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Eight-legged engineers
You see them in your house, garden and sometimes in your 
face if you walk through them during a hike. Spiders create 
their webs to catch and constrain their prey, so they can eat 
their prey whenever they see fit. Some spiders also use their 
web to fly, by weaving a web very quickly in the direction 
of the wind. So, keep an eye out for spider ambushes. 

A spider’s web, or cobweb, has many purposes and great 
properties for its size. The production of cobweb starts at 
the tip of the spider’s abdomen, called spinnerets, where a 
liquid protein is produced. The spider pushes the protein out, 
which then turns into a silk, perfect for web construction. A 
spider has multiple pairs of spinnerets that can each create a 
silk with different properties. The spider uses multiple strands 
of silk to weave a web with unique properties depending 
on what the spider plans to create. The radial strands are, 
for example, a lot stronger than the spiral strands. 

What caught the interest of scientists is how such a delicate 
structure can withstand a multitude of nature's forces. Cobweb 
is resistant to wind, water and impact from prey. Its tensile 
strength is greater than that of steel while also having much 
larger elasticity. The spiders not only create great constructing 
material on the fly, but are also great builders themselves.

A study by Guo, Yang, et al. in 2018 reported that the radial 
silks are uniform in stiffness and that the spiral silks feature a 
gradient variation in tensile stiffness along the radial direction of 
the web. This variation in mechanical properties of the cobweb 
structure gives it the ability to distribute the impact energy in a 
nearly uniform way, regardless of where the prey hits the web. 

To this day, scientists are still attempting to recreate this 
material in large quantities. Since it is a very thin material, you 
will need a large amount to even create a simple strand suitable 
for making functional fabrics. Some prototypes of artificial 
spider silk do exist, but it is not ready for our industry. Until 
that day we can only envy these eight-legged engineers. 

Oh, they also catch mosquitos.
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CONTENTS
EDITORIAL
Ten years ago the first edition of the N! was 
published; I had just started high school, 
completely unaware that I’d end up studying 
Applied Physics at the TU/e. And I also had 
no clue that I would become the editor-in-
chief of the N!. But here I am, writing the 
editorial for this special 40th edition.

The editorial staff has turned this edition into 
an amazing one, featuring the first articles of 
not one but two new editors: Sander Korteweg 
and Derya Kalafat. But besides those, there 
are also other great articles written by the 
older members of the editorial staff, which, 
I hope, you will enjoy at your leisure. 

In this release we’ll revisit the past ten years: 
our articles, our accomplishments and our ever-
changing roster of members. However, going 
into a new decennium not only means looking 
back, it also means looking forward. What 
could it be, that the next ten years will hold?  

2020: a new decennium. It is a year like any 
other, but it is also going to be a special year 
that demands our attention, now. Other than 
the N!’s second lustrum, 2020 also marks 
Van der Waals’s twelfth lustrum, as our 
association turns 60, and the first lustrum of 
Van der Waals moving to Flux. With all these 
lustra, 2020 can’t be anything but special. 

Speaking of special, this edition is actually 
loosely themed. The number 40 will come 
back a lot, as this is the 40th edition. Pim Keizer 
wrote about people who won the Nobel Prize 
before turning 40; Kees Mommers wrote about 
physicist Erwin Schrödinger’s private life, filled 
with scandal, polygamy and foursomes; Joep 
Nieuwdorp focusses more on the year 2020, 
highlighting all important scientific projects 
that’ll start up and Sander Pol writes about the 
world of ones and zeroes. If you wonder what 
binary has to do with all of this, you should 
read his article and find out! Enjoy reading! 

—
By: Lieke Ruijs 
(editor-in-chief Van der Waals)
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NEWS!
Peter Zijlstra receives 
research grant
Peter Zijlstra, assistant professor of Molecular Plasmonics 
in the research group for Molecular Biosensing for Medical 
Diagnostics (MBx), received a grant of two million euros for 
his research. The research group of Peter Zijlstra is a joint 
group of the departments of Applied Physics and Biomed-
ical Engineering. Zijlstra received the Consolidator Grant 
from the European Research Council. He will use the grant 
to investigate the visibility of interactions between enzymes 
using gold particles. The goal of the research is to find 
out how enzymes fold, which affects the functioning.

Boeing’s CST-100 Starliner spacecraft completed its 
first touchdown on land with a capsule safe for people. 
However, the Starliner did not reach its planned orbit. 
According to Boeing Senior Vice President of Space 
and Launch, the landing proved that the Starliner can 
safely transport crews to low-Earth orbit and back 
to Earth. The Starliner that landed will be restored 
for Boeings first operational crewed mission. NASA 
astronaut Suni Williams will fly on that mission.

Furthermore, a few objectives were tested during 
the flight. These objectives include space-to-space 
communications and checking of the propulsion systems. 

Succesful landing of 
NASA Starliner

Jonge Akademie 
welcomes Liesbeth 
Janssen
Liesbeth Janssen, assistant professor in the research group 
for Theory of Polymers and Soft matter (TPS), is one of 
the ten new members of the so-called Jonge Akademie. 
The Jonge Akademie is an independent department of the 
KNAW (Koninklijke Nederlandse Akademie van Weten-
schappen). The Jonge Akademie consists out of fifty 
members. Every year ten new members are selected, 
and ten current members leave the group. Members of 
the Jonge Akademie are young scientists who received 
their doctorate less than ten years ago. The goal of 
the Jonge Akademie is to encourage interdisciplinary 
research and to carry out research in a bigger group. 

Janssen was recommended by the TU/e for the national 
platform. Within the Jonge Akademie, Janssen wants 
to work on themes such as diversity and inclusivity. 

This year another TU/e professor became a member 
of the Jonge Akademie, Tom de Greef. Tom de 
Greef is an associate professor from the depart-
ment of Biomedical Engineering as well as the 
Institute for Complex Molecular Systems. 

First Dutch woman 
in space
Mindy Howerd is expected to be the first Dutch woman in 
space. In 2023 this TU/e alumna will board a commercial flight 
into space as an astronaut trainer. As a six-year-old girl Howerd 
already dreamed of being an astronaut. She completed her 
doctoral studies in Eindhoven. Before that, she followed an 
engineering program at the University of Buffalo. Although 
she wanted to work at NASA, she stayed in the Nether-
lands and started working for Shell. Since 2012, Howerd 
has been occupied with her own company, Inner Space 
Training. Because of this, she can finally fulfill her dream.   
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A student team lead by Arno Pronk, assistant professor in 
the Department of the Built Environment, won the first prize 
of the World Ice and Snow Festival in Harbin, China. The 
students of the TU/e built a fourteen-meter-tall Eiffel tower 
out of ice. Besides the TU/e students of the Department 
of Pronk, the Eiffel Tower is made together with students 
at Eindhoven's Summa College and in cooperation with 
scientists and students of the local technical university.  

The construction was made from fire hoses and ropes. 
However, due to high temperatures – around the 
freezing point – it was not sure whether the Eiffel tower 
would succeed in Harbin. Luckily, the temperature 
quickly decreased to -25 degrees Celsius. The Eiffel 
tower was made of pykrete, a frozen ice alloy. The 
next goal of the students will be a forty-meter-high ice 
tower on the Olympic Games in 2022 in Beijing. 

Arno Pronk already completed two other projects in 
Harbin in the past two years. Last year, a gridshell 
was built using 3D-printed ice. In 2018, a Flamenco 
Ice Tower was built. For this, he made use of his own 
technique of spraying cullolose-reinforced iced water.

Eiffel Tower made of ice

Dust balls close to the 
galaxy's black hole
Close to the Milky Way's supermassive black hole, 
six strange objects defy gravity. The objects look like 
clouds of gas and dust, but behave like stars. 

The first two of those objects, were discovered a decade ago. 
By then scientists assumed that the objects were just simple 
gas clouds. Those gas clouds were never stretched out and 
swallowed by the black hole. Instead, the objects continued 
to orbit the black hole. This behavior is common for stars. 

Recently, four more of those weird clouds have been 
spotted by researchers at the University of California. 
The clouds look like huge clouds with signatures 
of hydrogen and they don't emit a lot of heat. 

For now, scientists suggest that the clouds could be stars 
hiding behind shrouds of gas and dust. The gas and dust 
would be thick enough to obscure the star's light. 

An option could be that the objects are a result of a messy 
stellar collision, where two stars merged and left behind 
a single large star surrounded by debris. The researchers 
are still in the process of taking more measurements, so 
hopefully it will soon become clear what the clouds are.   
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Irène Curie program 
As of July 2019, the TU/e has launched the Irène Curie 
Fellowship. During the first six months of recruitment, any 
vacancies for assistant, associate and full professors that 
the TU/e opens will be exclusively for women. The first 
one and a half years of the program, this will be the case 
for 100% of the vacancies. After that, the percentage 
of vacancies that are open just for women may be 
decreased. According to the TU/e, the program aims to 
resolve gender imbalance issues. The program will last at 
least five years. 

The department of Applied Physics has already recruited 
five new female scientific staff members. In total there 
were six vacancies. One of the vacancies will be filled by 
a man. The five new women will presumably start halfway 
2020. Next to that, the department plans to hire another 
woman in 2020. This will result in the percentage of 
female scientific staff doubling from 13% to 25% in 2020. 

All newly-hired women will receive a start-up package 
to kick-off their career at the university. A dedicated 
mentoring scheme will be offered to support their 
ambitions, to increase their career opportunities and 
to contribute to a stronger network of talented female 
scientists.
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When thinking of particle accelerators, the image that usually 
comes to mind is that of a massive facility such as CERN, 
which spans many miles and houses hundreds of scientists 
who labor day and night, attempting to unravel the funda-
mental structure of the universe. However, this is not all that 
such facilities are used for. Many important measurement 
techniques in materials research require broad-spectrum 
X-ray light that can only be efficiently obtained by accele-
rating charged particles to very high energies. Additionally, 
hospitals rely on particle accelerators to supply them with 
the radioactive isotopes needed for life-saving diagnostics. 

Evidently, it would be highly valuable if hospitals and scien-
tists could have these powerful machines at their disposal 
in their own laboratories, but the associated costs and size 
currently prohibit this. However, this may all be about to 
change, as researchers of Stanford University's Accelerator 
on-a-chip program have recently demonstrated a particle 
accelerator that you can carry around in your pocket. 

Using laser light, this chip is able to accelerate electrons up to an 
energy of 0.9 kilovolts within a length of only 30 micrometers. 
The electrons travel through a microscopic channel patterned 
with carefully formed ridges, forming alternating wide and 
narrow sections (pictured). The laser light is coupled such that 
it produces an oscillating electric field parallel to the channel. 
In the narrow sections of the channel, confinement of the laser 
light produces a stronger electric field than in the wider sections. 
By synchronizing the movement of the electrons, they undergo 
large accelerations in the narrow channel sections while only 
slightly being slowed down in the wider sections. After many 
hundreds of ridges, this produces the impressive acceleration 
voltages of the electrons. Through further improvements to the 
design and materials over the next years, the creators hope that 
their invention will soon bring the capabilities of large accele-
rator facilities into the research labs and hospitals worldwide.

—
By: Jeff Schulpen (editor VENI)

Accelerator on a chip
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Since the moment humanity started to grasp the nature of 
mechanics, people have sought to use that knowledge to 
create devices that could alleviate tasks or replace manual 
labour. The dream has always been to create a device that 
would drive itself; to do work without continuously needing 
energy: a perpetuum mobile. Throughout history many tried 
to build such a device, but none succeeded. The discovery of 
the laws of thermodynamics led to a more thorough under-
standing of heat and energy and people quickly realised 
that the first and second laws of thermodynamics ensure 
that a perpetuum mobile is epistemically impossible.

However, the theory of thermodynamics is a subtle one. 
Some thought experiments such as Maxwell’s demon and 
the Brownian ratchet have taught us that, even when the laws 
of thermodynamics seem to be violated, they still turn out to 
hold when all subtleties are taken into account. Over the last 
hundred years we have gained fantastic new theories such as 
relativity and quantum mechanics. Quantum theory shows us 
that at the smallest known level, things get weird and incredibly 
complex. Now a newly theorised quantum phenomenon might 
come closer to the perpetuum mobile than anything before.

In 2012 Nobel laureate Frank Wilczek theorised the possibility of 
time crystals: objects that could break time symmetry. Normal 
crystals break spatial symmetry by being periodic but non-uni-
form in space: a crystal lattice changes in space when it is 
shifted. Due to symmetry in the lattice, this change is periodic. 
If shifted exactly the length of one crystal, the lattice is identical 
to the initial situation. Since space itself is uniform, space is 
symmetric everywhere. A crystal is symmetric only periodically, 
thus regularly breaking symmetry. This symmetry breaking might 

be possible for time symmetry too: a crystal that is non-uniform 
in time, but periodic in nature, i.e. a crystal that changes to a 
different state and then back to its original state periodically 
over time without needing energy for the change. Experimental 
physicists set out to create a time crystal and succeeded.

Using laser pulses on a crystal scientists were able to effect 
quantum spins to flip-flop between states. Still, over time 
small changes in the laser frequency prevented the quantum 
spins from going back to their initial states. By adding a second 
pulsed laser the quantum spins were linked with neighbouring 
ones, which made the crystal immune to small changes in laser 
frequency. Time crystals do not absorb or dissipate the energy 
that is used to drive them, which makes them different from 
other periodic non-equilibrium states. The driving energy isolates 
the energy states and makes them unable to exchange energy, 
trapping the time crystals in non-equilibrium states. This trapping 
process is known as many-body localisation. Without trapping, 
the system would heat up and the periodic behaviour would 
disappear. Currently, time crystals exist for a finite time in the 
lab, which is expected to increase as the system size increases.

It seems physicists have stumbled upon an interesting new 
phenomenon that needs to be studied further. Time crystals 
are coming closer to a true perpetuum mobile than anything 
before: a periodic change over time that does not consume 
energy. Still, driving forces are needed and time crystals only 
exist for a finite time. Time crystals have already led to more 
research into even more exotic structures and indicate that 
seemingly impossible things might be possible in the future.
—
By: Sander Korteweg (editor Van der Waals)

On time crystals

P
h

o
to

: H
. P

el
lik

ka
/C

C
-B

Y
-S

A

N! February 2020 | 9



The function of onderwijscoördinator
Since this year the onderwijscoördinator is a new function in 
the ESA team of Applied Physics. For STOOR this means a 
lot of contact with Ingrid. However, as she explains herself, 
Ingrid doesn't have much direct contact with the students or 
the lecturers. Her work is more in the background, because 
she is busy with the organisation of education. For this, it is 
important that she takes a look at the functioning of processes. 

A perfect example is the information provision for the 
lecturers. You might think that, for you, reading the PER is 
terrible, but lecturers struggle with this as well. Therefore, 
together with the ESA team, she prepared a "quick guide", 
which provides an overview of the most important rules, 
like grading, the BSA, etc. More initiatives to improve the 
information for lecturers will be developed during this 
academic year. Investigating how to further improve the 
student information flow will also be part of the project. 

Another example of her work is that she will focus 
on the BEP. Quoting Ingrid: "Regarding BEP there are 
so many projects, at departmental level as well as 
at TU/e level. This is also something that is a bigger 
task, but actually consists of so many little tasks."

"I actually enjoy going to work."

Moreover, she is responsible for the information on the 
study guide webpages, which is updated yearly before 
September. However, during the entire year adjustments 
may be necessary. Besides this, Ingrid is the secretary of 
the Program Committee, which she says to enjoy a lot, 
because she can hear the opinion of lecturers and students. 

PhD students 
Ingrid is not only busy with the processes involving both 
lecturers and students, but she will also focus on PhD students. 
Applied Physics PhD students are partly the responsiblity of the 
Graduate School, specifically when focussing on the education 
part of their job. Namely, besides taking courses themselves, 

Ingrid Kroon, who is she?
STOOR

You might or might not have heard her name before, Ingrid Kroon. She has 
been working at the TU/e for several years, and since this year, she works 
at the department of Applied Physics. Her work as onderwijscoördinator 
sounds promising and new, but what does this function actually mean?

PhD students are involved in courses as well. As you can 
imagine, this involves a lot of organisation. At the moment, for 
instance, PhD students work as tutors assisting experiments. 

She knows that the opinions about the quality of the guidance 
of experiments are different among students. Since Ingrid 
studied the master Intercultural Communication in Tilburg, she 
is interested to investigate how culture possibly influences 
this. Last May, while also working, she wrote her Master's 
thesis on the experiences of Dutch supervisors regarding the 
supervision of Chinese PhD students. Doing this made her 
realize that PhDs originating from outside the Netherlands 
could have learnt some skills other than those that the Dutch 
students would expect or are used to. When thinking about 
the processes this can be something to take into account too. 

"They might have learnt some 
skills other than those that the 
Dutch students would expect."

To conclude, this is another example of why she likes her work 
as onderwijscoördinator, because working with PhD students 
is interesting and also in line with her own education.  

Career until know
Ingrid started studying European Studies in Maastricht 
after which she started her Master's at Tilburg. However, 
she struggled with finishing her thesis, which made her 
decide to apply here at the TU/e. She started working 
at the department of Mechanical Engineering as the 
secretary of the Exam Committee, which she did for 3 
years. In her last year she helped with setting up the, at 
that moment, new course of Engineering Design. 

However, she wanted to see some more of the TU/e, 
so she became junior policy officer of research at IE&IS. 
Through this job, she learned a lot about the other obligations 
researchers have besides teaching. Although this was very 

10 | N! February 2020



Applied Physics. Thus, she might get ideas from Mechanical 
Engineering, but she always needs to think about if it fits in 
the Applied Physics culture (which is what Ingrid calls it). Not 
weird, of course, that Ingrid likes to think in terms of different 
cultures with her background. Probably, this is also what she 
likes so much about the different departments. She does 
confess that with Electrical Engineering we not only share Flux, 
but our onderwijscoördinators also share a lot of knowledge.

Visibility 
As said before, the average student at the moment does 
not have contact with Ingrid directly. But, indirectly Ingrid 
hopes that students will notice her work overtime. By 
focussing on the BEP coordination, for example, students will 
experience her work. However, she will never be the face 
of these changes. She will always work in the background, 
but, as became clear, many different backgrounds. 

Finally, if you are really curious right now as to who this 
woman is, please pass by this year at the yearly all-round 
camp for employees, because she will happily explain that 
she thinks she will be able to gather a team of Applied 
Physics. Moreover, in the future she will probably pass 
by at the borrel, because she likes to get to know her 
colleagues, as well as students, from a different side too. 
—
By: Sophie de Hont (editor STOOR)

interesting for another three years, she found out that she 
missed the dynamics of education. And then there was the 
function of onderwijscoördinator! To quote Ingrid: "I feel 
like I found my place. The ESA team is nice to work with, 
everybody wants to go for it. I actually enjoy going to work." 

She enjoys working at TU/e because it gives her the 
opportunity to work together with specialists in the technology 
field, something she does not know much of herself. She 
thinks that by combining the expertise of these people with 
her own expertise, it can bring forward great things. 

Her three-year plan
As you have read before, Ingrid has worked in cycles of three 
years; until now, STOOR was interested in what her goals 
are for the next three years. To quote Ingrid: "My studies 
have always been related to the field of communication 
and organization, so this is what I focus on in my career as 
well. In the upcoming years, I hope to further increase the 
different processes evolving around students, PhD student 
and lecturers." In order to achieve this, she wants to operate 
together with the onderwijscoördinators of other departments. 
Currently, not all departements have one, but sitting together 
with some of them makes her learn a lot as well. However, 
since all departments are different from each other, also 
attracting different kinds of students, you always need to think 
if and how procedures from other departments would fit at 

Hi, my name is Victor Brou-
wers and as of right now I’m 
in my final Bachelor's year. 
During the last few years, 
I have undertaken several 
extra-curricular activities such 
as a European project with 
autonomous vehicles and a 
job as a highschool physics 
teacher. From now on, I’ll be 
using my experience to opti-
mize the learning experience 
of Applied Physics by working 

for STOOR, which I’m really looking forward to!

New STOOR employee: Victor Brouwers STOOR announcements
STOOR is very curious to know your opinion on the lectu-
rers, instructors and practical supervisors that you have 
had this semester! That is why we kindly ask you to fill in 
the survey below, that is applicable to your year of study. In 
the beginning of the upcoming academic year, the educa-
tional awards (the STOOR Owls) will be awarded to those 
who came out best from the surveys. Thanks in advance! 

Bachelor's, year 1: 
https://tinyurl.com/edu-awards-1

Bachelor's, year 2: 
https://tinyurl.com/edu-awards-2

Bachelor's, year 3: 
https://tinyurl.com/edu-awards-3

Master's: 
https://tinyurl.com/edu-awards-M

From this lecture year onwards STOOR will not host their 
STOOR sessions in Flux 0.259 anymore. Instead, STOOR 
will be present in de 'Salon' every Thursday during the break. 
Come see us between 12:40 and 13:20, and for every tip 
or top about a course, you get the cookie of the week!

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

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

Victor Brouwers  Sophie de Hont

N! February 2020 | 11



WETENSCHAP

Introductie
Geïntegreerde fotonica is een grensverleggende technologie die 
op het punt staat de wereld zoals wij die nu kennen ingrijpend 
te veranderen. Fotonica lijkt veel op elektronica, maar gebruikt 
in plaats van elektronen licht als communicatiemedium. Eén 
van de belangrijkste problemen die fotonica helpt op te lossen, 
is het exploderende energieverbruik van datacenters, doordat 
fotonische microchips veel minder energie verbruiken dan hun 
elektronische voorlopers. Na de eerste publicaties ongeveer 
veertig jaar geleden over microfotonica, of geïntegreerde optica 
zoals het toen nog heette, heeft men lang gedacht dat deze 
technologie eenzelfde ontwikkelingsgang zou bewandelen 
als de geïntegreerde micro-elektronica. Eén van de gefor-
muleerde doelstellingen uit deze beginperiode was dan ook 

“integratie van een groot aantal optische apparaten op een 
klein substraat, waardoor een optisch circuit ontstaat verge-
lijkbaar met een geïntegreerd circuit in micro-elektronica”. 

"De TU/e heeft sinds het einde van 
de jaren '80 fotonica ontwikkeld."

In tegenstelling tot de microfotonica, heeft de micro-elektronica 
het ongeveer vijftig jaar lang voor elkaar gekregen het aantal 
componenten op een chip elke twee jaar te verdubbelen. 
Een voorspelling die reeds in 1965 werd gedaan door Gordon 
Moore en sindsdien bekend staat als Moore’s Law. Dat de 
microfotonica dit tot voor kort niet heeft kunnen realiseren, 
komt onder andere doordat de geïntegreerde micro-elektronica 
in staat is om met een beperkt aantal integratietechnologieën, 
waarvan de meest aansprekende de CMOS-technologie is, in 
combinatie met een beperkt aantal basisbouwblokken, zoals 
transistors, condensatoren, diodes, elektrische weerstanden 
en verbindingen, de meest uiteenlopende en complexe scha-
kelingen te realiseren. Daarnaast heeft men zich in de wereld 
van de micro-elektronica al snel gerealiseerd dat het beschik-
baar maken van deze kostbare en complexe technologie voor 
een groot publiek vereist dat je kosten voor ontwikkeling deelt 
door middel van het zogenoemde foundry model concept. 
Hierbij maken zogenaamde fabless-klanten gebruik van de 
faciliteiten (zoals een cleanroom) van de foundries om hun 
processen te ontwikkelen. Het idee dat met je met één tech-
nologie en een set van basiscomponenten alles kunt maken, 

De revolutie van fotonica en 
fotonische integratie

Nederland, en Eindhoven in het bijzonder, hebben altijd een belangrijke rol gehad in de 
ontwikkeling van fotonische circuits. De komende jaren zullen we hier naar verwachting 
steeds meer over horen, zeker met het oog op de honderden miljoenen aan investeringen 
die toegezegd zijn voor dit onderzoeksveld. Steven Grijseels, zelf werkzaam als R&D 
engineer bij SMART photonics, maakt ons wegwijs in de wereld van de fotonische circuits.

Figuur 1: (links) Analogie tussen de elektronica en de fotonica, uit-

gedrukt in een set van basiscomponenten, of bouwblokken. (rechts) 

Schematische weergave van een aantal fotonische basisbouwblokken in 

dwarsdoorsnede, die met de door de universiteit ontwikkelde proces-

technologie gerealiseerd kunnen worden. Overgenomen uit [1].
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heeft geleid tot standaardisatie van bouwblokken en proces-
technologieën, die samen zijn ondergebracht in een foundry-
specifieke process design kit (PDK). Toegang tot de PDK van 
een foundry stelt een eindgebruiker op deze manier in staat 
om met een beperkte kennis van de achterliggende techno-
logieën een functioneel fotonisch geïntegreerd circuit (PIC) te 
ontwerpen en realiseren. Daarnaast leidt standaardisatie tot de 
mogelijkheid van verdere kostenreductie middels zogenoemde 
multi-project-wafers (MPW), waarbij meerdere gebruikers 
van het platform hun eigen chipdesign op de wafer plaatsen 
en op die manier de kosten van de waferproductie delen.

De Technische Universiteit van Eindhoven heeft sinds het einde 
van de jaren ’80 fotonicatechnologieën ontwikkeld. Eén van de 
uitvindingen uit deze tijd is de arrayed waveguide grating (AWG), 
waarmee licht in verschillende golflengtes gesplitst kan worden. 
Hiermee werd het mogelijk om de transmissiecapaciteit van 
optische netwerken aanzienlijk te verhogen via een techniek die 
waveguide division (de)multiplexing (WDM) wordt genoemd. 

Vanaf het begin van deze eeuw heeft het COBRA-instituut 
(nu: Institute for Photonic Integration) het voortouw genomen 
in het ontwikkelen van een generieke fotonische integratie-
technologie. Daarnaast is er ook begonnen met het opzetten 
van een ecosysteem van waaruit gebruikers in staat worden 
gesteld om middels generieke fotonische integratietechnologie 
vanuit een ontwerp tot een functioneel systeem of applicatie 
te komen. Voor het ontwikkelen van een goed functionerend 

ecosysteem moet aan een aantal randvoorwaarden worden 
voldaan. De belangrijkste hiervan is standaardisatie van het 
maakproces middels generieke integratietechnologie. Daarbij 
moeten er design kits beschikbaar zijn die bestaan uit toege-
wijde software- en componentbibliotheken. Verder zijn er 
tussenpersonen nodig, die bemiddelen voor mensen die 
willen instappen in deze nieuwe technologie en ontwerphuizen 
voor onervaren ontwerpers. Om de technologie nog beter en 
robuuster te maken is het nodig om te investeren in generieke 
testcapaciteiten en meetopstellingen. Tot slot moet het back 
end-proces rendabeler gemaakt worden. Dit heeft dan vooral 
te maken met de ontwikkeling van generieke verpakkings-
methoden om tot een toepasbare applicatie te komen [2].

Het maakproces
Fotonica is een multidisciplinair vakgebied, waarbij natuurkunde, 
scheikunde en elektrotechniek volledig met elkaar geïntegreerd 
zijn. Het gedrag van een fotonisch circuit wordt voornamelijk 
beschreven en voorspeld middels natuurkundige wetmatig-
heden, zoals optica en halfgeleiderfysica. Daarnaast is het 
generieke integratieproces een aaneenschakeling van chemi-
sche stappen. Hierbij valt onder andere te denken aan epitaxie, 
lithografie, natte en droge etsprocessen en metaallegeringen. 
Al deze processen tezamen definiëren de bouwblokken en 
daarmee het uiteindelijke fotonische circuit, de PIC. Door bouw-
blokken slim te combineren kunnen de meest uiteenlopende 
fotonische circuits gerealiseerd worden. De bouwblokspecifieke 
gedragseigenschappen worden veelal gekarakteriseerd u

Figuur 2: Verkorte schematische weergave van het traject van een MPW-run bij SMART Photonics. Links is het ontwerp van de chip, in het midden 

de multi-project-wafer en rechts de uiteindelijke chip.

Figuur 3: Schematische weergave van de procestechnologie in dwarsdoorsnede. In de eerste fase (links) worden drie verschillende epitaxiale groei-

stappen doorlopen. In de tweede fase (midden) worden de structuren middels lithografie en etsen gedefinieerd. In de laatste fase (rechts) worden 

de structuren geconserveerd middels passivering en worden de metalen voor contacten aangebracht. Overgenomen uit [3].
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u aan de hand van elektrotechnische grootheden, zoals 
brandbreedte, modulatiesnelheid, responsiviteit, enzovoorts. 
Om het gedrag van een circuit te kunnen simuleren worden 
in de fotonica zogenaamde compacte modellen toegepast en 
ontwikkeld. Deze compacte modellen proberen de fysische 
eigenschappen van een bouwblok uit te drukken in elektri-
sche en optische meetbare waarden. Door deze compacte 
modellen in een circuitsimulator aan elkaar te koppelen, kan het 
gedrag van een PIC voorspeld worden. De compacte modellen 
zijn foundry-specifiek en worden beschreven in de PDK.

Procestechnologie
De processtappen van het generieke integratieproces worden 
in het kort beschreven in figuur 4. Ze bestaan uit verschil-
lende epitaxiale groeistappen, met als doel een gecontro-
leerde scheiding van ladingdragers middels een pn-junctie, 
bestaande uit aangrenzende actieve en passieve gebieden. 
Het grensvlak van de actieve en passieve gebieden heet een 
butt-joint en is één van de eruitspringende kenmerken van 
deze generieke procestechnologie. Het proces is zo ontwik-
keld dat de prestaties van de verschillende componenten in de 
verschillende gebieden zo veel mogelijk geoptimaliseerd zijn. 
Het substraat waarop de verschillende groeistappen worden 
gedaan, is gemaakt van n-gedoteerd InP-halfgeleidermateriaal. 

"Allerlei chemische processen 
definiëren de bouwblokken en 
daarmee het uiteindelijke circuit."

In de eerste groeifase worden de actieve gebieden gemaakt. 
De actieve gebieden zijn voorzien van een periodieke 
lagenstructuur, multi-kwantumputten. Dit wordt gedaan door 
afwisselend gallium en arsenicum aan het indiumfosfide 

toe te voegen. In het actieve gebied kunnen ladingsdragers 
(elektronen) geïnjecteerd of onttrokken worden ten behoeve 
van lichtgeneratie (bijv. lasers) en absorptie (bijv. detectoren), 
maar deze gebieden kunnen ook gebruikt worden om het 
lichtsignaal te versterken of juist te dempen. Na de eerste 
groeifase wordt het halfgeleidermateriaal geëtst voor de 
tweede groeifase, de definitie van de passieve gebieden. De 
passieve gebieden dienen voor lichtgeleiding en lichtmanipulatie, 
zoals (de)modulatie, splitsing, polarisatieverdraaiing, reflectie 
enzovoorts. In de derde groeifase wordt het p-gedoteerde InP 
gegroeid samen met een contactlaag, die van belang is voor 
inlegering van het metaal dat later gebruikt zal worden voor het 
elektrische contact om de chip aan te sturen. Na voltooiing van 
het groeiproces volgt een groot aantal alternerende lithografie- 
en etsstappen die uiteindelijk de verschillende bouwblokken 
definiëren. Tot slot volgt er nog een aantal processtappen 
die ervoor zorgt dat de bouwblokken beschermd zijn tegen 
ongewenste invloeden van buitenaf (passivering) en stappen 
dat ervoor zorgen dat het metaal voor de contacten kan worden 
aangebracht (planarizering). Wanneer dit allemaal gedaan is, 
dan wordt de wafer geslepen en gepolijst waarna deze gekliefd 
wordt en de chips klaar zijn voor inbouw in de applicatie.

Bouwblokken
Wanneer we naar de functionaliteit van een aantal verschillende 
optische circuits kijken, zien we dat de meeste van deze zijn 
opgebouwd uit een relatief kleine set van componenten, zie 
figuur 5. Dit zijn de basisbouwblokken. Dit zijn de kleinste 
(niet-deelbare) groepen van functionele bouwblokken die nodig 
zijn om een volledig functioneel systeem te realiseren met 
generieke procestechnologie. Aan de ene kant zijn er passieve 
elementen, die golflengteafhankelijk zijn, zoals optische filters 
en (de)multiplexers en de passieve golflengteonafhankelijke 
elementen zoals optische schakelaars en koppelaars. De meeste 
van deze componenten worden gemaakt door eenvoudigweg 
de dimensies van de passieve golfgeleiders te variëren. 
Hiermee kunnen passieve componenten, zoals koppelaars van 

Figuur 4: Voorbeelden van functionaliteiten die gerealiseerd kunnen worden met behulp van generieke integratietechnologie op InP: (a) alleen pas-

sieve golfgeleiders, of in combinatie met (b) optische versterkers en met (c) fasemodulatoren. Overgenomen uit [1].
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MMI’s (multi-mode-interferometers) en AWG’s, gerealiseerd 
worden. Daarnaast zijn er ook basisbouwblokken die in staat 
zijn het licht te manipuleren met betrekking tot de amplitude, 
fase en polarisatie. Hiermee kan een nog grotere diversiteit 
aan functionaliteiten gerealiseerd worden. Denk hierbij 
bijvoorbeeld aan lasers, optische versterkers, modulatoren en 
detectoren. Een aantal van deze gerealiseerde bouwblokken 
worden aan de hand van SEM-foto’s getoond in figuur 6.

Technologiën - huidige en toekomstige
Op dit moment zijn er in de fotonica verschillende platformen 
te onderscheiden die gebruikmaken van een generieke proces-
technologie, met als voornaamste indiumfosfide, silicium en 
TriPleX. Elk van deze platformen heeft zijn eigen specifieke 
kenmerken en afhankelijk van welke applicatie nagestreefd 
wordt, zal het ene platform of een combinatie hiervan tot 
het meest optimale resultaat leiden. Om tot een volwaardige 
productietechnologie te komen op elk van deze platformen 
zijn investeringen nodig. Een goed voorbeeld hiervan is een 
in de Europese Unie opgestarte pilot line genaamd InPulse 
[4], dat als doel heeft binnen enkele jaren een volledig opera-
tionele productielijn op te zetten op het InP-platform. Ook 
met betrekking tot de bouwblokken zijn veel verschillende 
ontwikkelingen gaande die zorgen voor uitbreiding en verbe-
tering van de huidige PDK en die het platform voorbereiden 
op de volgende generatie van PIC’s. Hierbij gaat het onder 
andere om coherente transmissie en detectie voor toepas-
singen gerelateerd aan kwantumtechnologie, de ontwikkeling 
van polarisatieonafhankelijke bouwblokken, uitbreiding van de 
bandbreedte en verbetering van de efficiëntie van modulatoren 
en detectoren voor onder andere hoogfrequente applicaties en 
het optimaliseren van de golfgeleiderverliezen [5]. Momenteel 
zijn we hard op weg om ons platform uit te breiden en ons 
voor te bereiden op de nieuwe technologie van de toekomst.

—
Door: Steven Grijseels (VENI-lid)

Figuur 5: Overzicht van enkele van de basisbouwblokken, gemaakt met een elektronenmicroscoop, die met de generieke procestechnologie ge-

maakt kunnen worden.

[1] M. Smit et al., “An introduction to InP-based 
generic integration technology,” Semicond. Sci. 
Technol., vol. 29, no. 8, Jun. 2014, Art. no. 083001
[2] M. Smit, J. van Tol, and M. Hill, “Moore’s law in 
photonics,” Laser Phot. Rev. 6, No. 1, 1–13 (2012)
[3] L. M. Augustin et al., “InP-Based Generic Foundry 
Platform for Photonic Integrated Circuits,” IEEE J. Sel. 
Topics Quantum Electron., vol. 24, no. 1, Jan./Feb. 
[4] TU/e, bit.ly/TUePhotonics1 & bit.ly/TUePhotonics2
[5] JePPIX.eu – JePPIX 2018 roadmap
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INTERVIEW

In de allereerste N! werd u 
gevraagd hoe het vakgebied 
spintronica zich zou ontwikke-
len in de komende 10 jaar. Kunt 
u ons een spoedcursus spintro-
nica geven en uitleggen wat er 
in die tien jaar gebeurd is?  
In de jaren ’80 lukte het voor het eerst 
om extreem dunne, magnetische metalen 
lagen te maken. Interlaagkoppeling en 
het effect van reuzen-magnetoweerstand 
(GMR) vormden de basis voor de spintro-
nica. In N-laag begonnen onderzoekers 
deze laagjes te fabriceren om het fysisch 
begrip van deze interacties op te bouwen.

"Niemand had ooit 
kunnen bedenken dat 
dit mogelijk zou zijn."

Midden jaren ’90 werd de tunnel-
magnetoweerstand (TMR) aangetoond 
door isolatoren tussen de magnetische 
metalen lagen te introduceren. Het was 
materiaalkundig bijzonder moeilijk om 
deze laagjes te fabriceren; het heeft jaren 
geduurd voordat groepen erin slaagden 

pinhole-vrije lagen aluminiumoxide te 
groeien van typisch een nanometer dik.
 
Weer vijf jaar later, rond de eeuwwis-
seling, werd de spin transfer torque 
ontdekt: het omkeren van magnetisatie 
of magnetische domeinen door middel 
van een stroom of elektrische velden, 
in plaats van een magnetisch veld. Naar 
mijn mening één van de meest schit-
terende ontdekkingen, omdat altijd 
gedacht werd dat die twee werelden, 
magnetische materialen en elektrische 
beïnvloeding, van elkaar gescheiden 
waren. Plotseling werd MRAM (magnetic 
random access memory, red.) uitvoer-
baar. Conceptueel lag het idee van een 
magnetische geheugenchip al veel langer 
op de tekentafel, maar het omkeren 
van de magnetisatie moest door middel 
van kleine Oerstedtvelden gebeuren; 
een methode die vrij snel tegen fysieke 
limieten aanloopt bij het kleinschaliger 
maken van de structuren. Nu magneti-
sche domeinen gemanipuleerd konden 
worden via een elektronenstroom of een 
elektrisch veld, veranderde het speelveld.

Even tussendoor weer terug naar de dag 
van vandaag, 2020: Samsung gebruikt 
momenteel MRAM in een aantal van 

haar chips. Nog steeds wordt consu-
mentenelektronica gedomineerd door 
halfgeleiders, maar vooral op plekken 
in een toestel waar in korte tijd snelle 
berekeningen plaats moeten vinden 
zonder verlies van informatie (non-volatile 
memory) biedt MRAM een robuuste 
oplossing. Ik was afgelopen december 
nog bij een conferentie in Seoul waarbij 
ze hedendaagse toepassingen van 
spintronica hebben laten zien, erg leuk!

"Naar mijn mening 
één van de meest 
schitterende 
ontdekkingen."

Een meer recent huzarenstukje is de 
fascinerende rol van spin-orbit coupling, 
rond 2010, tien jaar geleden nu. Geheel 
onverwacht bleek het mogelijk de 
magnetische oriëntatie van ferromag-
neten te beïnvloeden door middel van 
een stroompje door een niet-magnetische 
geleidende laag net onder of boven de 
magnetische laag (nu bekend als het 

Een dialoog met Henk 
Swagten: spintronica, 
onderwijs en BuEx'en
Tien jaar geleden werd er in de allereerste editie van de N!  een artikel gewijd 
aan  Henk Swagten naar aanleiding van zijn benoeming tot VICI-hoogleraar. 
In dat interview (gerycled uit een artikel van wijlen Koerier), wordt vooral 
gereflecteerd op zijn nieuwe leerstoel, maar tevens vooruitgeblikt naar 
de  toekomst van spintronica tien jaar later. Laten wij dat nou een mooie 
aanleiding vinden voor een gevolggesprek in onze jubulieumeditie...
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Spin-Hall Effect, red). Niemand had 
ooit kunnen bedenken dat dit mogelijk 
zou zijn, een doorbraak van wereld-
formaat, boeiende fysica, en weer 
nieuwe opties voor toepassingen!

Is dat iets typisch aan spintro-
nica, aan nanomagnetisme, 
dat ontdekkingen razendsnel 
toegepast kunnen worden in de 
industrie? 
Philips was in de jaren '80 bezig met 
enkele ferromagnetische lagen zo te 
fabriceren, dat je eenvoudig, op een 
elektrische manier, magneetvelden zou 
kunnen meten, in dataopslag toepas-
singen. Door de aanwezigheid van dit 
technologische gereedschap was het 
voor bedrijven als Philips en IBM mogelijk 
om snel door te pakken naar supergevoe-
lige magneetveldsensoren gebaseerd op 
GMR, en daarmee kon binnen tien jaar na 
de natuurkundige doordraak een product 
op de markt komen! Maar misschien 
zie ik dit wel helemaal verkeerd; je zou 
iemand uit de industrie moeten vragen 
naar deze fascinerende toepassingen.

Het is heel lastig om na te denken waar 
we over tien jaar zijn, in 2030. Wanneer 
we bezig zijn met fundamenteel onder-
zoek zijn veel dingen veelbelovend, 
maar het blijft erg lastig (en misschien 
ook niet nodig) om te voorspellen welke 
toepassingen daadwerkelijk hun weg in 
producten vinden, of er wel markt voor is.

Zoals dat ook met racetrack 
memory het geval is?
Precies! Rond 2004 kwam dat opbor-
relen, het gebruik van spin transfer 
torque om domeinwanden in een klein 
magnetisch stripje snel te laten bewegen. 
Je kunt daar solid state memory mee 
maken, IBM heeft dat zelfs gedaan. 
Inmiddels is voor racetrack memory de 
fundamentele fysicahype wel voorbij, 
we begrijpen het wel. Kijk, als racetrack 
memory echt exclusieve eigenschappen 
heeft die een traditioneel geheugenele-
ment niet heeft en als daar vervolgens 
een markt voor is, dan heb je een product 
in handen. Hetzelfde gebeurt op dit 
moment met skyrmionen; twee, drie jaar 
geleden pas ontdekt. Het zijn superkleine 
magnetische excitaties die door topo-
logische protectie erg stabiel zijn en je 
kunt ze weer snel en efficiënt bewegen 
met een stroompje. Klinkt veelbelovend, 

erg spannend onderzoek, maar alleen de 
tijd zal leren of ze over tien jaar of zelfs 
later op de markt zullen verschijnen.

Een heel andere vraag: denkt 
u dat we u over 40 edities als 
de N! 20 jaar bestaat, nóg een 
keer zullen interviewen over de 
staat van de nanomagnetisme?
Nee dat denk ik niet, over tien jaar geen 
interview, dan ben ik al met pensioen. 
Maar als je dan met Reinoud Lavrijsen 
praat, dan hoor je wéér een verhaal over 
allerlei nieuwe ontdekkingen, ondanks 
dat het er nu op lijkt dat skyrmionen de 
kleinste bruikbare bits kunnen opleveren, 
waarmee het onderzoek zou kunnen 
stagneren. Dit heb ik al een aantal keren 
gezien heb, is een herhalend patroon. 
Toen in de jaren ’80 de interlaagkoppe-
ling en het GMR-effect ontdekt werden 
zeiden vakgenoten, gewaardeerde 
collega’s, dat we ermee op konden 
houden; alles was nu wel bekend.

Het doet denken aan het begin van de 
vorige eeuw, vlak voordat de revolutie van 
kwantummechanica los zou barsten, toen 
men dacht dat het wel klaar was met de 
natuurkunde. De wetenschap is in die zin 
volstrekt onvoorspelbaar.

We hebben nu een mooi 
beeld van de ontwikkeling van 
spintronica, dus we zouden 
graag het onderwerp van het 
gesprek willen omgooien. Wat 
voor student was u? 
Ik was een saaie student, in de zin 
van niet betrokken of zelfs actief bij 
de studieverenging. Ik had thuis een 
druk verenigingsleven als opleider en 
bestuurder bij een reddingsbrigade, waar 
ik al mijn energie in stopte. Dus van mij 
hoor je geen spannende verhalen over 
wat ik in die tijd heb uitgevreten op 
N-laag, want die zijn er simpelweg niet.

Hoe bent u in de natuurkunde 
en het bijbehorende onderwijs 
terecht gekomen? 
Ja, we waren vroeger veel minder met 
carrière bezig dan studenten nu. Ik vond 
natuurkunde hartstikke leuk. In de tweede 
helft van het VWO viel het kwartje: ik 
werd gegrepen door wis- en natuurkunde 
en natuurkundesommetjes maken vond 
ik echt helemaal te gek. En dat is zo 
doorgegaan tijdens mijn studie. Op een 

gegeven moment ga je de projecten in 
en maak je kennis met experimentele 
natuurkunde, met uitdagende speur-
tochten naar nieuwe verschijnselen. Ik 
zat in die tijd in de onderzoeksgroep 
van prof. Wim de Jonge. Hij was een 
uitstekende onderzoeker, maar ik vond 
hem vooral een bijzonder inspirerende 
docent. De manier waarop hij college gaf 
zette me aan om veel energie te steken 
in onderwijs, zo wilde ik het ook doen.

"Zowel de interactie 
met studenten als het 
uitpluizen van vakken, 
(...) dat is geweldig."

Onderzoek doen vind ik geweldig, maar 
je moet me niet in een onderzoeksin-
stituut plaatsen, omdat het onderwijs 
dan ontbreekt. Zowel de interactie 
met studenten als het uitpluizen van 
vakken om ze vervolgens welover-
wogen en met passie over te dragen 
aan studenten, dat is geweldig. Op dit 
moment geef ik weinig colleges, maar ik 
kan als onderwijsdirecteur op een andere 
manier bijdragen aan het onderwijs bij 
natuurkunde, bijvoorbeeld door mee te 
denken over hoe wij over tien jaar ons 
onderwijs denken vorm te geven. Een 
ander accent in het opleiden van bril-
jante studenten, een prachtige baan. 

Een paar jaar geleden is het 
Bacheloronderwijs omgezet 
naar het Engels. Hoe ervaart u 
deze verandering? 
Alles was (red. begin jaren 80) in het 
Nederlands, tot aan het dictaat Magne-
tisme toe. Pas toen je in de Master-
fase stapte, op het moment dat er 
buitenlandse promovendi, studenten 
en gastdocenten langskwamen, 
switchte de taal. In principe was de 
opleiding dus Nederlandstalig.

Toen de Bacheloropleiding een paar jaar 
geleden Engelstalig werd, had ik in het 
begin ook mijn twijfels. Op het moment 
dat je tijdens college vijf minuten lang 
een conceptuele uitleg moet geven, ga 
je heel goed nadenken over de woorden 
die je zegt. Het taalgebruik, die u
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u overdracht, die nuance, dat werkt 
eigenlijk alleen in het Nederlands. Daar 
ben ik inmiddels wel op terugkomen. Het 
Engels gaat uiteraard wel wat gebrek-
kiger (althans voor mij), maar daarom 
doe je juist extra je best om je verhaal 
over te brengen, ondanks het feit dat je 
zinnen wat minder geraffineerd worden. 

We hebben van betrouwbare 
bronnen meegekregen dat u 
een frequent deelnemer bent 
van de grote BuEx. Waar voor 
ervaringen heeft u daaraan 
overgehouden? 
Ik heb in ieder geval drie mooie 
momenten in mijn leven gehad, en dat 
waren de drie BuEx’en: China, India en 
Singapore-Maleisië.  Zo’n reis vergeet 
je nooit! Je bent getuige van een groep 
studenten die zich énorm goed heeft 
voorbereid. En dan hoef je zelf hele-
maal niets te doen als wetenschappelijk 
begeleider, want ze hebben alles tot in de 
details perfect geregeld. Je hoeft alleen 
maar wakker te blijven tijdens excursies 

(wat sommige studenten erg zwaar valt) 
en daarbij inhoudelijke vragen stellen; 
en ’s avonds natuurlijk op stap en bier 
drinken in een compleet andere cultuur. 

"Ik heb in ieder geval 
drie mooie momenten 
in mijn leven gehad, 
de drie BuEx’en."

De reis door China vond plaats in 2001; 
communicatie was nog lastig en ook 
het vervoer binnen het land was nog 
behoorlijk uitdagend voor de organisatie. 
En 9/11 overkwam ons tijdens de reis. 
Met gebrekkig internet, een beetje TV 
en zonder sociale media voel je je ver 
van huis. India blijft me omdat ik er zelf 
voor het eerst was en dat het voor veel 
studenten een behoorlijke cultuurshock 
met zich meebracht. Daarbij komt nog 

kijken dat we een paar dagen heel erg 
ziek zijn geworden vanwege de gebrek-
kige hygiëne. Zo kan ik me herinneren 
dat ik overeind gehouden moest worden 
voor een foto bij de Taj Mahal, jeetje 
wat was ik beroerd. Ook Singapore-
Maleisië was een prachtige ervaring 
met een combi van hightech en weten-
schap en daarnaast de Aziatische cultuur 
en het tropische klimaat, met onder 
andere een meerdaagse excursie door 
de jungle. Daarbij komt ieders karakter 
nadrukkelijk op de voorgrond vanwege 
vermoeidheid, slaapgebrek, en de 
spanning van de jungle. En ook toen, 
tijdens de reis, een gebeurtenis van 
wereldformaat, ditmaal de ramp met 
de vlucht MH17; indrukwekkend om te 
zien hoe de organiserende studenten 
dit oppakken. Al met al, de BuEx’en 
behoren wel tot de absolute hoogte-
punten, met dierbare herinneringen!

—
Door: Pim Keizer & Joep Nieuwdorp 
(redactieleden Van der Waals)

Een fotoimpressie van de grote Buitenlandse Excursie naar India, in 2009. Dan mag volgens het toeristische cliché een foto met Taj Mahal niet ont-

breken, ook niet als je je onwel voelt vanwege de armoedige hygiëne. Lach eens naar het vogeltje. Bron: Henk Swagten.
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INTERVIEW

Why was Koerier stopped and 
the N! started?
"Because N! is better than Koerier, 
according to members of Van der Waals."

Really?
Laughing: "Well, at the start there was 
no intention at all to stop with Koerier, 
which had been around for almost fifty 
years. People attach a lot of value to 
traditions, and this was a good one. It 
started with a desire to only enhance 
Koerier visually. After all, at first sight the 
black-white-and-grayscale Koerier looked 
like it was just printed in the hallway with 
one of our members having spent an 
afternoon designing the graphical layout.

Of course, this wasn’t the case: Koerier 
was printed professionally and a lot of 
work had gone into the styling. But the 
magazine did look outdated compared 
to modern standards and magazines 
of other study associations. People 
felt it was time to take a serious, full-
color, step forwards. They were looking 
for something more professional."

But a visually enhanced 
Koerier is something else 
than N!, right?
"Yes, you could say that one thing 
lead to another, and another…. 
Until there was N!."

Like teaming up with VENI?
"That was certainly a pivotal move. 
Their periodical was in even bigger 
need of a graphical update. With large 
commonalities between their audience 
and our audience, we became logical 
partners. Then, when your audience 

changes, you have to reconsider the 
content. We got rid of some types of 
articles, while we upped our quality 
standards for the remaining kinds. For 
example, Koerier contained many activity 
reports that had a storyline like: "The 
yearly [enter event] took place, we had 
some beers and we had a great time". 
These reports were fun, but mainly 
interesting if you had attended the event. 
In N! we chose not to include activity 
reports that merely described an event. 

For another example: Koerier (as 
well as the first few editions of N!) 
contained a section with quotes from 
members. These were out-of-context 
one-liners, susceptible to being inap-
propriately interpreted and therefore 
funny. The section was loved by many 
and therefore it was non-negotiably 
included at the start of N!. However, 
eventually we realized that it didn’t fit 
into the concept and was dropped."

Were there any other tough 
negotiations?
"Plenty! Like I said, people are attached 
to traditions. When you change an organ 
of the study association that has been 
around for 50 years, expect some resist-
ance. As it turned out, Van der Waals was 
much more conservative than VENI. That 
conservative attitude was most visible 
during our General Assembly, where we 
discussed the direction of the project."

Could you give some examples?
"Many Van der Waals members were 
especially opposed to the name change. 
They saw that most of the other changes 
were fair improvements compared to 

Koerier. But changing the name, what 
purpose could that possibly serve? Of 
course, keeping Koerier as a name of the 
combined magazine of Van der Waals 
and VENI was not acceptable for VENI."

How did you manage to get 
approval to replace Koerier?
"We decided we would make a pilot 
edition. We hoped that once every-
body could see, read and touch the 
end result, that they would realize 
that it was a big step forwards from 
Koerier and the VENI-blad and that 
touchy disputes would then only seem 
minor. This proved to be a successful 
strategy. The pilot was well-received 
and a go was given to replace Koerier."

How do you look back on the 
process of creating N! ?
"With great pleasure. It was a lot of 
fun to draft something new. We had to 
decide on so many things: type of paper, 
graphical design, content, ratio between 
STOOR, VENI and Van der Waals arti-
cles, quality control and the organization 
of the editorial board, name and logo, 
etc. It was very satisfying to physically 
hold the first edition in my hands. It is 
also very rewarding to see that the N! 
has reached its tenth birthday and that 
the original concept has withstood time 
so well. I dug up the pilot edition from 
my attic and compared it to the latest 
N!: the look and feel are nearly iden-
tical. To me, N! doesn’t feel outdated in 
any way. Or am I too conservative?"

—
By: Paul Janssen (first 
editor-in-chief of N!)

Founding father Paul 
Janssen reminisces 
about the early N!
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In this article, four pieces of very noteworthy physics from 
the 1980’s will be honored. For each of these pieces of 
physics, one or more of its researchers have received a Nobel 
Prize, and with good reason. These pieces of physics were 
all ground-breaking and paved the way for many research 
projects up until now, and for many years to come.

Scanning tunneling microscopy
In 1981, Gerd Binnig and Heinrich Rohrer developed the first-
ever scanning tunneling microscope. In 1986, they together 
would receive half of the Nobel Prize in physics for this design. 
The STM works on the principle of the tunneling of electrons 
across the gap between the microscope's very fine tip and the 
surface that is investigated. The tunneling current is determined 
by the size of the gap between the tip and the sample; the 
voltage applied over this gap; and the local density of states of 
the sample. By moving the tip over the surface, the distance 
from the tip to the sample varies, and so does the tunneling 

current. This tunneling current can then be measured and used 
to reconstruct an image of the sample surface. Alternatively, 
the tip can be fixed and the voltage across the gap can be 
varied. This is used to investigate the local density of states. 

Where classical optical microscopes are limited in their 
resolution by the diffraction limit and have a resolution limit 
of around 100 nm at the best, this method of tunneling 
microscopy can achieve a lateral resolution of as little as 0.1 nm 
and a depth resolution of 10 pm. Another advantage over the 
optical telescope is that STM can operate at a wide range of 
temperatures: from near absolute zero to over 1000 K, making it 
useful in a wide range of applications. Using STM, a frame rate 
of at least 25 Hz can be achieved, enabling video STM, allowing 
for time-resolved spectroscopy like in an optical microscope. 
A drawback of the STM is that it requires extreme precision to 
operate properly: the sample surface needs to be very stable, 
the tip needs to be very sharp and a high level of vibration control 
is required, among other factors. Despite these drawbacks, 
STMs have have gained substantial popularity in the scientific 
community for their ability to distinguish individual atoms.

Chirped pulse amplification
A problem with ultrashort pulses, optical pulses with 
durations of the order of picoseconds or less, is that when 
they are amplified to get to the desired power level for many 
applications, they can damage the gain medium or even cause 
back-reflection, possibly damaging the laser components. To 
circumvent this, Gérard Mourou and Donna Strickland developed 
a process called Chirped pulse amplification (CPA), with which 
they succeeded in creating high-intensity ultrashort pulses in 
1985, and for which they received half of the Nobel Prize in 
physics, very recently: in 2018. CPA works on the principle 
of stretching out the laser pulse prior to introducing it to the 
gain medium. The stretched-out pulse can then be amplified 
without damaging the laser components or the gain medium, 
before being recompressed to its original length. This leads 
to peak powers of orders of magnitude higher than can be 
achieved by directly passing the pulses though the gain medium. 
The implementation of CPA also allows the system to create 
high-powered ultrashort pulses to be much more compact. 
Nowadays, CPA is used in all but one high-powered – 100 TW 

Already 40 editions ago, the N! was brought to life and a period of interesting physics 
– and other – articles started. But 40 years ago, another very interesting period began. 
It was the start of the 1980’s. The 80’s brought us a lot of incredible music, as everyone 
is well aware, but it also had a ton of truly marvelous physics. From the discovery of 
fundamental particles to the invention of a completely new kind of microscope, a large 
amount of fascinating physics was conducted and it is most definitely worth honoring. 

Prized physics of the past

STM scanning images (left) and illustrations of the sample structures 

(right). Source: Handbook of Materials Characterisation, Springer.

SCIENCE
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or higher – laser systems in the world. However, CPA does 
not only find its use in the world of scientific research. It is 
also widely used commercially, but not in the form of high-
powered lasers. Instead, many lasers with powers in the order 
tens to hundreds of gigawatts are widely sold commercially 
and are, for example, used for laserhairremoval surgery. 

High-temperature superconductivity
Superconductive phases are those with vanishing electrical 
resistance and expelling magnetic flux fields found in certain 
materials, which is achieved at very low temperatures. To 
achieve such low temperatures requires powerful cooling 
solutions, such as the use of liquid helium. This is a major 
drawback, as helium is quite expensive and this method uses 
high amounts of electricity, making it very costly overall. 
Before 1986, superconductivity was only known to occur at 
temperatures below approximately 20 K. But in 1986, Georg 
Bednorz and Alex Müller discovered that a certain material, 
comprised of copper oxide to which lanthanum and barium 
were added became superconductive at about 35 K. This 
would lay the groundwork of much of the later research in 
high-temperature superconductors, most of which, as of today, 
still primarily consist of copper oxides. These copper-oxide 
superconductors consist of extremely thin layers of the copper 
oxide, with spacing layers in between, in which impurities 
such as lanthanum are inserted. The structure of the copper-
oxide layers is like that of two-dimensional materials, and the 
superconductivity occurs due to electrons moving within the 
weakly coupled oxide layers. Bednorz and Müller received their 
Nobel Prize in physics in 1987 for their monumental discovery. 

In the modern day, copper-oxide superconductors exist 
which will become superconductive around 110 kelvin, or 
-160 degrees Celsius, which is higher than the boiling point 
of nitrogen, meaning they can be cooled using liquid nitrogen 
instead of liquid helium, which is much cheaper and easier to 
achieve. Superconductors have a wide range of applications, 
from generating the high magnetic fields of an MRI machine 
to high-sensitivity particle detectors. The greatest drawback of 
modern-day high-temperature superconductors is the material 
they are made of. They are quite expensive to produce and they 
are brittle. This prohibits their widespread use in commercial 
applications. These high-temperature superconductors 
do find their use in specialist scientific magnets, as the 
wider interval of possible operating temperatures is 
desirable in an increasing amount of scientific research.

W and Z bosons
In 1968 the electroweak theory, a unified theory for describing 
both quantum electrodynamics and the weak nuclear force, 
was published. It postulated the existence of not only the W, 
but also the Z bosons, through which the weak nuclear force 
interacts. The W bosons are involved in beta decay, where a 
highly energetic electron or positron is emitted from the nucleus, 
and have a charge of +1 or -1. The Z boson however, has a 
charge of 0. And it was this Z boson that formed an obstacle 
for this new electroweak theory. Evidence of the existence of 
the W bosons had been observed in the form of beta decay, 
but evidence for the Z boson was not so easy to come by. 

Now the challenge stood: in order to confirm electroweak 
theory, direct evidence of the existence of not only the Z 
boson, but also the W bosons would need to be delivered. 
However, this would prove quite the challenge, seeing as 
very powerful particle accelerators were needed to do so.

At CERN, indirect evidence of the Z boson had already been 
discovered in 1973, where in their large bubble chamber, a 
chamber filled with superheated transparent liquid used to 
detect charged particles, Gargamelle photographs of tracks of 
suddenly moving electrons were made. This was interpreted as 
neutrinos interacting with electrons, which was predicted to take 
place via the exchange of Z bosons. However, this was no direct 
evidence. Actual direct evidence would have to wait for another 
ten years, until finally, in 1983, two experiments that were made 
possible by Carlo Rubbia and Simon van der Meer brought 
the long-awaited breakthrough. These experiments, called 
the Underground Area 1 (UA1) and Underground Area 2 (UA2) 
experiments, were proton-antiproton colliders, placed about 50 
meters underground, which would later also contribute to the 
discoveries of the up and down quarks. In January 1983, under 
these extreme high-energy conditions, finally, unambiguous 
evidence of the W boson was observed. Later that year, in 
May, it was time for the Z boson. With these observations, 
the electroweak theory was confirmed at last. Rubbia and 
Van der Meer would be awarded the Nobel Prize in physics 
one year later, in 1984, for their decisive contribution to these 
discoveries, which led to a far more complete understanding 
of the fundamental forces and the particles that carry them.

As you have seen, by way of four out of many examples, a 
plethora of highly interesting physics was conducted during 
the 1980’s. Many of the Nobel Prizes in the wonderful field 
of physics have been awarded, all the way from the 80’s 
themselves up until 2018, to research done in that wonderful 
era of disco music. But these four Nobel-Prize-winning 
examples can hardly capture the full extent of this interesting 
period in recent physics history, so I highly encourage each 
and every one of our dear and loyal N! readers to do a little 
bit more investigation themselves into the wonderful science 
that laid a big part of the foundation for our science today.

—
By: Yuri Janson (editor Van der Waals)

An artist's rendering of a superconducting cube floating in a magnetic 

field. Source: Awake and Empowered Expo.
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Superposition-state city
Unchaste does not even come close to describing Erwin 
Schrödinger. Whereas many famous physicists’ lives can 
be completely described by their scientific achievements, 
Schrödinger’s life was pockmarked with just as many affairs, 
flings and old flames. Like lover’s bodies the personal and 
the private lives intertwined; such a life is naturally like 
a curio waiting to be examined, and full of surprises. 

Schrödinger’s behavior was certainly reminiscent of his 
birthplace, Vienna. In 1887 the city was akin to a sexual 
Janus: one face prudish, and shown to the public. The other 
boorish and reserved for home. Affairs, so long as they were 
discrete, were expected and tolerated by husband and wife 

alike. This mindset seemed to have percolated into young 
Schrödinger’s head and for most his life open affairs would 
be commonplace. At first though, Schrödinger’s relationships 
were monogamous – in 1920 he even happily married 
Annemarie Bertel (Anny for short). The couple moved to 
Zürich where Schrödinger took a job as full professorship.

The many-girlfriends interpretation of quantum 
mechanics
In Switzerland the newlyweds quickly found their nuptials 
under tension. Arguably Schrödinger's most well-known 
achievement, the eponymous Schrödinger equation, was 
conceived during one such episode. Inviting an old girlfriend, 
Schrödinger headed off to the Swiss Alps (without Anny). What 
followed was a 'happy girlfriend' – quote – and six papers that 
laid the foundations for the wave-mechanical interpretation 
of quantum physics. Easier to work with and to visualize than 
Heisenberg's preceding matrix formulation, Schrödinger's 
papers came to be known as one of the most important in 
modern physics and would eventually net him the Nobel Prize.

 

"The city was akin to a sexual 
Janus: one face prudish, the 
other boorish."

His increased prestige put Schrödinger under the eyes 
of the well-to-do and in 1926 he was hired to tutor the 
14-year old Ithi Junger. The tutoring sessions were often 

The physics superstar Erwin Schrödinger is 
known to many for penning the eponymous 
Schrödinger Equation that kick-started 
modern quantum physics. Unknown to many 
is his raunchy sex life that, on occasion, even 
led his professional life astray…

Fancy a
foursome?
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Hilde March. Source: Schrödinger, 

Walter Moore

Portraits
The portraits shows 
a selection of Schrö-
dinger's girlfriends. 

Keyword here is 
selection, as the actual 
list is significantly longer!

For a more 
extensive retelling 
of Schrödinger's life, 
consider Schrodinger, 
life and thought by 
Walter Moore.
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rather physical, but Schrödinger only started his conquest 
in earnest when Ithi became sixteen. Ithi promptly became 
pregnant. Not soon after Erwin lost interest. Gone was 
his pure nymphet. A suitable replacement arrived in the 
form of Hildegunde (Hilde) March, who, unfortunately, 
was already married to a fellow scientist, Arthur March. 

Entangled marriages
Almost as complex as Schrödinger’s sex life was Europe’s 
political landscape. Hitler had slipped into power and 
Schrödinger was forced to leave to Oxford, for he was 
an outspoken critic of the Nazis’ antisemitism. Erwin 
took Hilde with him and on their way to England Hilde 
became pregnant with Schrödinger's child. Remarkably, 
Arthur March was not uncomfortable with this and even 
Anny was on good terms with Hilde. In fact, Erwin, 
Anny and Hilde all lived together in the same house in 
Oxford, as Arthur stayed behind in mainland Europe.
Hilde gave birth to Schrödinger's first daughter: Ruth 
Géorgie Erica - Erica being the name of another one of his 
more recent mistresses. As is usual following a pregnancy, 
Schrödinger's interest in Hilde gradually waned, and he 
became focused on an old friend from Vienna who had fled 
to London: Hansi Bauer-Bohm. In 1935 they became lovers.

Shortly after, Schrödinger had enough of Oxford (or 
rather, Oxford had enough of him): his personal situation 
was too often scrutinized. So, Schrödinger, together 
with Anny, Hansi, Hilde and his daughter Ruth, left.

Homeland of the Hamiltonian
On personal invitation of Ireland's prime minister, a 
mathematician, Schrödinger found a job at the Institute of 
Advanced Studies in Dublin. Not two years had passed in 
Ireland when Schrödinger traded Hansi for a new plaything.

Sheila May Greene was a formidable woman: politically active 
and an actress (oh, and married too, lest we forget). Whereas 

with Hansi Schrödinger had written "They have provided for 
my life’s happiness and their own distress. Such is life.", Sheila 
evoked no such reaction. Erwin felt she was almost an equal. 
Formidable or not, she too became pregnant and she too was 
left by Erwin. Her husband, David Greene, raised Schrödinger's 
child as his own, even after having divorced Sheila. 

"Erwin, Anny and Hilde all 
lived together in the same 
house in Oxford."

Hilde, although no longer romantically involved, was still close 
to Erwin. She introduced him to Kate Nolan (pseudonym) 
and, of course, Schrödinger fell in love. Predictably, Kate 
became pregnant and in 1946 Erwin's third and final daughter 
was born: Linda Mary Therese. History tells us what would 
happen next: the couple split. This time though, Anny and 
Schrödinger took care of the baby and Erwin was often 
seen doting on her. Alas, Kate had spirit and in 1948, just 
before the Schrödingers could legally adopt the baby, Kate 
abducted her. Erwin would never see his child again.

Collapse of the matter wave
On this sour note ends Schrödinger’s last, serious relationship. 
Already pushing 60, Schrödinger continued to work in 
Dublin until 1956, when he returned to his hometown of 
Vienna. And where his life began it also ended. Schrödinger 
died on January 4, 1961, aged 73 and left in his wake 
a slew of broken relationships. Yet, reportedly his last 
words were "Annichen, Du bleibst bei mir, – auf das ich 
nicht hinunter stürze" (Annikin, stay with me – so that I 
don’t crash), so perhaps he had one true love after all.
—
By: Kees Mommers (editor Van der Waals)

Annemarie Bertel (left) and Ithi Junger (right). Source: Schrödinger, 

Walter Moore

Hansi Bauer-Bohm (left) and Sheila May Greene (right). Source: Schrö-

dinger, Walter Moore
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SCIENCE

Halo: an optical phenomenon 
or inspiration for scientific 
discoveries? 
I bet that, every now and then, you wonder about questions that have always been a mystery 
for humanity, such as “how was the universe created?” and “is there intelligent alien life?” 
As science develops and humans explore the universe further, we raise more sophisticated 
questions, for instance, “what is dark matter?”; as we go on, more mysteries become clear, yet 
when science gives us an answer, it often leaves us with more questions. Quantum theory, for 
example, clarifies natural phenomena at the microscopic scale, but raises new doubts too.

The twentieth century was rich with new discoveries that, 
even today, still blow our minds. Yet, how did this happen? 
Most of the time genuine curiosity and a series of seem-
ingly unrelated events can bring one to a groundbreaking 
discovery. Speaking of quantum theory, nowadays Schröding-
er’s cat, made up to criticize the Copenhagen interpretation 
of quantum mechanics, would never be common knowl-
edge if we wouldn’t even know what an electron is. Today 
it is something that is taught to teenagers in school, while 
a century ago electrons did not even have a name yet. How 
was life before we knew what an electron was? What lead to 
its discovery? Well, let me show you how a British scientist 
changed the whole world of physics with his invention called 
Crookes' tube; how another very curious physicist made a 
discovery, which he should be thankful for to his student.

In 1878 Crookes constructed a near-perfect vacuum tube 
with two electrodes: a positive and a negative one. A basic 
diagram of the famous tube is shown in figure 1. Once the 
current was switched on, the glass walls of the tube became 
fluorescent. The fluorescence came from the cathode, the 

negative electrode. Crookes discovered that the rays would 
bend in the magnetic field, which meant the rays were not 
pure light, though they were neither gas, liquid or solid.

A couple of years later, in 1897, J. J. Thomson was researching 
the question raised by William Crookes: what made the rays 
in the cathode-ray tube respond to a magnetic field? After 
playing with the tube design and varying all the possible param-
eters, Thomson hypothesized that cathode rays are actually 
charged particles that are moving with high velocities. On 
top of that, he proposed that the size of the carriers must be 
small compared to the dimensions of ordinary atoms or mole-
cules. Another two years later he added that “electrification 
essentially involves the splitting up of the atom, a part of the 
mass of the atom getting free and becoming detached from 

Figure 2: Photo of a 22° halo. Source: see-photography.co.uk.

Figure 1: Diagram showing a Crookes' tube circuit. Source: https://

en.wikipedia.org/wiki/Crookes_tube.
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Figure 4: Pathway of light through a hexagonal prism in the optimal angle 

resulting in minimum deviation.

the original atom.” This statement was revolutionary at that 
time since it was known that an atom is a unified particle. In 
fact, what Thomson discovered were the negative particles of 
electricity, which, once stripped from the atom, provided the 
means for transmitting electric energy. First, he called them 
‘corpuscles’, which comes from Latin, meaning “small body”. 
This soon changed to the modern nomenclature: electron. 

Now, the cathode ray is known as electron beam. The 
discovery of the electron brought a new perspective to the 
understanding of matter. Up until the 19th century atoms 
were thought to be indivisible units. Thomson went on with 
his research to discover the ratio of an electron’s charge 
to its mass. The discovered mass of 10-27 grams lead to a 
problem: observing the electron. Yet, in order to prove the 
existence of the electron, a way to observe it had to be found. 

Now C.T.R. Wilson came into play. He was a research student 
of Thomson. Wilson started off as a meteorologist while 
he was working at a Scottish weather station. His obser-
vations of sun halos (figure 2) and glories (figure 3) inspired 
him to build a device for creating clouds in the laboratory, 
so that he could make a synthetic, small-scale halo. 

A halo is an optical phenomenon (not to be confused with the 
SVTN “J.D. Van der Waals” sorority currently in formation) 
produced by light refracting in the ice crystals. Halos can have 
many forms: rings, arcs or just spots in the sky. The best-known 
halo is a circular 22° halo. To form such a circular rainbow 
the light must pass through a 60° apex angle of a prism - in 
this case the ice. The apex angle is the line in which the two 
surfaces of the ice crystal prism meet. In the case of a halo, 
the prisms are hexagonal ice crystals suspended in the atmos-
phere. Once the light beam enters the hexagonal prism, it is 
deflected twice; this process is illustrated in figure 4. The angle 
of minimum deviation, ranging between 21.54° for red light 
and 22.37° for blue light, causes the inner edge of the formed 
circle to be reddish while the outer edge is bluish. Next to that, 
no light is reflected towards the inside of the ring, leaving the 
sky inside the halo noticeably darker than the sky around it. 

It is said that, to form halos, the hexagonal ice crystals are 
randomly oriented in columns. However, this explanation 
raises problems, such as that the aerodynamic properties of 

such crystals leads them to be oriented horizontally rather 
than randomly. There is some discussion on this topic going 
on to this day. One of the proposed alternative explana-
tions, for example, involves bullet-shaped ice columns.

Glories, shown in figure 3, are often mistaken for 
halos. However, a glory is formed by a different phys-
ical process. Glories are caused by the light inter-
fering with water droplets rather than ice crystals. 
Also, glories have a much smaller ring diameter. 

Not to mention, like halos, there is still ongoing debate on 
the formation of glories. The most recent theory explaining 
glories, proposed by Brazilian physicist Nussenzveig, 
suggests that the origin of the light energy beamed back 
by a glory is an interaction between an evanescent light 
wave traveling along the surface of the drop and the waves 
inside the drop, known as classical wave tunneling. 

Interestingly, back when halos were not yet scientifically 
explained, they were used to predict coming storms, since 
circular halos often appear when the sky is covered by cirro-
stratus clouds. The discovery of the halo by Wilson was 
the starting point for his development of an apparatus in 
which moisture contained in air condensed around micro-
scopic dust particles when the air was suddenly cooled 
by expansion. This effect is the result of adiabatic expan-
sion, which can be explained Boyle’s law. While working 
on the chamber, Wilson discovered that ions could act as 
centers for water droplet formation in such chambers. 

This apparatus, the cloud chamber, was used by Thomson 
in 1899 to produce a stream of electrons, which ionized 
the vapor to an extent that could be accurately recorded. 
This made it possible to derive the charge of a single 
electron. Interesting to point out how an achievement 
of Thomson’s apprentice has given Thomson himself a 
chance to revolutionize our understanding of an atom.

The cloud chamber symbolizes the first critical step in recording 
subatomic phenomena and earned Wilson a Nobel Prize 
in 1927. It is impressive how halos have spurred scientific 
progress, despite not being understood well. Even though 
now we do not know the true origin of halos and glories 
they are still important to the discoveries of physics. 
—
By: Derya Kalafat (editor Van der Waals)

Figure 3: Photo of a glory on the clouds. Source: Wikimedia Commons, 

user: ThaliaTraianou.
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Let us first go into more detail on the discovery of exoplanets, 
before we will discuss the other half of the prize awarded for 
the theoretical framework of James Peebles. Michel Mayor 
and Didier Queloz announced their sensational discovery of 
51 Pegasi b at an astronomy conference in Florence, Italy, on 
6 October 1995. It was the first planet proven to be orbiting 
a solar-type star. The planet moves rapidly around its star, 51 
Pegasi, which is 50 light years from the Earth. It takes four 
days to complete its orbit, which means that its path is close 
to the star – only eight million kilometres from it. Things are 
considerably calmer on Earth, which has a year-long orbit 
around the Sun at a distance of 150 million kilometres. 

Looking in the wrong place
The newly discovered planet also turned out to be surprisingly 
large – a gaseous ball that is comparable to the solar system’s 
biggest gas giant, Jupiter. Compared to the Earth, Jupiter’s 
volume is 1,300 times greater and it weighs 300 times as much. 
According to previous ideas about how planetary systems are 
formed, Jupiter-sized planets should have been created far from 
their host stars, and consequently take a long time to orbit them. 
Jupiter takes almost 12 years to complete one circuit of the Sun, 
so 51 Pegasi b’s short orbital period was a complete surprise to 
exoplanet hunters. They had been looking in the wrong place. 

"51 Pegasi b’s short orbital 
period was a complete surprise 
to exoplanet hunters."

Almost immediately after this revelation, two American 
astronomers, Paul Butler and Geofrey Marcy, turned their 

telescope towards the star 51 Pegasi and were soon able 
to confirm Mayor and Queloz’s revolutionary discovery. 
Just a few months later they found two new exoplanets 
orbiting solar-type stars. Their short orbital periods were 
handy for astronomers, who did not need to wait months 
or years to see an exoplanet orbit its sun. Now they had 
time to watch the planets take one lap after another.

How do you measure the orbit of such a planet light years 
away, you may wonder? It is all based on the principle of the 
well-known Doppler effect, which you can use to measure 
radial velocity of the host star with respect to the planet that 
orbits it. The principle is shown in figure 1. If the inclination 
angle i is 0 degrees, the plane of the orbit is parallel to the sky, 
“face-on”, which means that the observer on Earth sees the 
orbit face-on and no Doppler shift occurs. The other extreme is 
an “edge-on” observation (i = 90 degrees), in which case the 
planetary mass can be determined directly from the Doppler 
shifts. In general, because the inclination angle is unknown, 
only Mplanet × sin (i) can be determined, setting a lower limit to 
the mass of the planet. Somebody monitoring our Solar System 
from a distance would observe a radial velocity change of ±13 
m/s of the Sun over 12 years, owing to the orbital motion of 
Jupiter around the Sun. This imposes severe challenges on 
any observational instrument, not least of which is to ensure 
that it is extremely stable, say ≤ 2 m/s, over several years.

The first exoplanet
In the early 1990s, when Didier Queloz started his research 
career at the University of Geneva, Michel Mayor had already 
spent many years studying the movement of the stars, 
constructing his own measuring instruments with the help 
of other researchers. In 1977, Mayor was able to mount his 
very first spectrograph on a telescope at the Haute-Provence 
Observatory, 100 km northeast of Marseille. This allowed 

Physics Nobel Prize 2019
This year’s Nobel Prize has been awarded to three gentlemen who 
helped significantly in the understanding our universe structure 
and history. Half of the prize has been given to James Peebles, 
a professor of Princeton University. During two decades he 
developed a new framework that helps in understanding of our 
galaxy; from the Big Bang to the present day. The other half of the 
prize was given to Michel Mayor and Didier Queloz. Exploring our 
own galaxy, the Milky Way, they discovered the first planet outside 
of our solar system. This article will give a background on these 
discoveries and their relevance for the scientific world. 
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a lower limit of velocities around 300 m/s, but this was still 
too high to see a planet pulling on its star. Along with the 
research group, doctoral student Didier Queloz was asked to 
develop new methods for more precise measurements. They 
utilised numerous new technologies that made it possible 
to look rapidly at many stars and analyse the results on site. 
Optical fibres could carry the starlight to the spectrograph 
without distorting it and better digital image sensors, CCDs, 
increased the machine’s light sensitivity (Nobel Prize in Physics 
2009 to Charles Kao, Willard Boyle and George Smith). More 
powerful computers allowed scientists to develop custom-
made software for digital image and data processing. 

When the new spectrograph was finished in the spring of 1994, 
the necessary velocity sank to 10–15 m/s and the first discovery 
of an exoplanet was fast approaching. At that time, the search 
for exoplanets was not part of mainstream astronomy, but Mayor 
and Queloz had decided to announce their discovery. They 
spent several months refining their results and, in October 1995, 
they were ready to present their very first planet to the world. 

The first discovery of an exoplanet orbiting a solar-type star 
started a revolution in astronomy. Thousands of unknown new 
worlds have been revealed. New planetary systems are now 
not only being discovered by telescopes on Earth, but also from 
satellites. TESS, an American space telescope, is currently 
scanning more than 200,000 of the stars closest to us, hunting 

for Earth-like planets. Previously, the Kepler Space Telescope 
had brought rich rewards, finding more than 2,300 exoplanets. 

"The exoplanets so far 
discovered have surprised us 
with an astounding variety of 
forms, sizes and orbits."

The exoplanets discovered so far have surprised us with 
an astounding variety of forms, sizes and orbits. They 
have challenged our preconceived ideas about planetary 
systems and forced researchers to revise their theories 
about the physical processes responsible for the birth of 
planets. With numerous projects planned to start searching 
for exoplanets, we may eventually find an answer to the 
eternal question of whether other life is out there.

The birth of Physical Cosmology
Now back to the other winner of the Nobel Prize, James 
Peebles. For this we have to go back to the 1960s. In this 
decade a foundation was laid that would shift cosmology from 
speculation to science. The key person in this transition was u
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Figure 1: An explanation of how to find exoplanets. Source: Johan Jarnestad/The Royal Swedish Academy of Sciences.
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u James Peebles, whose decisive discoveries put cosmology 
firmly on the scientific map, enriching the entire field of research.

His first book, Physical Cosmology (1971), inspired a whole 
new generation of physicists to contribute to the subject’s 
development, not only through theoretical considerations 
but with observations and measurements. To understand 
the significance of Peebles' contributions we have to go 
back to the early 1900s. Einstein derived from his general 
relativity equations that would describe the energy density 
of the universe. He suggested a stationary and eternal 
universe based on his assumptions. But in the 1920s 
astronomers discovered that all galaxies are moving away 
from each other and from us. The universe is growing. We 
now know that the universe of today is different to that 
of yesterday and that it will be different tomorrow. What 
the astronomers saw in the sky had actually already been 
predicted by Albert Einstein’s general theory. When Einstein 
discovered that the theory led to the conclusion that the 
universe is collapsing, he added a constant to his equations 
(the cosmological constant) that would counterbalance 
the effects of gravity and make the universe stand still. 

Over a decade later, once the universe’s expansion had 
been observed, this constant was no longer necessary. 
Einstein regarded this as his life’s biggest blunder. Little 
did he know that the cosmological constant would make 
a magnificent return to cosmology in the 1980s, not 
least through the contributions of James Peebles. 

The universe’s expansion means that it was once much denser 
and hotter. In the mid-20th century, its birth was named the Big 
Bang. The early universe was full of a compact, hot and opaque 
particle soup in which light particles, photons, just bounced 
around. It took almost 400,000 years for expansion to cool 
this primordial soup to a few thousand degrees Celsius. The 
original particles were able to combine, forming a transparent 
gas that primarily consisted of hydrogen and helium atoms. 
Photons now began to move freely and light was able to 
travel through space. These first rays still fill the cosmos – this 

is what we call the cosmic background radiation. Together 
with several other scientist Peebles was on the forefront of 
developing a theory for the cosmic background radiation. 

Fluctuations in the background radation
The next step was observing this radiation. The glow from 
the birth of the universe was first captured by chance, in 
1964, by two American radio astronomers: the 1978 Nobel 
Laureates Arno Penzias and Robert Wilson. They could not 
get rid of the constant “noise” that their antenna picked up 
from everywhere in space, so they looked for an explanation 
in the work of other researchers, including James Peebles, 
who had made theoretical calculations of this omnipresent 
background radiation. After almost 14 billion years, its 
temperature has dropped close to absolute zero (–273°C). 

Another major breakthrough came when Peebles realized 
that the radiation’s temperature could provide information 
about how much matter was created in the Big Bang, and 
understood that the release of this light played a decisive 
role in how matter could later clump up to form the 
galaxies and galaxy clusters that we now see in space. 

To understand this we need to consider anisotropies in the 
background radiation. Without these anisotropies, the cosmos 
would have cooled from a hot ball of free to a cold and uniform 
emptiness. We know that this did not happen, that space is full 
of galaxies, often gathered in galaxy clusters. The idea proposed 
by several scientists was that initial fluctuations in the density 
will lead to propagating acoustic waves in the hot plasma of 
coupled photons and baryons just after the Big Bang, which in 
turn will leave an imprint in the cosmic background radiation. 

A breakthrough in the understanding of the acoustic waves, 
and the peaks they cause in the power spectrum of the 
background radation, came through the works of Rashid 
Sunyaev and Yakov Zeldovich as well as of Peebles and Jer 
Yu. In a paper, they worked out power spectra of density 
fluctuations for different cosmological parameters. In 
particular, they presented the curve shown in figure 2, which is 
remarkably similar to the actual measurements by the Planck 
satellite in figure 3, obtained more than four decades later.

Figure 2: Power spectrum for a flat universe according to Peebles and 

Yu, showing the acoustic peaks. 

Figure 3: Anisotropies in the temperature of the background radation as 

measured by the Planck satellite. The acoustic peaks are clearly visible.
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The winners
Exactly as predicted, the background radiation’s otherwise 
even temperature varied by one hundred-thousandth of 
a degree due to these acoustic waves. With increasing 
precision, the theoretical calculations of the matter 
and energy contained in the universe were confirmed, 
with the majority of it, 95 per cent, invisible to us. 

The missing part of the universe
Since the 1930s, we have known that all we can see is not all 
there is. Measurements of galaxies’ rotational speeds indicated 
that they must be held together by gravity from invisible matter, 
otherwise they would be torn apart. It was also thought that this 
dark matter played an important role in the origin of galaxies, 
long before the primordial soup relaxed its hold on the photons. 

The composition of dark matter remains one of cosmology’s 
greatest mysteries. Scientists long believed that already-
known neutrinos could constitute this dark matter, but the 
unimaginable numbers of low-mass neutrinos that cross space 
at almost the speed of light are far too fast to help hold matter 
together. Instead, in 1982, Peebles proposed that heavy and 
slow particles of cold dark matter could do the job. We are 
still searching for these unknown particles of cold dark matter, 
which avoid interacting with already known matter and comprise 
26 per cent of the cosmos. According to Einstein’s theory of 
general relativity, the geometry of space is interconnected with 
gravity – the more mass and energy the universe contains, the 
more curved space becomes. At a critical value of mass and 
energy the universe does not curve. This type of universe, in 
which two parallel lines will never cross, is usually called flat. 

Two other options are a universe with too little matter, which 
leads to an open universe in which parallel lines eventually 
diverge, or a closed universe with too much matter, in 
which parallel lines will ultimately cross. Measurements 
of cosmic background radiation, as well as theoretical 
considerations, provided a clear answer – the universe is 
flat. However, the matter it contains is only enough for 31 
per cent of the critical value, of which 5 per cent is ordinary 
matter and 26 per cent is dark matter. Most of it, 69 per 
cent, was missing. James Peebles once again provided a 
radical solution. In 1984, he contributed to reviving Einstein’s 
cosmological constant, which is the energy of empty space. 
This has been named dark energy and fills 69 per cent 
of the cosmos. Along with cold dark matter and ordinary 
matter, it is enough to support the idea of a flat universe. 

Dark energy remained just a theory for 14 years, until the 
universe’s accelerating expansion was discovered in 1998 
(Nobel Prize in Physics 2011 to Saul Perlmutter, Brian Schmidt 
and Adam Riess). Something other than matter must be 
responsible for the increasingly rapid expansion – an unknown 
dark energy is pushing it. Suddenly, this theoretical addendum 
became a reality that could be observed in the sky. Both dark 
matter and dark energy are now among the greatest mysteries 
in cosmology. They only make themselves known through 
the impact they have on their surroundings – one pulls, the 
other pushes. Otherwise, not much is known about them. 

We have now discussed both halves of the Nobel Prize, 
both of which brought significant advancements in 
the field of cosmology and our understanding of the 
universe. Let us see if next year’s Nobel Prize will also 
be awarded to something of this scale? In any case, we 
will tell you about it in a future edition of the N!.

—
By: Guus Vermijs (editor VENI)

Want to know more?
This article is based on the official background articles 
published by the The Royal Swedish Academy of 
Sciences. You can find them via: https://www.
nobelprize.org/prizes/physics/2019/press-release/

James Peebles, born 1935 
in Winnipeg, Canada. 

Ph.D. 1962 from Princeton 
University, USA. Albert 
Einstein Professor of 
Science at Princeton 
University, USA.

Michel Mayor, born 1942 
in Lausanne, Switzerland. 

Ph.D. 1971 from University 
of Geneva, Switzerland. 
Professor at University 
of Geneva, Switzerland.

Didier Queloz, born 1966 
in Geneva, Switzerland. 
Ph.D. 1995 from University 
of Geneva, Switzerland. 

Professor at University 
of Geneva, Switzer-
land and University 
of Cambridge, UK.
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That is how I envision the day when NASA’s Artemis program 
fulfills its ambition of going back to the Moon. My parents were 
between the age of 5 and 10 when NASA succeeded in bringing 
human beings to the lunar surface. As of December 14th, 1972, 
the Moon hasn’t had human contact again, but that’s about to 
change. The Artemis program was initiated in 2017 but was 
caught up by the mainstream media on May 14th, 2019 – fifty 
years after the first Moon landing – when NASA presented an 
ominous video called “We Are Going”. NASA’s message was 
clear: we're back in business and we're better than ever before. 
In this article, I will explain NASA’s plans for the coming decade 
on a turning point that is also special to our beloved magazine!

Meet Apollo's sister, Artemis
NASA recently revealed their plans for the first half of the 
coming decade, which are very ambitious (figure 1). Regardless 
of your opinion of him, none other than President Trump is to 

NASA 2020
SCIENCE

It’s a cold rainy day. I imagine my mom telling me 
that I should’ve worn a different jacket, or brought an 
umbrella, because all the time I spent doing my hair has 
gone to waste. I couldn’t care less. I enter a bar with a smile 
that does not resemble the bad weather at all. The barmaid greets 
me but my headphones ensure she is left without a response; I care 
about the phone in my hands. At the back of the bar I join a table with 
four like-minded souls: drenched, a bit unkempt and tensely focused 
on their phone screens too. “Hey man, are you watching already? It’ll 
happen in fifteen minutes!” I nod excitedly. As the time passes, our joy 
increases, and after fifteen minutes we scream in tandem: “We did it! 
We landed on the Moon!” It’s been 52 years.

Figure 1: A timeline of NASA's Artemis project, starting a lunar surface 

ecosystem and preparing mankind for the 6-month journey to Mars. 

Credit: NASA, https://www.nasa.gov/specials/artemis/.
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be thanked that these plans could happen in the first place. 
Probably not because he gets a thrill out of space exploration 
but rather to be able to stick in people’s faces that ‘he’ managed 
to put people on the Moon. Be that as it may, he signed the 
Space Policy Directive 1, "[…] a change in the national space 
policy that provides for a U.S.-led, integrated program with 
private sector partners for a human return to the Moon, 
followed by missions to Mars and beyond.” A good thing, 
considering that more and more companies in the private sector 
are literally shooting for the Moon these days. More importantly, 
it meant that NASA could work on a program that would allow 
humans to return to the Moon in preparation for deep space 
travel. Named after the twin sister of Apollo, the Artemis 
program consists of numerous technological developments 
that will allow for countless experiments and insights in outer 
space. Most notably, the development of a new rocket, the 
Space Launch System (SLS). The largest variation of this SLS is 
a lot more powerful and exactly 1 inch larger than Saturn V, the 
rocket used during the Apollo program. I’d love to think of these 
features as being one of President Trump's prime demands 
when he was negotiating the space program (“Alright I know 
it’s been done before; just make sure the rocket is bigger and 
more… like… more flamy on the bottom”).

SLS will be the primary launch vehicle for Orion, a new crew 
module that will carry four astronauts and has a tower launch 
escape system. In the event of an emergency before, during or 
just after lift-off, the crew module can be saved by this system 
like a jet fighter’s ejection seat. 

The journey to the Moon only takes 3 days and is similar to the 
journeys during the Apollo program, but upon arrival at the Moon 
the large difference between Apollo and Artemis become visible.
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For the Apollo missions, the goal has always been to travel to 
the Moon, perform certain experiments, plant an American flag 
and return to Earth safely. The Apollo crew module therefore had 
to be equipped with a constrained lunar lander and served as an 
expendable lunar command module. For the Artemis program, 
however, the goal is for humans to stay close to the Moon at all 
times. First and foremost, a project called Gateway will launch 
prior to the first manned mission to the Moon. Gateway essen-
tially will become the Moon’s own International Space Station, 
orbiting the Moon in a rather particular but stable elliptical orbit. 
Gateway will allow for the docking of the Orion module and the 
pre-staging of a robust lunar lander prior to manned missions. 
Next to that it provides access to future cooperation and mission 
initiatives, solidifying the intentions for long-term presence on 
the lunar surface. Gateway is able to adjust its orbit to allow 
access to every part of the Moon, something the Apollo mis-
sions failed to realize. Through this system of operations, NASA 
is realizing a sustainable and durable path towards future space 
exploration. Artemis' step 1 can be seen in figure 2.

Shooting beyond the Moon
Artemis might be the most exciting project that NASA is working 
on, but by far not the only one. A different project concerning the 
Moon is called VIPER. The VIPER is a lunar rover by NASA which 
will be tasked with prospecting for lunar resources in perma-
nently shadowed areas in the lunar south pole region, especially 
by mapping the distribution and concentration of water ice. The 
search for water is not driven by hope to find extraterrestrial 
life – as is oftentimes the case – but is instead driven by hope 
to find useful resources to harvest. For example, water ice can 
be mined for conversion into hydrogen and oxygen fuel. Anoth-
er NASA project that will start this year is the deployment of a 

Figure 2: The trajectory for Artemis I, scheduled for November 2020. In total, the Orion crew module will travel over 2 million kilometers in roughly a 

month time, entering Earth's atmosphere at a staggering 40,000 km/h. Source: NASA, https://www.nasa.gov/image-feature/artemis-i-map

new Mars rover. The rover is based on its predecessor Curiosity, 
which landed in August 2012. Although NASA originally planned 
to operate the rover for only two years, Curiosity is still active at 
this moment. The new 2020 rover will be equipped with differ-
ent tools compared to its predecessor and will be tasked with 
four goals. Three of them are to determine whether microbial life 
has ever existed on Mars, the other goal is to prepare the arrival 
of humans on Mars in the future. Unlike Curiosity, the rover will 
not land on Mars directly from entering its atmosphere, but it 
will be dropped by a drone hovering above the Mars surface. At 
least, that's the plan. The yet-to-be-named rover is scheduled 
to launch July 17th, 2020 and will land on Mars on February 18th, 
2021. Earth and Mars will be in the proper positions to enable a 
direct interplanetary journey only from July 17th until August 5th; 
missing this window could jeopardize the mission.

"More and more companies in 
the private sector are literally 
shooting for the Moon these days."

I'm sure that I will witness a Moon landing in my life. Knowing 
NASA's rich history of postponements, it might take some more 
years before it all happens, but an American flag is destined 
to be placed on the Moon this decade. Mars is next. I hope 
I'll be sitting in a bar celebrating it with friends every time!

—
By: Joep Nieuwdorp (editor Van der Waals)
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00110100 00110000 
01110100 01101000 
00100000 01001110 
00100001
Yes it is indeed the 40th N!, ten years and 10nd lustrum. This is a perfect example of why we don’t 
communicate in binary. However, this is still the basic language that virtually all electronics use. This 
is the reason a lot of arbitrary things are limited by a binary amount. For example: the height limit to 
which you can build in Minecraft is 256 blocks, Whatsapp has a maximum of 256 participants for a 
single group app, or being able to count to 31 on one hand (I will actually do this if you ask me).

Binary basics
The basics of binary is that each digit represents a power of 
2. The first being 20 or 1, the second 2, third 4, etc. If you then 
want to know what number is being represented you do the 
following: you add the represented numbers together if they're 
a one. An example: 10011 would be, 1 plus 2 plus 16 equals 
19. This is not very different from counting in base ten, you 
know, what we normally use. Except each digit represents 
a power of ten and the digits range from zero to nine.

But why do you count from left to right in binary and not 
from right to left like a normal person? Well you could; it’s 
just more difficult, since you would first need to know the 
number of bits, and there are some complications with 
the leftmost digit. But more on that later. It is mainly the 
last part that makes it difficult though. This right to left 
and left to right is making me dizzy so: to avoid any future 
confusion, I’ll refer to the rightmost digit as the first digit. 

You might say this is great and all but where is the fun in this? 
Some might find joy when everything goes perfectly as planned. 
However more joy can be had through schadenfreude. So let’s 
see how a system as simple as basic binary can go wrong. 

Swiss wheels rolling over
Well a problem can arise by a ‘roll-over’. Such a roll-over occurs 
when counting up till all digits are 1 and then adding another 1, 
then all digits will roll to all zeros. The opposite happens when 
you keep subtracting 1 A great example of this roll-over is the 
train tracking system that is used in Switzerland. For some 

reason the Swiss want to track the trains that traverse the 
neutral territory of the beautiful mountains. Probably to check 
whether no Toblerone is being smuggled out of the country. This 
tracking system uses pressure sensors that count the amount of 
wheels that roll over it. This system only has 8 bits of memory, 
which means that it can only count up until 255 before it will 
roll-over. The 256th wheel will cause the roll-over resulting in 8 
zeros in the memory. Therefore, no trains that have 256 axles 
are allowed in Switzerland. These trains will leave no trail on 
the tracking system, as if it was never there. 257 axles would 
be allowed, although the system would have effectively have 
counted one axle. We know this is not the case, even though 
a train that balances on one axle would not only look hilarious, 
but would also be a tremendous balancing achievement.

Y2K
Most students will be too young to remember what occurred 
during Y2K. This reflects  the fear of all computing technology 
breaking down during new year’s eve in 1999. Computer 
engineers discovered that most computing technology only 
checked the last two digits of the year. So a computer would 
only know 97 in the year 1997. The fear was that a roll over 
would occur when the 99 will become 00 and computers 
would think it is 1900. This was first found out when some 
ATM machines would reject new cards in 1995. The cards 
were valid for 5 years and thus caused the roll-over to 
happen, displaying the message that the card was invalid. 

As you could imagine chaos ensued. People started panicking, 
some even went as far as to get ensured for the event. 

34 | N! February 2020



Others just turned off their computer. In the end not much 
happened. Some systems showed the year to be 19100, and 
some transactions failed. The NOS broadcasted the news 
with the date January 1st 1900; this was on purpose though. 

Don’t worry if you were too young to experience this chaos. 
Because the end is nigh, and by nigh I mean January 13th 2038 
at 03:14:07 AM. Why, you ask? Because then time runs out. 
Unix time that is. Unix is a 32-bit time system that just counts. 
Every second 1 gets added. It started counting on the first of 
January 1970 at midnight, this is also referred to as the Unix 
epoch. When this 32-bit system reaches its maximum it will roll 
over to the thirteenth of December 1901 20:45:52 PM. But wait? 
Why doesn’t it roll back to the 70’s? Well, sometimes you need 
to enter a date or what have you that occurred in the past, think 
of your date of birth. These numbers are the negative numbers. 

“A train balancing on one 
axle would look hilarious.” 

Luckily most new systems are 64-bit. If you want to wait 
for the chaotic roll over that ensues with those systems 
you’ll have to wait a bit. Because this will only happen in 
the year 292,277,026,596. Or after the heat death of the 
universe, at least we’ll know exactly when it happens. 

Complementary complicated binary calculations 
To keep adding or subtracting 1 is very boring, so what if 
you want to do operations with larger numbers? Adding 
binary numbers is quite easy. For example adding 0110 
and 0011. What you would do is add each column, two 
zeros will stay zero, a zero and a one will become a one, 
two ones will become a zero and add a 1 to the column 
left to it. So in our example this would become, 1001. It 
can occur that adding two large numbers results in a roll-
over, however this doesn’t often result in a row of zeros.

Subtracting two binary numbers is a bit more difficult. 
What is most commonly used is something called ‘the 
complement’. The complement is the inverse of the number 
you want to subtract. When you use the complement, you 
are able to add the two numbers resulting in the same 
outcome. Well this is not exactly true, after adding the 
numbers an extra 1 is added. The adding of the extra 1 is 
because zero is “skipped” when using the complement. 

Binary stops 
Okay, fair enough, but what does this have to do with anomalies 
concerning binary numbers? Well, if you are not careful with 
these complements, it just may happen to break everything. 
A great example of this was when a train in England was 
going to make 9,223,372,036,854,775,798 stops on a journey 
of two and a half hours. That is about one quadrillion stops 
a second! This brings the concept of a stoptrein to a whole 
new level. Before we endeavour in our quest to find out 
what went wrong, let’s examine that number a bit better. We 
would expect this number to be very close to a power of 2, 
i.e. 2, 4, 8, 16, etc. And indeed it is almost identical to 263. 

Translating this ginormous number into binary gives the 
following binary number: 111 (53 more ones) 1110110. If that 
doesn’t look like a complement of a small number, I don’t 
know what will. It could then be that a complement was 
used and not translated back correctly. Or the complement 
of the final answer was given. Whatever happened, 
sadly, is a mystery, we just know it’s complicated. 

There is still a nagging question. Why is the number of stops 
close to 263 and not 264? Since most systems use a bit amount 
that is equal to a power of 2. What is often the case is that 
the last digit is used to assign whether a number is positive or 
negative. This process is called signing. This is then probably 
why the number of stops is so close to 263 and not 264. When 
taking the signed binary number of negative 9 quintillion the 
following number pops up: 1000 (53 more zeros) 0001010 
which would just be 10 if not for the 1 in the last digit. 

No one really knows what happened, maybe someone does. All 
we know is that the train will have made all of those 9 quintillions 
stops before Brexit has happened. And that somewhere a 
software developer is trying to figure out why this has gone 
so wrong. Luckily this will not be the end of the universe, 
nor will Brexit. We do know that something F’ed-up, since 
the Hexidecimal code is as following: 7FFFFFFFFFFFFFF6.

—
By: Sander Pol (editor Van der Waals)

A single wheeled train carrage. Source: Clipart.email, adapted.

A lot of stops. Source: https://twitter.com/neilcodling.
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Inventor of dynamite, benefactor of Nobel Prizes
Swedish chemist, engineer and industrialist Alfred Nobel 
(1833–1896) was considered a national celebrity for his 
weaponry inventions, with dynamite being the most well-
known. The accumulation of patents and business acquisitions 
left him with a lucrative fortune to spend. Still, Nobel was not 
uncontroversial. Newspapers criticized him earning a living for 
having blood on his hands: “He became rich by finding ways 
to kill people faster than ever before.”  With that much money 
to spend, Nobel himself was very critical on his will, which 
he changed many times over. The final version came about 
from an obituary he read from a French newspaper, which 
mistakenly wrote about his brother’s death though mentioning 
the name Alfred: ‘Le marchand de la mort est mort’. It left Nobel 
disillusioned and wondering how he wanted to be remembered 
after his death. In 1895, a year before his passing, he signed 
his final testament in Paris to spend most of his fortune on 
the establishment of the Nobel Prizes, to honour those who 
contributed to the “greatest benefit on mankind” in physics, 
chemistry, physiology or medicine, literature and peace. The 
award for economics was brought about many years later 
in 1968 for the 300th anniversary of the Sveriges Riksbank. 
Nowadays, the Nobel Prizes are considered to be the most 
prestigious awards to be achieved in their respective fields.

"Nobel became rich by finding 
ways to kill people faster than 
was ever done before."

With this brief introduction on the story behind the awards 
– in the spirit of the 40th edition of our beloved N! – I will 
dedicate the remains of this article to three stories that 
belong to a group of extraordinary people who were 
distinguished as Nobel laureates before the age of 40.

VARIA

Physics Nobel laureates 
under 40
The Nobel Prizes are globally acknowledged as the most prestigious 
awards one can achieve for scientific, literary and cultural achievements.  
Being recognized by the Nobel committee is an accomplishment in its 
own right, but what would it take to be distinguished before the age of 40?

William Bragg Sr. and Jr. (1915)
“For their services in the analysis of crystal 
structure by means of X-rays".

The beginning of 20th century marked the start for trying to 
understand radiation, in particular X-rays. Most notably, the very 
first physics Nobel Prize won by Wilhelm Röntgen was awarded 
for similar research, “on the discovery of the remarkable rays 
subsequently named after him”, in the words of the Nobel 
committee of 1901. William Bragg was elder professor of 
mathematics and physics at the Australian University of 
Adelaide. One day after school his son Lawrence Bragg fell off 
his tricycle and subsequently broke his arm. His father, being 
the caring dad he was, examined his arm using X-rays he read 
about from Röntgen’s work. This also marked the very first 
use of X-rays for medical ends in Australia and could suggest 
how little Lawrence literally fell into the subject. Lawrence 
Bragg followed his father’s footsteps and studied mathematics 
and physics. First at his father’s institution at Adelaide, next at 
Cambridge University as a response to his father’s relocation 
as Cavendish chair of physics at the University of Leeds.

In the 1910s, renowned physicists had diverging opinions on the 
nature of X-rays. William Bragg argued that they were streams 
of particles, others believed they were waves. A German 
physicist by the name of Max Von Laue lifted the uncertainty 
by performing diffraction experiments on crystals with X-rays, 
revealing wave behavior (which subsequently earned him the 
1914 physics Nobel Prize). Building upon work of Von Laue, by 
1912, Lawrence Bragg was strolling along a river and realized 
that crystals could be seen as parallel layers of atoms. He then 
noticed that when X-rays are pointed at certain angles with 
respect to the crystal, not all angles would contribute towards 
diffraction since some of them would destructively interfere. 
He wrote down an equation summarizing this behavior and it 
became known as Bragg’s law or the Bragg condition. William 
Bragg built an experiment to validate his son’s equation and 
from there they were able to calculate the atom’s spacing as 
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well as the wavelength of X-rays. Father William published 
their findings under his name and mentioning 'his son' as the 
founder of the equation, not referring to him as a co-author. 
Nevertheless, the Nobel committee acknowledged the 
joint effort of father and son and awarded them with the 
1915 physics Nobel Prize. As of now, Bragg Jr. still is the 
youngest Nobel laureate in science, merely at the age of 25.

Werner Heisenberg (1932)
"For the creation of quantum mechanics, the 
application of which has, inter alia, led to the 
discovery of the allotropic forms of hydrogen".

A book on quantum physics without Heisenberg, is no book 
on quantum physics. It is therefore no wonder that Heisenberg 
at some point in life would be credited with the Nobel Prize. 
He lived in the time wherein quantum mechanics was still 
in its early developments and so much work had to be 
delivered. For his doctoral thesis, he discussed a significantly 
different topic, namely turbulence as suggested by his 
advisor Arnold Sommerfeld at the university of Munich.

One year later in 1924, he completed his habilitation on the 
anomalous Zeeman effect under Max Born, which allowed 
him to do self-conducted university teaching. He continued 
working at Göttingen as a Privatdozent so that he could 
conduct research independently. In this period Heisenberg 
collaborated with the renowned physicist Niels Bohr who was 
director of the Institute of Theoretical Physics at Copenhagen 
at the time. His seminal paper was published under the 
name: “Über quantentheoretische Umdeutung kinematischer 
und mechanischer Beziehungen”, which roughly translated 
to quantum-theoretical re-interpretation of kinematic and 
mechanical relations. Upon release in 1925, it was considered 
to be a breakthrough article in the field. Heisenberg discussed 
the use of matrix mechanics into a description of quantum 
mechanics. Matrices were introduced as a way to describe 
observables, so Heisenberg’s approach was a completely 
novel approach. In the following months he extended the idea 
of matrix mechanics towards commutation relations which 
were the underlying idea of his famous uncertainty relation. Up 
until those days the use of matrices had only been reserved 
for pure mathematicians. Only a handful of people, namely 
Gustav Mie, used them in a paper on electrodynamics in the 
year 1912, so you can imagine that Heisenberg’s approach was 
groundbreaking. His breakthrough paper (published when he 
was just 25) in combination with developments a few years 
later gave him enough recognition by the Nobel committee to 
award him with a Nobel Prize merely at the age of 31 under the 
humble motivation “For the creation of quantum mechanics.”.

Paul Dirac and Erwin Schrödinger (1933)
"For the discovery of new productive forms of atomic theory".

Where Heisenberg started, Paul Dirac continued. Also regarded 
as one of the most significant theoretical physicists of the 
20th century, Dirac and Heisenberg had frequent contact. 
The mathematical constructs that Heisenberg developed on 
commutative observables resembled Poisson’s brackets arising 

in classical dynamics of particles, Dirac realized. From this, 
he formulated a quantum theory based on non-commuting 
dynamical variables. It produced a more profound and more 
generalized formulation, called canonical quantization. He 
summarized his findings for his doctoral thesis which he attained 
at Cambridge University in 1926. It also led to the famous 
Fermi-Dirac statistics of identical half-integer spin particles. Two 
years later in 1928, working from Pauli’s famous spin matrices 
(which he believed to have re-discovered independently), he 
formulated an equation of motion for the wave function of 
relativistic electrons, nowadays known as Dirac’s equation. This 
equation also postulated the idea of negative-energy electrons, 
later dubbed and experimentally validated as positrons. The field 
of Dirac’s relativistic quantum mechanics also opened doors 
into a novel formulation called quantum field theory, developed 
several years later. He was the first one to use the term quantum 
electrodynamics to characterize interactions between light 
and matter. Paul Dirac summarized his findings into the 1930 
work published under the name “The Principles of Quantum 
Mechanics”, which was regarded by many as a landmark in 
the history of science. Many of the conventions introduced by 
Dirac still bear his name. Examples are the Dirac delta function 
and his undeniably convenient bra-ket notation (included from 
the third edition in 1939 onwards). For his contributions he was 
awarded half of the 1933 physics Nobel Prize merely at the 
age of 31, with the other half awarded to Erwin Schrödinger.

I should have started the article with a disclaimer that not all 
laureates under 40 would be mentioned. Of course there are 
many more brilliant minds, including Compton (35, 1927), Marie 
Curie (36, 1903), Niels Bohr (37, 1902) and others, who could 
have most definitely been listed here, but this article aimed to 
portray the people that managed to gain renowned status at a 
remarkably young age, and to present the story and dedication 
behind that success. Obviously, there is no formula to guarantee 
success, since a lot of it is crossing fingers that a theory 
works. We can only be relieved and awestruck that age is not 
linked to any of that and that Nobel’s legacy commemorates 
the people who confer the “greatest benefit on mankind”!

—
By: Pim Keizer (editor Van der Waals)

Figure 1: The Nobel Prizes that are awarded these days consist of 

18-karat green gold covered with 24-karat gold. Source: Thoughtco.com.
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