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Working at HyTEPS is not just a job
it is an unforgettable experience

Optimizing electrical installation efficiency, reliability and safety

Specialist in Power Quality

HyTEPS offers an ideal environment to gain practical 
experience in the field of our expertise: Power Quality.
Working at HyTEPS means working on various and challenging projects in 
diverse sectors such as: healthcare, industry, maritime and utility. Part of our 
projects are performed on customer sites. Mainly in The Netherlands, but 
from time to time also in other parts of the world. Our electrical engineers are 
responsible for researching, analyzing and solving complex problems within 
all kinds of electrical installations. 

As Power Quality specialists, our electrical engineers perform measurements 
with specialized equipment, analyze data and provide all kinds of simulations 
(THD, arc flash, load flow and more) in Vision and Power Factory.

HyTEPS, Elisabethplaats 30, GEMERT  | +31 (0) 492371212  |  office@hyteps.nl  |  www.hyteps.com 

What can you expect
• Receive extensive (on the job) training from our skilled engineers 
• An informal work environment with short lines of communication 
• Team up with smart and sociable colleagues 
• Plenty of opportunity to contribute to the efficiency of work, expansion   
  of services or marketing projects
• Work in a wide variety of customers (national and international)
• Work at unique locations (data centers, hospitals, tunnels, festivals, 
  super quay cranes, yachts, offshore vessels, government real estate)

Do you want to take on a challenging role at HyTEPS? Visit our website for 
more information: https://hyteps.com/about-us/working-at-hyteps/



The ETV and the COVID-19 virus
From the Board
By Shea Haggerty

It doesn’t take a lot of eff ort to notice 

that a lot of things have changed at the 

TU Delft, and thus also at the ETV, in 

the last few weeks. To address the ele-

phant in the room, or the elephant in the 

magazine, let me tell you about how we 

as the board deal with the measures re-

garding the virus. 

 

 

 

 

 

  

  

 

 

 

 

 

  

 

 

 

   

  

 

  

 

  

 

 

 

 

   

   

 

  

are simply needed to ensure everybody’s 

safety. 

 

 

    

 

  

 

   

 

We hope you all stay safe, healthy and 

fi t during this time. Look out for others, 

keep studying, and join the Minecraft 

server once in a while!

Ê
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Colophon

Archana Ranganathan

Dear reader,

First of all, we hope you are healthy and safe! 

This edition is a special one, as we are celebrating fi fty years of EWI.

 

This quarter was a strange time for all of us, to say the least - considering the pan-

demic; But, science never comes to a halt, and neither do we. It is important now, more 

than ever, to learn about advancements in science and technology and stay informed! 

Hence, we thought it was especially important to publish this quarter as well.

So, we hope you enjoy our small part of history, and happy reading!

Ê
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   The Threshold to 

Overcome



Whenever you drive from your hometown to Delft, there is a hint which means you’re getting close – the vague 
contour of EEMCS on the horizon. This year, EEMCS has reached it’s 50 year anniversary on being a true Delft 
landmark.

EEMCS, or as the Delft residents say 

‘EWI’, was not always located in this 

iconic blue and orange building. It’s 

original location, then called the ‘Poly-

technische School’ was along the Oude 

Delft 95. The fi rst lectures were given 

there in 1843, for just 48 students! You 

must keep in mind that this was the 

whole campus of the TU Delft, so not 

only the mathematics, electrical engi-

neering and computer science faculty as 

we know it now. Since 1894 the building 

was expanded and other buildings were 

built on the south-east side of the centre 

of Delft. Many of these buildings which 

date before the second world war were 

later sold to student housing organisa-

tion DUWO (rings any bells?).

The construction of EEMCS started in 

1962 under the architectural eye of G. 

Drexhage who designed the building. 

EEMCS was done just fi ve years later 

in 1967, and offi  cially opened for use in 

1969. Since the building is so architec-

turally special and unique, here are facts 

you might not (or do) know about our 

faculty:

Did you know this about the faculty of 

EEMCS?

EEMCS is, with its 90 meter height, al-

most the highest building in Delft. The 

‘Nieuwe Kerk’ is the only building in 

Delft which is higher – the reason for 

this is that no building is allowed to be 

higher than the church!

Did you know that EEMCS was recog-

nized as a monument  in 2009 because 

of its architectural value?

 

EEMCS has two large clocks mount-

ed on the sides of the building. One on 

the northern side, and the other on the 

southern side. One of them can even be 

seen from the central station!

In the original building plan, the idea 

was to build a second building identical 

to what we now know as EEMCS, and 

to place it opposite EEMCS across the 

Mekelpark. This way, the two building 

would represent the two poles of a mag-

net. 

Did you know that our faculty original-

ly had a pond in the central hall? It has 

since been replaced by stairs which lead 

you to the basement and the /Pub.

 

  

 

 

  

 

    

 

 

   

 

 

  

  

 

  

     

 

   

    

Figure 1. A christmas card from long long 
ago...

Figure 2. The (in)famous elevators when 
they were just in use
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23.3

  
 

Shea Haggerty 
Sam Aanhane

� ��������'s History

        
      

      
       
        

         
       

      
      

         
       

        

����� � ���� ����� �� ������ ���� ������ 
�� �� ����������� ���� �������� �� 
������ ��� ���� �������� ��� ��������� 
�� ��� �������� �� ��� ������� �������� 
�� ���� ���� ��� ������ ��� ������ �� 
����� ��������� ��� �� �� ������� ��� � ��� 
���� ����� ������� ������� ��� ���� ���� 
��� ������ ��� ����� ���������� ����� 
������� � ���������� ������� ��� ���� 
����� ����� �� �� ������ ��� ���� �� ��� 
���� ����� ���� �������� ������ �� ��� 
����� �� ����� �� ����� � ����� ����� 
                                                                        .!



I personally have always held our ivory tower 

in a high regard. Ever since I set foot in the 

building as a young highschool student, I 

have been impressed with everything going 

on on a day to day basis.  Not many people take 

a step back to appreciate the many purposes 

of our faculty. For one, educate future engi-

neers and stimulate development in the fi eld 

of Electrical Engineering. These purposes go 

hand in hand because they both rely on each 

other. New Electrical Engineers are required 

to make advances in the fi eld and develop-

ments are needed to provide research topics 

to educate students. Quite a paradox indeed. 

Luckily our faculty has done a great job in both 

cases.  In 2017, 472 master students have grad-

uated and this number has increased every 

year since. Of those 472, 38 graduated Cum 

Laude. Regarding the privously mentioned 

purpose of doing research, the EEMCS facul-

ty is second with respect to the amount of in-

ventions reported to the Valorisation Centre.

To conclude, I am glad our building has lived 

to the age of 50 and am looking forward to 

the next few years!

Ê
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Figure 2. EWI in a beautiful spring now

Figure 3. And EWI a long time ago.

Figure 4. The contstruction near comple-
tion. 

Figure 5. Getting all the resources all the way up was not easy. 
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A life after the University

The years spent studying Electrical 

Engineering at the TU Delft were a lot 

of fun for me. I learned a lot during it, 

not only did I obtain engineering and 

academic skills, I also got a lot of inter-

esting experiences from extracurricular 

activities by participating in commit-

tees and as an ETV Boardmember. After 

my time studying at the EEMCS faculty 

I have been working full-time at my own 

company, SLAM Orthopedic, that was 

founded already during my studies. In 

this article I will elaborate on how the 

company was founded and what chal-

lenges I and the company have faced, 

and what challenges are still to come. 

But fi rst I will give a bit more back-

ground information by telling you about 

my time studying.

Studying Electrical Engineering

In 2012 I started the bachelor pro-

gramme Electrical Engineering at the 

TU Delft straight after graduating from 

the Dutch “VWO”. During my bachelor I 

took a year to be a full-time boardmem-

ber of the ETV. After completing the 

bachelor in 2016 I decided I would like 

to continue to learn more in the fi eld of 

EE and started the Signals & Systems 

master track of EE. Next to the courses 

of that track I also ventured to 3ME to 

do some systems & control courses and 

did some courses in machine learning 

from the computer science department. 

When it became time to chose a thesis 

subject, I chose a project in the biomed-

ical signal processing fi eld. I did not 

do any biomedical-specifi c courses but 

a signal is a signal, so that should not 

matter too much I thought. It was a pro-

ject about processing signals recorded 

during open-heart surgery, where about 

200 electrodes were placed on the atria 

of a human heart. From the signals then 

anomalies could be tried to be detect-

ed to determine if there was any tissue 

damage present for example. These 

anomalies could indicate if this patient 

would suff er from atrial fi brillation in 

the future. It was an interesting pro-

ject that was a collaboration with the 

ErasmusMC, the academic hospital in 

Rotterdam. I visited them a few times to 

gain more insight and collaborate with 

them which was fun. But I was also visit-

ing hospitals for another reason during 

this period, not only for my thesis.

Starting a side project

It was the case that during my master 

and during my thesis I was also work-

ing on building my medical technology 

company that I had started during my 

studies with a few others, and for this 

reason I was then also visiting a lot of 

hospitals. This started back in 2016, 

when I was approached by a group 

consisting of an orthopedic surgeon, 

a mechanical engineer and a business 

developer. The orthopedic surgeon had 

experienced a problem during his time 

working in a hospital and they were as-

sembling a team to try and solve this. I 

was interested and joined them, and we 

started working on the fi rst prototypes 

to see if we could solve this.

So what is the problem? During ortho-

pedic and trauma surgery the surgeon 

often has to fi xate broken bones to al-

low them to heal properly again. To do 

this metal screws and plates are used. 

The surgeon fi rst has to drill a hole, and 

then select the right screw length. Is the 

screw too short the implant might break 

off , is it too long then the tissue around 

the bones might be damaged. Currently 

the golden standard is to use a manual 

depth gauge, a metal hook that is insert-

ed through the hole in the bone and has 

Bart Kölling
Kolling@slamortho.com

8 April 2020
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to be hooked behind it. This is time con-

suming, error-prone and annoying. 

  

 

 

   

   

My background in electrical engineer-

ing was useful when designing the pro-

totypes, however I did need to learn a lot 

of extra skills to go from a concept sys-

tem to a completed prototype. Further-

more, we also need to very closely listen 

to the demands of the future users, the 

surgeon. So we traveled around to vis-

it hospitals and talk to them, and also 

watch them work in the OR. This was 

a completely new experience and was 

awesome to do. Also testing our own 

prototypes during a training for sur-

geon on human cadavers was a brand 

new experience that I did not think I 

would ever get.

Current situation

We participated in the EIT Health Val-

idation Lab at YES!Delft the past fall 

which was extremely useful and fun. 

There were 10 startup teams from all 

over Europe that came to Delft and to-

gether we worked on improving our 

pitches, understanding our customers 

better and much more. Also we got to 

travel to Germany, Denmark, Spain, the 

UK and Ireland during this and got to 

learn more about the diff erent health-

care systems around Europe.
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Figure 2. Testing a prototype of the SLAM Orthopedic technology in a real-world setting

Figure 3. The logo of SLAM orthopedics
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Dr. Ir. Mohamad Ghaffarian Niasar, Weichuan Zhao

Impulse Voltage distribution 
on transformer winding

Winding structure in power trans-

formers

  

  

   

  

 

  

 

 

 

   

  

   

  

Nonlinear impulse voltage distribution
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Figure 1a. Side view of a typical trans-
former winding with a LV layer type 
winding and HV disk type winding

Figure 1b. Top view of a typical trans-
former winding with a LV layer type 
winding and HV disk type winding

Figure 1c. Connections of the layer 
winding with three layers.  Note: the di-
mensions are not proportional. 

 

















































































































Figure 2. left: Winding under test. right-top: Simplifi ed capacitance equivalent model. right-bottom: Influence of α on nonlinear voltage 
distribution along the winding (a disc winding with 100 discs, C_g1=0,7.5,30 pF, C_s1=3000 pF)
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Figure 3. Different construction of a disc winding. a: Simple double discs winding, b: Combination of simple and interleaved discs 
winding (SMIT patent), c: Combination of simple and interleaved double discs winding, d: Combination of simple and double discs 
winding with wound-in shield wires.
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	                Figure 4. Equivalent capacitance model of a discs pair.          
          

        

           
           

       

  
         

       

Figure 5. impact of increase of series capacitances of the first few 
discs near the HV terminal of voltage distribution along the 
winding. C_g1=30 pF, C_s1=3000 pF, C_(s1-top section)=9000 pF.
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Jointing of conductors during the



Once every two years we join the com-

petition at the Bridgestone World So-

lar Challenge held in Australia. This is 

a 3000 kilometer race from the north 

right down through the middle to the 

south of Australia. The year in between 

this competition a diff erent solar chal-

lenge is attended. Mostly, we enter the 

South African Solar Challenge. A new 

car is built for the Bridgestone Wold 

Solar Challenge, while the same car is 

drastically improved and prepared for 

participating in South Africa the year af-

ter. Last year, we made a brand new car 

and joined the competition in Australia.

As an Electrical Engineer in the team, 

you are not just there to design and 

build a system to given specifi cations. 

You have to make sure that the system 

you design works together fl awless-

ly with the mechanical and structural 

parts that are being designed at the 

same time. In addition, you also have to 

make sure you are maximising the effi  -

ciency and minimising the weight of the 

whole car.

Brainstorming and designing

The project starts the moment the reg-

ulations are published. After thorough-

ly looking through it, we entered our 

brainstorm phase. We let go of all pre-

vious knowledge and tried to come up 

with every idea that fi tted in the regula-

tions. Together, we homed in on a gener-

al design of the car that we could argue 

had the most potential. After agreeing 

on this, we moved on to fi nding ways to 

improve the design per discipline, which 

could be far-fetched like gaining energy 

from heat in the car or making the sys-

tem more reliable by producing a dash-

board PCB. 

During the next phase, it was time to 

bring it all together. Not yet in real 

 

 

 

   

  

 

 

     

  

 

Production of the car

After the design of the system is done, 

it needs to be produced and tested. This 

is done with the help of our testing ve-

hicle. This vehicle is a huge, aluminium 

Once a year, a solar car made by students in Delft travels thousands of kilometres 

through simmering heat or harsh weather conditions. A team of about 16 students 

have been working day and night for over a year to fi nish the car and everything 

around it. The ultimate goal is to win the solar challenge and defend the World 

Champion title. Unfortunately, due to a fi re close to the fi nish, last year’s dream was 

shattered in merely minutes. As an Electrical Engineer, I joined the team last year 

and even though we did not reach our goal, we are certain that we made an amazing 

car that had a big chance of winning the competition.
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Tom Salden

Chasing an unreachable dream

Running on Sunlight

framed car. Its purpose is to house elec-

trical and mechanical components and 

fi nd out if all designs work the way we 

planned. Every time we made new com-

ponents, we added them to the testing 

vehicle and took it for a ride. 

At this same time, the body of Nuna was 

also produced. This took several months 

to complete, but when it was done, we 

could add in our componens. This was 

the moment of truth, because only now 

we had to physically fi t the parts in the 

car. After some weeks of fi nalising this, 

it was time to start Nuna for the fi rst 

time.

The fi rst kilometres

A truly magical moment follows. The car 

you have been working on for almost a 

year starts driving without major prob-

lems. We were extremely happy with 

how well the tests went and amazed 

by how much better the components 

worked inside the real car in compari-

son with the testing car.

Of course, we were not fi nished yet. 

The fi rst testing days were for example 

done without the solar panel. One of 

the reasons we waited with this is that 

solar cells degrade after being exposed 

to sunlight. The other reason is that we 

still had to fi nish the production of the 

panel. This was a huge project for me, as 

I took up the task of soldering all 874 so-

lar cells by hand, joined by three team-

mates that took care of encapsulating 

the cells.

From this moment on, we took the car 

to a testing track once a week. This day 

had as purpose to fi nd all issues that 

were not fi xed previously. Next to that, 

the drivers had to get used to driving in 

a super small solar car. Because only a 

minimal amount of space is made avail-

able to the driver. This means that the 

comfort in the car is restricted because 

you cannot move a lot. 

Moving to Australia

At the end of August, we moved to Aus-

tralia to prepare ourselves for the race. 

A support crew of old team members 

joined us to give us a hand where pos-

sible. A primary school in Darwin made 

a space available in their shed for us to 

keep working on the last details of the 

car. This school has given us a place to 

work since the fi rst edition of the solar 

team almost 20 years ago.

As the weeks passed, we got close to the 

qualifi cations. In order to determine 

the starting position, each team had to 

drive a lap on a racing circuit and the 

fastest one would have the fi rst starting 

position during the race. 

.Û
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Figure 1.  (Photo by Jorrit Lousberg)



Figure 2. Tom soldering all 874 solar cells by hand  (Photo by Jorrit Lousberg)



 

 

  

The challenge

The qualification itself went flawless-

ly. We managed to set a great time and 

ended on the eighth place, which is re-

ally good for a car that is not made to 

drive fast circuit laps. Then, the 13th 

of October it finally began. We started 

the challenge. As one of the drivers, I 

was to drive the first few hours of the 

challenge, which was quite eventful. Be-

cause the teams started with 30 seconds 

interval in the centre of the city Darwin, 

we took over some teams. At the end of 

the day, we even ended up second. 

After this exciting first stop, we had 

a few other just as exciting days. Even 

though we stayed in second place, we 

kept catching up with the first place, un-

til we were mere minutes behind them 

at the end of the third day. Unfortunate-

ly, there was a large amount of wind 

the fourth day, and the contesters were 

blown off the side of the road, damag-

ing their car very badly. After this, we 

moved on in the first place and ended 

the day about 300 km shy of the finish.

The fifth and last day was about to start. 

We drove Nuna to the place where start-

ed that day and counted down for the 

driver. It was very exciting because even 

though we were positioned first, the 

next team was only two minutes behind 

us. The first kilometres went really well 

and the lead of two minutes kept it ex-

citing. However suddenly the driver saw 

smoke in the cabin and was forced to 

climb out of the car as quickly as possi-

ble. Within seconds, flames were visible 

and in minutes, almost nothing was left 

of the car. Luckily, the driver got out in 

time and nobody got hurt, but the one 

 

 

  

 

 

    

  

 

 

  

   

 

 

 

Figure 3. The disaster struck and we are not believing our eyes (Photo by Jorrit Lousberg)

17April 2020

 
       

     
       

        
        

        
       

      
         

        

       
     

       
         

        
         

       
      

         
        

        
       

        
        

      
       

        
        
       
         

      
       

         
       

     

�� �� ��������� �� ����� ���� �� ���� 
���� ���������� �� ���� ����� �� ����� 
���������� �� �� ����� �� ��� �� ������� 
������� �� ������ ���� �� � ����� ��� 
�� ��������� ������ ��� ��������� ��� 
�������� ��� ������ ������� �� �� ����� 
������� �� ������ �� �� ���� �������� ��� 
���� ��������� �� �� ��� �� ��� ����� 
���� ����� �������� �� ��� ��� �������� 
���� ���� ��� ��� ����� �� �� ��� ���� 
�������� ������� �� ���� ���� �� 
����� ���� ���� ��� ���� ��������� �� 
�� ���� �� ����� ��� ���� ������ �� ��� 
���� �� ���� ���� ���������� �� ����� 
�� ���� ��� ���� ��� ���� 

!

       
     

       
         

        
         

       
      

         
        

���� �� ��� ��� ��� ������������ ����� 
��� �������� ������ �������� ��� 
����������� ��� ���� �� ������� �� ��� 
���� �� ��� ������ �� ������� �� ����� 
�������� �� � ���� ��� ���� ������� �� 
������� ���� ���� ������ �� ��� ��� �� � 
��� ��� ����� �� ��� ���������� ������ 
����������� �� ������ �� ��� ������� 
��� ���� � ���� ��� ���� ��� ����� �� 
���� ���� ��� ��� �� ���� ��� ����� 
����

�������������� ���� ���� � ���� ������ 
���� ������������ ���� �� ���� � ���� �� 
��� �������� ������ ���� ����� �� ������ 
��� ���� �� ��� ������ �������� ���� 
����� �� ��� ���� �������� ��� ������ ��� 
����� ��� �� ��� � ������� ��� �� 
������ �� ��� ���� � ���� ����� ������� 
�� ���������� �� ��� ����� ���������� 
���� �� �� ��� ���� �������� ���� ������ 
����� �� �� �� �� ��� ����� ��� �� ����� 
�������� ��������



Advertorial

Development of technology always con-

tinues: people always have an aim to 

improve. How can we make thing eas-

ier, faster, safer, stronger: better? The 

answer is often a matter of creativity: a 

technical solution that is diff erent from 

the standard: an invention.  What drives 

those inventors? Often, it is to have a 

commercial benefi t over others by us-

ing the invention. To enjoy this benefi t, 

it is important not all are free to use the 

invention. Hence, governments issue 

patents: an exclusive right to the com-

mercial use of an invention - in return 

for publication of the invention. 

Patents allow a company, either small 

or large,  either starting up or seasoned, 

to control the use of their innovation to 

benefi t from their innovation. If you are 

a start-up, you want to make sure the 

ground breaking invention that is the 

basis for future growth of your company 

is yours alone. For larger companies, like 

telecommunication companies, there is 

no other option to use your technolo-

gy other than by using technologies of 

other companies as well. The other com-

panies may ask you money to use their 

technology - or permission to use your 

technology. In this way, patents can 

bring in money or save money by allow-

ing others to use your technology.

Governments set high standards to 

inventions for granting patents. Oth-

erwise, many patents would be grant-

ed for obvious improvements of tech-

nology; that could result in everybody 

prohibiting everybody to use any tech-

nology, stifl ing innovation. Arguing an 

invention meets the standards requires 

both technical and legal acumen, mak-

ing drafting, prosecuting and enforcing 

of patent rights specialised work. What 

makes the diff erence between the in-

vention and the state of the art and how 

does that invention achieve that great 

new eff ect? And how to argue this be-

fore the patent offi  ce or the court, tak-

ing into account legislation ? This is the 

work of a patent attorney.

The work of a patent attorney

And this is the work I have been doing 

for almost twenty years. After two years 

as an engineer in the semiconductor 

industry, I was looking for an intellectu-

al challenge. But I did not want to lose 

touch with the technical details of tech-

nological development. The position of a 

patent attorney provided an opportuni-

ty to make this happen.

The fi rst good eight years of my patent 

career, I worked with Philips Electron-

ics and NXP Semiconductors. There, I 

have had my professional education re-

quired to be registered as a Dutch and 

European Patent attorney. And I sup-

ported the business of these companies 

not only by drafting patent applications 

and having them granted; I have also 

negotiated agreements for projects in 

which patents play a large role: mergers 

and acquisitions of companies and joint 

development of technology with other 

technology giants like Texas Instru-

ments and Intel. To ensure return on 

investment in R&D, but also to achieve 

the best possible implementation of the 

technology, benefi ting society as well.

Eleven years ago, I moved to a patent 

law fi rm; an offi  ce with only patent at-

torneys that off er service to companies 

that have no or only few in-house patent 

attorneys. Instead of one client, I now 
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Jasper Groot Koerkamp

Figure 1. The patent for the Tesla Motor from 1888
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serve over 150 clients. And in addition to 

semiconductor and telecommunication 

technology, I also work in the technical 

fi elds of high-pressure cleaning noz-

zles, medical equipment, animal feeding 

equipment and electrical vehicles. Yes, I 

still work in the fi eld of semiconductors 

in which I once graduated, with the hon-

our of having professors of the group I 

where graduated at as clients.

At the V.O. Patents & Trademarks, I have 

a wide variety of clients for whom I pro-

vide a wide range of services. I set up 

patent strategies to provide coherent 

protection for their technology, draft 

patent applications and address use of 

technology of my client by their com-

petitors. And in case necessary, we sue 

them - though an amicable solution is 

possible in most cases. And yes, also my 

clients receive such letters from com-

petitors that we have to attend to. With 

this variety in work and high stakes 

with our clients, we set high standards 

to our own work and to our colleagues.

This allows us to provide your company 

with support with the proper protection 

for your R&D in accordance with these 

high standards. In case you are inter-

ested, we are ready to discuss with you 

how we can help you control the results 

of your innovation in a way that serves 

your interest best. You can contact us 

via www.vo.eu for an appointment at 

your place or an offi  ce near you for a 

conversation without any obligations.

Become a patent attorney

If  you are interested to become a patent 

attorney, you are invited for an informal 

interview, at an offi  ce location near you. 

We expect graduates and others new 

to the profession to attend the regular 

external professional education pro-

gramme, as well as our additional inter-

nal programme. In return, we off er an 

informal working atmosphere, career 

perspective and good benefi ts. You can 

fi nd more information at www.vo.eu/ca-

reer/.

Ê



Thanks to the effort the gentleman Backer put into the ETV, he was awarded with the 

title of honorary member of our association in 1991. 

Since then, he has always stayed actively involved with the ETV, and has helped mas-

sively  forming contacts between students and the faculty. 

Prof. Dr. Ir. E. Backer

* Soest, April 22 1940 † Diepenheim, April 14 2020

Emeritus Professor Delft University of Technology

Honorary Member of the Electrotechnische Vereeniging

         We offer our deepest condolences to his family and friends.



Em. Prof. Ir. J.L. de Kroes

* Overschie, January 15 1924 † Hilversum, March 31 2020

Emeritus Professor Delft University of Technology
Honorary Member of the Electrotechnische Vereeniging

Since 1990, the Electrotechnische Vereeniging had the honor of having gentleman De 

Kroes as honorary chairman. 

In his time as honorary chairman, he has assisted the ETV many times, and was 

always active at the ETV and the faculty. 

We offer our deepest condolences to his family and friends.



Meet The SSD

Herr W J. Van Gelder, the SSD founder, did 

not want to become the Chairman of the fi rst 

SSD board. The SSD’s fi rst board consisted of 

Mr. J.W. The Nijs as President, Mr. M.R. Van 

den Heuvel as Secretary, and Mr. E. Fernan 

as Commissioner. Although in November 

1964, before the actual establishment, JW. De 

Nijs and W.J. Van Gelder set the holy grail of 

SSD as: “This association will aim to conduct 

activities that are in line with the specifi c 

interest of the students in the energy fi eld. 

It plans to do so by conducting lectures, and 

excursions in strong-current and related ar-

eas”.

 

There has been a wide variety of events fo-

cusing on diff erent facets of the high voltage 

system coordinated. Multitudinous excur-

sions to Smit Transformers, Kabelfabriek 

in the Netherlands, Siemens, Kema, Metro 

Rotterdam and Dutch State mines were 

conducted. Contributions from professors 

such as Professor De Haas, Professor Schot, 

Professor Van der Sluis, Professor P. Vaessen 

were the secret to establishing a good rela-

tionship between the student and the busi-

nesses. Throughout the years the professors’ 

vast networks have been extensively used.  

Trending advances in semiconductor manu-

facturing emerged in the late 1980s and early 

1990s, attracting the bright minds. Because 

of this, the number of students who pre-

ferred the direction of energy technologies 

decreased. After this reduction in number of 

students, at the end of the eighties, the SSD 

had a new mission to increase student in-

volvement in the electrical power engineer-

ing market.The SSD coordinated in the 1990s 

alongside DSD Waldur with the introduction 

of energy technologies in middle schools. As 

a result of this promotion, DSD Waldur and 

the SSD formed strengthening ties.

Soon there was an explosion of students 

seeking a Master Electrical Engineering 

Degree at TU Delft with the emergence of 

greater environmental consciousness and 

the potential future of renewable energies by 

solar and wind power. The system bore a new 

name, Electrical Sustainable Power, in 2013. 

Since foreign students are typically less fa-

miliar with the Dutch environment, through 

its programs, the SSD stresses putting to-

gether students from various cultures. It or-

ganizes various lunch lectures, BBQ, indus-

trial excursions, fun activities to familiarize 

students among themselves and with SSD to 

carry its legacy forward.

Recent Activities:

On February 11th, 2020, the new board of 

Sterkstormdispuut (SSD) was initiated. SSD, 

established in 1964 as a chapter of Electro-

Technische Vereeniging (ETV) has been the 

representative for Electrical Power Engi-

neering students for over fi fty years. This 

has in fact provided the new board with an 

exciting opportunity to keep up with the ex-

emplary work done by the previous boards. 

The main goal of SSD is to connect students 

in the world of academics with people and 

industrial organizations looking forward to 

young and creative minds which can help 

them in realizing a sustainable future. The 

board of SSD 2020 is committed to conduct-

ing events such as lunch lectures and excur-

sions which will promote networking and 

create a bond between the two interlinked 

worlds.

Excursions:

DNVGL, Arnhem 

One of the excursions conducted by SSD was 

to DNVGL, Arnhem in November 2019. This 

was a very exciting event and the fi rst-year 

master students participated enthusiasti-

cally. A two-hour ride from Delft to Arnhem 

kickstarted the event with a series of pres-

entations starting with the company and 

then about the exciting research done here. 

Each of the department at DNVGL explained 

the work done in their sector and later on we 

had the opportunity to talk with the employ-

ees over food and drinks. We also played a 

game about how the power grid can be man-

aged in case of congestion problems creat-

ed by Universal Smart Energy Framework 
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Sai Suprabhath Nibhanupudi, Devayan Basu

The famous quote of Napoleon Hill goes by “First comes thought; then organization of that thought, into ideas 
and plans; then transformation of those plans into reality. The beginning, as you will observe, is in your imagi-
nation.” With this vision, the association of Sterkstroomdispuut (SSD) der Electrotechnische Vereeniging (ETV) 
was established on 10 December 1964 and is 55 years old as of today.

Figure 1. In 1974, Sterkstroomdispuut had its second lustrum. To commemorate this, a 
new design was introduced. Before this the SSD used the ETV branding.

A second logo was created in the early 80’s. This second logo, also pictured here and the 
main logo to date, consisted of the letters SSD attached to a bolt of lightning. The two 
logos had been used for a few years but the original version was discontinued after 1983.

22 April 2020
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(USEF) team at DNVGL

Royal SMIT Transformers, Nijmegen 

The next trip for EPE students took place in 

February 2020 to Royal SMIT Transformers 

in collaboration with Draaistroomdispuut 

Waldur from Eindhoven. The factory is lo-

cated in the middle of the city with Roman 

origin. The excursion to Royal SMIT Trans-

formers had a lot of activities. A brief talk 

about the company was followed up with 

some very interesting research done by the 

company. This was followed by lunch and 

then the much awaited “guided” factory tour. 

To ensure safety, we were equipped with hel-

mets and vests when heading for the tour.  

The factory tour gave us an insight into each, 

and every step involved in manufacturing a 

transformer. It gave us an idea of what goes 

behind the making of such huge trans-

formers. From the laminating of the 

layered steel transformer cores to the 

winding of the paper-wrapped copper 

conductors around wooden frames, no 

assembly step was left to our imagina-

tion. The distinct task division which 

enables the overall process to become 

effi  cient was very evident. 

Activities:

SSD also regularly organizes drinks in 

the /PUB, where all EPE students and 

staff  from the ESE department can 

meet and socialize with each other. SSD 

also ensures to have at least one lunch 

lecture every quarter from a distin-

guished person of industry or academic 

life. Apart from these, SSD organizes a 

Christmas lunch every year where all 

the staff  and students of EPE along with 

few of the industrial collaborators of 

SSD come together and celebrate. This 

year too, the Christmas lunch attracted 

a lot of attention despite the change in 

usual location where the event happens 

due to the renovation being done at the 

High Voltage Laboratory. This year too, 

we are looking for an exciting place to 

conduct the Christmas lunch and the 

door is open to everyone

Upcoming/ Planned Events

In the months to come, SSD has planned 

to organize a number of such events. 

As SSD board of 2020, we are looking 

forward to organizing the excursion 

abroad to Siemens, Berlin which is a 

tradition we would like to continue. SSD 

this year plans to familiarize the stu-

dents with various labs and facilities in 

the campus with the help of other stu-

dent associations under the tagline of 

Know Your Campus (KYC). In addition 

to this, several lunch and evening lec-

tures are being planned to be organized 

in the faculty by inviting experts from 

the industry to share their experience 

and insights.

Apart from these events, the aim is to 

organize barbeques and social drinks 

regularly where the staff  and students 

can relax. These events help break the 

ice between the staff  and students and 

hence increases the chance of network-

ing and getting to know others better. 

SSD is driven to help students identify 

their own potential and provide them 

the right platform to connect with pro-

fessionals from the industry. This being 

the lustrum year, we are planning to 

work with ETV on an exciting project. 

 Ê

Figure 2. SSD excursion to Royal SMIT Transformers, Nijmegen
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The treshold to overcome

Why do we have six people per group in 

the BAP?

Because one of the essential aspects in 

the bachelor graduation project is the 

fact that we want to test the corpora-

tion between students. The reason is 

very simple: Later, they are going to 

always work in teams so in this way we 

like to see how they can interact with 

each other, whether they can work in 

larger groups, and how they can address 

a larger topic by collaboration. That 

means that they manage to hit several 

targets at the same time. So fi rst of all, 

we stimulate collaboration, but we also 

help them with understanding how pro-

jects are elapsing: To monitor progress, 

trace it down, ad to apply what they 

have learnt in previous EPOs as far as 

project performance is concerned. 

There is also something else as well: 

Once you have a project for six, they the 

project can be larger, so you can have 

a nicer assignment. It’s diff erent when 

compared with a master project, where 

you like to see how far a certain person 

can reach by just himself. In the bache-

lor, we want to address a certain topic, 

and the topic itself is important.

How is that diff erent from other stud-

ies?

It is very diff erent. I’m mainly aware of 

computer science, because we had pre-

vious student that did a double degree 

who had to accommodate both rules. 

I also had some discussions with peo-

ple from civil engineering. I was at one 

point invited to compare their strategy 

with ours. They are all working on an 

individual project, sometimes a couple. 

Because of that, their format is diff er-

ent: The scope of their work is smaller.

Also, as far as I know, we are the only 

ones who have the graduation pro-

ject in one box. The other studies have 

it smeared over a larger period, and is 

intermingled with courses. In our case, 

you just stick to your project like in the 

master project. Then, you can really fo-

cus on a certain topic, and you can go 

much deeper.

 

A lot of this diff erence is because of the 

way the graduation project has been 

defi ned in the fi rst instance. This just 

perpetuates and there are only minor 

changes. For a long time, we were the 

only one to have a business plan, now 

there are more and more faculties try-

ing to add that in a slightly diff erent 

format. 

What’s the reasoning behind the three 

subgroups?

First of all, you have to have collabora-

tion. If all six are working on the same 

thing, there is no collaboration: It is just 

going to be a little bit of a chaos. When a 

student starts with EPO 1, it was a large 

group and many people didn’t do much, 

and even the splitting of the tasks for 

doing the sub-assignments was kind of 

vague. At the end, in EPO 4, there were 

always just four people, but it was still 

unclear who did what. In the graduation 

project, we want to see a large project 

approached together so students just 

subdivide the big project into reasona-

ble subsections which together are go-

ing to give the fi nal result. That’s also 

how things happen in real life: When you 

address a project, there’s always a coor-

dinator, who splits the tasks depending 

on the competences of the people in 

the group. At that point, each subgroup 

is going to work more or less on that 

specifi c topic, and the project manager 

takes care that it adds up properly. Our 

graduation project is an image of a true 

project in real life.

The main focus was the project, but 

more research is allowed now. Why is 

that?

Initially, the graduation project was 

plainly a design project, but some super-

visors started including a part concern-

ing research. At the beginning, we felt 

that it was beyond the capabilities of the 

students, but the students liked it. Then, 

if the student actually enjoyed going be-

yond just designing something which is 

already there, then why not? 

It is called a ‘BAP’ here, instead of ‘BEP’ 

in all the other faculties. Is there any 

reason for that?

It’s nostalgia. It was the ‘Bacherlor Af-

studeerproject’ and in fact, the offi  cial 

name is Bachelor Graduation Project. 

But, if you make an acronym for that, 

it has too many consonants: It doesn’t 
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Dr . Ing. I.E. Lager

When you receive this Maxwell, the fourth quarter has already started. For the bachelor students who are plan-
ning to graduate, this means that they can start on the Bachelor Graduation Project. Because the Electrical En-
gineering’s graduation project has some unique factors, we have interviewed Hansi Lager, who has managed the 
graduation project for quite some years already. He has some answers on the why’s about the uniqueness of our 
study. One small note: this interview was taken before the isolation orders.

The context and potential future of the graduation project
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sound good. 

Are there upcoming large changes?

Essentially, there is something that I’ve 

been working on for a long time but nev-

er came from the ground. For already 

three or even four years, we sense that 

exactly because there is more and more 

research going on in the BAP, that time 

becomes a limiting factor.

As the project is right now, you have the 

main project where the students work 

on the technical part, but you also have 

the business plan and ethics in technolo-

gy. Of course, these courses place a time 

penalty on the technical realisation. The 

question is: Can we take them off ? Then, 

the students would have more time.

The business plan is very hard to take 

off , because it works together with the 

BAP and is also the unique selling point 

of our study’s graduation project. We 

have a long stream of prices won by the 

EE students because they accompanied 

the technical realisation with the busi-

ness points of view. 

The big change that never happened, 

and I constantly try to push it, is ethics 

in technology. It is certainly a part of the 

bachelor graduation, it is also one of the 

end terms for the bachelor curriculum, 

so the students have to show that they 

know about it. But, does it actually fi t 

in the bachelor end project? My answer 

is no. It’s too late. It should have been 

done already. The best embedding of 

the ethics in technology is split up into 

pieces with increasing complexity, and 

put them in the EPOs. So by the time 

students come to the point of doing the 

bachelor graduation project, they should 

take into account ethics in technology 

elements, but they should have learnt 

it already. This is going to free time for 

the technical realisation. The problem 

is: To show the accomplishments with 

ethics in technology, you have to have 

some credits linked to it. In this way, it’s 

very simple, but if you spread it over the 

EPOs it is more diffi  cult to handle.

Ê

Figure 1. The team that won the UDP-Damen Bachelor Award with BABYSHELL.
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The readers of this magazine are probably well aware of what a capacitor is: two conductive plates with an isolating dielectric in 

between. The purpose of this article is to present a number of special capacitors available in the EEMCS Study Collection in Delft 

and to discuss equipment to eff ectuate precise measurements of capacitor values.

Kees Pronk & Piet Trimp

Measurements on (standard) capacitors
Study Collection

An ideal capacitor has a capacitance 

according to the following formula: C = 

(ε0·εr·A) / d,  where C is the capacitance 
in Farad, ε0 is the dielectric constant ( 
a.k.a. vacuum permittivity) of vacuum 

( 8.854187 · 1�0-12 F·m-1), εr is the dielec-
tric constant of the insulating materi-

al, A is the surface of the plates (in m2)  

and d is the distance (in m) between 

the plates. To give an idea:  with A = 1 

m2, d = 10-3 m, and using vacuum as 

dielectric, the capacitance is  8.85 nF.

Whereas in an ideal capacitor voltage 

and current are 90 degrees out of phase, 

unfortunately the dielectric material is 

not an ideal (leak free) medium; some 

leakage of electrons is always present. 

We model this leakage with a resistor 

parallel to the capacitor (see fi gure 2). 

The impedance of the circuit is Z = R 

/ (1 + jωRC), and is therefore frequen-
cy dependent. Consequently, voltage 

and current are not precisely 90 de-

grees out of phase and we fi nd a loss 

factor (a.k.a. capacitor loss tangent) 

which is commonly known as tan δ 
(see fi gure 2). It should be noted that 

the loss factor is frequency dependent; 

the frequency used during a meas-

urement should always be specifi ed.

Of course, as with other units of Inter-

anational Standards, standard organi-

zations like NIST (National Institute of 

Standards, USA) and NMI (Nederlands 

Meet Instituut, Netherlands Measure-

ment Institute) maintain high preci-

sion reference capacitors against which 

other capacitors can be calibrated. 

This article is not the place to discuss 

various forms, applications and use of 

capacitors. Reference [1] gives many 

useful details on that subject. Instead 

we will emphasize precision capaci-

tors, their use and carrying out meas-

urements using precision capacitors.

Fixed value capacitors

The Study Collection has a few Stand-

ard capacitors of which two exam-

ples are given in fi gures 3 and 4. This 

standard capacitor from General Elec-

tric has a value of 1 µF and is accurate 

to +/- 0.05%. This specifi cation is only 

valid for frequencies below 17 kHz. The 

maximum voltage is 500 Volt. The ca-

pacitor in fi gure 3 from Sullivan Ltd in 

London has a capacitance of 0.1 µF. Its 

dielectric material is mica, an insulat-

ing mineral  found in volcanic areas. 

Mica has a high dielectric constant and 

is a very stable crystal-like material.

Of course there do exist also switchable 

capacitors banks (similar to the well-

known resistor banks). These banks 

have less precision and stability but 

are more fl exible in experiments.  Here 

we show one made by General Radio 

(USA). It has a range from 1 nF to 1.1 µF, 

the maximum voltage is 500 Volt peak; 

the zero capacitance is 40 pF. (fi gure 7)

Variable value capacitors

In electronic practices around WW II, it 

was necessary to have variable capaci-

tors having good accuracy and stability. 

Figures 5 and 8 show two capacitors 

available in the Study Collection.

.Û

Figure 1. Model of a perfect capacitor Figure 2. Adding imperfections to the model
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Figure 5. Variable precision capacitor 
(external view)

Figure 6. Variable precision capacitor 
(internal view)

Figure 3.. Standard capacitor from Sullivan 
Ltd. (UK)

Figure 4. Standard capacitor 
from General Electric (USA)

Figure 7. Decade condenser (Capacitor)

Figure 8. Philips GM 4352 standard capacitor Figure 9. Internal view of Philips 
GM4352; Notice the trimmers

Figure 10. Twenty turn rotation mecha-
nism
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These capacitors look internal-

ly like standard variable capac-

itors as used in radios but they 

are more stable and accurate.

The variable capacitor in fi gure 5 and 6 

(Condensateur Etalon) was made by the 

French fi rm Verisol (in Paris). The ca-

pacitance can be adjusted on the front 

panel from 70 .. 1200 pF by means of a 

coarse and fi ne adjustment dials. By 

turning the dials the half-round blades 

are rotated ‘in between‘ the fi xed blades.

Due to parasitic capacitances, these 

capacitors need a calibration chart. It 

should be noted that the creation of a 

calibration chart requires the availabil-

ity of higher precision capacitors and a 

measuring device able to measure the 

diff erence between two capacitances. 

Another example of such a variable ca-

pacitor is the Philips GM 4352 standard 

capacitor that was introduced by Philips 

around 1952. This standard capacitor 

(fi gure 8) has a variable capacitance 

ranging from 60 to 300 pF. No calibration 

chart is needed for this device because of 

the use of many trimmers (see fi gure 9). 

Thanks to the purely mechanical 20-

turn mechanism shown in fi gure 10 

there is only one knob for adjusting 

the value of the capacitor.  To increase 

the readout accuracy a mirror and a 

hairline are provided as in well-known 

high precision volt and ampere meters.

The data sheet is availa-

ble on the web in ref. [2]. 

Measuring capacitance values

To measure the capacitance value of a 

capacitor usually a bridge circuit de-

rived from the well-known Wheatstone 

bridge is being used.  The Wheatstone 

bridge (fi gure 13) is operated by adjust-

ing the potentiometer until the bridge 

is balanced and the meter reads zero. 

The value of the of Rx can be calculat-

ed from the value of a known Resist-

ance R2 and the potentiometer ratio. 

Both alternating current and direct 

current can be used to feed the bridge.

When the resistors Rₓ end R₂ are re-

placed by the capacitors C₂ and Cₓ, 

alternating current must be used to 

feed the bridge. When using a frequen-

cy in the audio spectrum, a headphone 

having a high impedance can be used 

for zero detection. The circuits for this 

can be seen at ref. [3] and in fi gure 13. 

When the bridge is balanced, the value 

of the capacitance Cₓ can be expressed 

as Cₓ = C₂ · (R₁ / R₂) where C₂ is a stand-

ard capacitor having a high accuracy.

The above reasoning is perfected 

in a capacitance measuring device 

from Siemens, to be described below.

As an example of a device capable of 

high precision capacitance measure-

ments we shortly discuss the Siemens 

Kapazitäts Meßbrücke (capacity meas-

uring bridge) type Rel. 3 116 (see fi gures 

11 and 12) which was bought around 

1958 by the Laboratory for High Voltage 

Technology in Delft and which is now in 

the Study Collection. This bridge meas-

ures capacitor values from 0.001 pF to 

100 µF and is directly readable for fre-

quencies of 200, 800, 2000 and 5000 

Hz. The measurement of tan δ is possi-
ble from 0.5 .. 100. 10-3. The accuracy in 

the range from 10 pF to 10 µF is 1 ‰. The 

schematic diagram is given in Figure 12. 

This box only contains the bridge cir-

cuit. There are no electronic devices in 

this box. The input measurement signal 

is to be provided through the connec-

tors ‘Sender’. The output signal of the 

bridge appears at the connectors ‘Emp-

fänger’. Both Sender and Empfänger are 

coupled to the bridge circuit via trans-

formers  and therefore the bridge is 

fl oating with respect to the signal earth. 

With these kind of measurement it is vi-

tal to provide for proper double shield-

ing of parts of the bridge as can be seen 

in the schematic diagram in fi gure 12. 

The reference element of the bridge is 

a capacitor CN of 10,000 pF. In this Sie-

mens bridge circuit the usual bridge 

resistors are replaced by coils with taps. 

The switches S₁ to S₄ are used to deter-

mine the measurement range. These 

switches form a so-called Kelvin-Varley 

voltage divider (see ref. [4]). The switch 

S₅ is used for measuring tan δ. Using 
coils is much more expensive than using 

resistors but leads to an extended meas-

urement range and a better accuracy. 

Capacitors to be measured are connect-

ed to pins a and m on the front panel. 

Diff erential measurements are possible 

by connecting a second capacitor to the 

pins m and b. Additional documentation 

is available from the author; see ref. [5].

Figure 11. Siemens Rel. 3 116 high precision capacitance bridge, and the interface’s manual entry

Study Collection
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[1] http://www.breem.nl/TechThemas/Condensatoren.htm   (in Dutch)
[2] Variable Standaardcondensatoren Philips GM 4352:  [https://elektrotanya.com/philips_gm_4351_4352_4353_100_300_1

000pf_variable_standard_condensators_1952_sm.pdf/download.html]
[3] Meting van condensatoren, in: Meetinstrumenten; De Muiderkring, 4th printing, pp (46-49), 1953 (in Dutch)
[4] https://en.wikipedia.org/wiki/Kelvin%E2%80%93Varley_divider
[5] Siemens Kapazitäts Meßbrücke type Rel. 3 116, 200 bis 10.000 Hz; Beschreibung und Bedienung (in German), 1959
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Two fi nal remarks will be made here:

(1) Normally, a signal generator using 

vacuum tubes will be used to provide 

the signal to the Sender connectors and 

at the Empfänger connectors a (possible 

tuned) vacuum tube voltmeter will be 

used to provide for more accurate nulling

(2): It is rather unclear what use can be 

made of a measurement range down 

to 0.001 pF. The Siemens documen-

tation only mentions one application 

area: the measurement of capacity 

between electrodes in a vacuum tube 

( e.g. between a grid and the anode).

Modern developments

Nowadays capcitance measurements 

are done with modern equipment such 

as the Andeen- Hagerling Inc. AD 2700A 

shown in fi gure 14. This machine has 

an outstanding accuracy and stabili-

ty traceable to NIST-standards. Some 

specifi cations are: Accuracy at 1kHz of 

5 ppm; Stability better than 1 ppm/year; 

True Resolution at 1kHz of 0.5 attofarad 

(0.000 0005 pF) and 0.15 ppm; Report-

able resolution of 0.1 attofarad (10-7 pF); 

Temperature coeffi  cient of 0.03 ppm /°C; 

Measures extremely low loss at 1kHz 

down to a dissipation factor of 1.5·10-8 tan 

δ, a conductance of 3×10-7 nanosiemens 
or a resistance up to 1.7×106 gigohms; 

Operating frequency is 50.000Hz-

20.000kHz ±0.0025% in discrete steps.

Such a machine also allows for auto-

mated measurements using a GP-IB 

(IEEE-488) bus.  A few application ar-

eas are copied from the above web 

page: Capacitance measurements on 

Carbon nano tubes, on Liquid Cristal 

Displays and on Superconductivity.

The machine shown here is in use at 

the group Electronic Instrumenta-

tion in the EEMCS faculty for meas-

urements on capacitive gas sensors. 

Conclusion

This article has provided a short over-

view ofa the use and measurement 

of (standard) capacitors. Measure-

ments of capacitors has been impor-

tant from the early twenties of the 

previous age and is still important 

in these days for determining ca-

pacitances of many kinds of sensors. 

Ê

Figure 12. Circuit diagram of the Siemens capacitor bridge

Figure 14.  Andeen-Hagerling Capacitor Measurement System
Figure 13. A wheatstone and the derived  
Capacitor bridge.
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High-Voltages and Large 
Currents

By crossing the doorstep of the Electri-

cal Engineering building, located at the 

Kanaalweg 2b in Delft, I made, in 1967, 

my fi rst step into the world of Electri-

cal Engineering. Repairing and building 

radios and transmitters during high 

school had planted the fi rst seeds of in-

terest. That magical things happen in 

the world of electrical engineering, I had 

already read in the books of Leonard de 

Vries. Electronics was the motivation to 

start my study Electrical Engineering, 

but that I later switched to Electrical 

Power Engineering was because of the 

impressive equipment that is being used 

and later in my life the circuit breaker 

became the device that stole my heart. 

Let me tell you how that happened.

After my graduation in 1974, the oblig-

atory military service still existed, and I 

was in the fortunate position to be able 

to choose for taking service in a devel-

opment aid programme of the Ministry 

of Foreign Aff airs instead. I got the posi-

tion of electrical engineer with the Min-

istry of Works and Housing in Northern 

Nigeria. For nearly two years I lived in 

Katsina, a city with a long history, at the 

edge of the Sahara Desert, 80 kilometres 

from the border with Niger.

After I came back to the Netherlands, it 

was time to look for a job. I had an in-

terview with the Dutch Railroads, since 

my graduation subject was about ener-

gy storage in fl ywheels when braking 

trains feed electricity back to the supply. 

Another interview I had was for a posi-

tion with the short-circuit laboratories 

of KEMA in Arnhem. The two years that 

I lived in Nigeria helped to put me on the 

top of the list of persons to be invited 

for an interview. In the De Zoeten lab-

oratories at KEMA, high-voltage equip-

ment is being tested with high power: 

currents of ten thousand to a hundred 

thousand Ampères and voltages of hun-

dreds of thousands Volt are in the lab-

oratories the daily practice. The major-

ity of the devices under test are circuit 

breakers and many of the customers 

come from abroad. Therefore, quite a lot 

of travelling had to be done, and having 

international experience was a defi nite 

plus. During my study at the university I 

vaguely heard about the circuit breaker, 

but that changed pretty fast.

The Dutch power system is very reliable, 

but sometimes there is a problem that 

causes a short-circuit. If that happens 

at home, a fuse will melt, but faults in 

the high-voltage grid are of a diff erent 

order of magnitude. During normal ser-

vice, a few thousand amps fl ow through 

a high-voltage line, but the current can 

rise to tens or even a hundred of thou-

sands of Ampères in a few microseconds 

during a short-circuit. This causes very 

strong mechanical forces and a tem-

perature rise , and to prevent the whole 

system from collapsing, it is necessary 

to interrupt the short-circuit current 

within hundreds of milliseconds. That 

requires an extreme force and the cir-

cuit breaker does this job.

In the fi fteen years that I worked with 

the De Zoeten Laboratories and in KE-

MA’s High-Voltage lab, I learned a lot 

about Electrical Engineering. When one 

graduates from the University and may 

offi  cially use the title Engineer, one may 

for one day think that he or she knows 

everything about electrical engineering. 

However, when you are going to prac-

tice your skills on the job, you quickly re-

alise that the study programme teaches 

only the basics and educates some fun-

damental skills. The reality is that, after 

graduation, you are convicted to a life-

long learning.

The circuit breaker is, in its basic con-

struction not very complicated: a driv-

ing mechanism pulls two contacts 

apart that conduct the current in closed 

position. The contacts are separated 

from one another in order to interrupt 

the current path. The problem is, how-

ever, that when the contacts separate, 

the short-circuit current will try to ‘re-

sist’ this separation. This is due to the 

magnetic fl ux: the magnetic fi eld that 

is created in space by the short-circuit 

current cannot be brought back to

“The reality is that, after 
graduation, you are con-
victed to a lifelong learn-

ing.”

zero instantaneously, so the current will 

continue to fl ow. Therefore, after con-

tact separation, there will be a voltage 

diff erence in the medium between the 

23.3

Lou Van Der Sluis
Professor emeritus in Electrical Power systems

Honorary Member of the ETV

“If that happens at home, a 
fuse will melt, but faults in 
the high-voltage grid are of 
a different order of magni-

tude.”
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contacts (air, gas or oil) which gives rise 

to a strong electric fi eld, and that fi eld 

creates a plasma. This plasma has a very 

high temperature with free ions or elec-

trons that conduct the current.

The fi rst generation of circuit breakers 

simply had air as a medium, or oil. An 

example of a breaker with air as medi-

um is a manual operated disconnect-

ing switch. A handle is connected, via a 

spring, with the contact. By pulling the 

handle, the spring is charged with me-

chanical energy. This spring will make 

sure that the movable contact, which 

is pressed in between the stationary 

contacts, opens very fast. The arc (be-

ing the plasma channel that is created 

by the current) disappears when the 

AC current goes through zero every 10 

milliseconds, and cooling the arc with 

the ambient air will creates the circum-

stances to interrupt the current at that 

instant.

For the current generation of circuit 

breakers, the distinguishing medium is not 

air or oil anymore, but sulphur hexafl uoride 

(SF6). This gas has very good isolating prop-

erties: the breakdown voltage is up to three 

times higher than that of air, and better than 

Figure 1. at the closing switch, the ten-
sion of the springs causes a quick sepera-
tion of the contacts

Figure 2. The use of oil as isolation medi-
umnade for a more compact construction 
of power switches. (Photo:  QOC Utrecht)

The choice of the frequency is not as arbitrary as one might think. Between 1885 and 1900, a diversity of frequencies was 

used in the United States: 140, 133 1/3, 125, 83 1/3, 66 2/3, 60, 50, 40, 33 1/3, 30, 25, and 16 2/3 Hz. Each frequency had its own fi eld 

of application. The power frequency fi nally came out at 60 Hz in North America, Brazil, and Japan and at 50 Hz in most of 

the other countries. Nowadays, 16 2/3 (Europe) and 25Hz (North America) are in use for railway applications, and 400 Hz is 

a popular frequency on board of ships, airplanes, and oil rigs.

A too low frequency, such as 10 or 20 Hz, is useless for domestic lighting as the human eye records this as fl icker. On the 

other hand, the frequency cannot be too high as:

•  The hysteresis losses in the transformer core increase in proportion to the frequency while the eddy current losses 

increase in quadratic proportion to the frequency.

• The capacitive reactance of cables and transmission lines increases (X = −1/ωC).
• The inductive reactance, and the related voltage drop, increases(X=ωL).
• The electromagnetic interference with the radio traffi  c will grow.

Yet there is also an advantage in using a higher power system frequency: The power-to-weight ratio of transformers, 

motors, and generators is higher. In other words, the components can be smaller, while the power output is the same. The 

formula of Esson gives a generalized expression for the power of an electrical machine: P = K ·D2 ·l·n

K the “output coeffi  cient” [J/m3], which depends on the type of machine, the type of cooling, and the magnetic material 

used. D the diameter of the armature [m] l. the axial length of the armature [m] n the rotational speed of the machine [1/s]

From Esson’s formula we see that when we increase the rotational speed, by choosing a higher system frequency, the 

dimension of the machine can be smaller for the same output power 
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that of oil when the gas is pressurized. Fur-

thermore, the arc has a smaller diameter for 

the same current than it has in air, which 

means that arc heat is dissipated to the am-

bient air more quickly. On top of that, the 

recovery of the breakdown voltage of the hot 

gas is much faster, because of the electroneg-

ative properties of SF6. The design and con-

struction of high-voltage circuit breakers has 

all to do with transients Transients are fast 

phenomena in high voltage grids that occur 

after switching.

When I began to work as test engineer at the 

De Zoeten Laboratory in 1977, I entered the 

world of circuit breakers. The testing of these 

devices according IEC- and ANSI standards, 

the measuring of high currents and high 

voltages in a very unfriendly electromag-

netic environment and a lot more, deepened 

my knowledge about Electrical Engineering 

and my understanding of plasma physics. My 

fi rst introduction to the world of switching 

transients was Allan Greenwood’s classic 

book Electrical Power System Transients. 

Furthermore, I read many articles and text-

books giving me an overview of the historical 

development of the circuit breaker. The most 

I learned from my former colleagues at the 

high-voltage and the short-circuit lab-

oratories. Together, we developed new 

test circuits, designed new measuring 

instruments and built a computerised 

measuring system with transient re-

corders and work stations.

In 1990 I was appointed part-time pro-

fessor at the Delft University of Technol-

ogy, to give lectures about transients in 

electrical power systems. In 1992 I left 

KEMA and became full-time professor 

in electrical power systems, as succes-

sor of Professor Boerema who retired a 

few years before. In 1996, I thought it to 

be time to update my lecture notes and 

I had the courage to upgrade the lecture 

notes to a textbook. After four years of 

blood, sweat and tears, the book was 

published with Wiley in 2001, under the 

title Transients in Power Systems. To 

date there are more than 3500 copies 

sold world-wide and the book is trans-

lated into Korean and into Chinese.

The work for KEMA involved that I be-

came a member of IEEE and CIGRE. 

Since 1969 I have been a member of KIVI 

after the completion of my second year 

of study. I have presented the majority 

of my scientifi c publications for the IEEE 

at conferences in the United States and 

for CIGRE in Paris. Platforms that are 

not only very useful for sharing knowl-

edge, but they are also the environment 

to make friends and to meet colleagues 

in the fi eld of power engineering.

The real fun starts when you’re invited 

to take part in a working group that 

aims to deepen the existing knowledge 

in a specifi c fi eld of interest or a foreseen 

problem in or around the transmission 

and distribution of electricity. These 

international workgroups bring, as the 

name implies, work with them that can 

not always to be done during regular of-

fi ce hours. But the international aspect

compensate for that and it gave me an 

international network that I could fruit-

fully use every now and then for the ETV 

when an excursion abroad was going to 

be organised.

Ê
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Who was Professor Dr. Clarence Feldmann?

Clarence Feldmann was born in New York on January 14th 1867. In Fürth in Germany he visited both the primary and 

secondary school. There after he studied Electrical Engineering in Darmstadt. In 1905 he was appointed as professor in 

Electrical Power systems at the Delft University of Technology. Since that time, he took actively part in the design and 

construction of the transmission and distribution grid in the Netherlands.
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The Delft Energy Club

To start off , let us fi rst take a look at who we 

are and what the Delft Energy Club actually 

is all about. The Delft Energy Initative found-

ed the TU Delft Energy Club in 2009. We are 

a student-led organisation committed to 

create a platform where sustainable ener-

gy enthusiasts like ourselves can meet each 

other, learn about the latest sustainable en-

ergy technologies that are being developed 

at and around TU Delft. We want to provide 

students with a platform to connect to the 

industry, policy makers and researchers in 

the sustainably energy sector. 

The 2020 board consists of Pieter Reith, 

Sanghita Harmsen, Sofi a Jorge, Mateo Zap-

ata, Elena Marabini and myself, Simon Teluij. 

A diverse group of sustainable energy en-

thusiasts spread across master tracks at 

EEMCS-EWI, TPM and Civil Engineering/

Geosciences. We hope to tag you along in our 

journey towards a more sustainable future, 

because we believe that students can have a 

positive impact towards a more sustainable 

future!

Activities

The Energy Club is always looking for inter-

esting topics to host lectures, workshops, 

excursions and other events about. Our fi rst 

event of the year was a workshop on how 

to set up a business in a sustainable energy 

technology. In the pipeline there are some 

career events planned, tours and interesting 

lectures on hydrogen, nuclear energy, data 

and many more!

Unfortunately, due to the coronavirus we had 

to cancel all of our planned events until June. 

However, we will keep providing you all with 

interesting articles, quizzes on sustainabili-

ty and online lectures on cool topics such as 

the role that nuclear energy could play in the 

energy transition through our social media 

channels, so don’t forget to follow us at Face-

book and Instagram!

Exciting projects

As you may or may not know, the All Energy 

Day that is hosted annually is an initiative 

that come out of the Energy Club Pipeline. 

Last year, the board also hosted The Great 

Energy Debate, in collaboration with Imperi-

al College London and Shell. The event was 

held at the auditorium and live-streamed, 

and it was followed by over a thousand peo-

ple 

online as well! The previous board also took 

the Energy Club to the European Utility 

Week in Paris, which proved to be a great 

success!

One of our most exciting projects that we are 

working on is the ENLIT conference in Oc-

tober. The ENLIT conference is the former 

European Utility Week, where we also went 

last year. However, we are not only working 

on Energy Club members going there just 

to visit the conference, but also for you to 

actually take part in the conference as well! 

Furthermore, we are in touch with the Flying 

V project – a joint eff ort of TU Delft and KLM 

to revolutionize the aviation industry – on 

having some fi rst headlines or maybe even a 

reveal event! 

For now, that is enough about us. We hope to 

see you around soon at one of our events, on-

line or in real life!

Ê

Simon Teluij

     

      

Figure 1. The energy club! from left to right: Sofi a Jorge (Secretary), Elena Marabini (Web-
site Coordinator) , Pieter Reith (Chair), Sangitha Harmsen (External Relations), Simon 
Teluij (Treasurer) and  Mateo Zapata (Project and Strategy Manager) 
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Student’s experiences with their minors
Not a Minor Choice

23.3

Self-composed minor  abroad

Everyone will have to make a diffi  cult choice during their bachelor: What minor they will do. For everyone who 
still has to make this decision, we put together stories of the students who already did their minor. 

I always wanted to do a minor abroad. Going as far as to the States seemed like a 

good idea, to experience something completely diff erent than I was used to.

 And it defi nitely was: the people were more laid-back. I had a bit of a “high school” 

experience, since the courses were less exam focused, but you got more grading 

for the progress within the semester. Also, the courses were way diff erent than 

I’m used to.Since I had the opportunity to compose my own minor, I even selected 

the course Ancient Greek Philosophy. This needed a bit more eff ort than I liked, 

but my interest in Greek philosophy got me through it. 

UF (University of Florida) helped me well with acclimating to being an interna-

tional student. I was put in dorms (I chose for this), and got to know the dorm 

experience. UF organizes a lot of extracurricular activities, such as a club that is 

focused on designing an app for events on campus. I joined this team and learned 

a lot about working in a large group (80+ people). It was also strange to see the 

love everyone connected to UF had for the “Gators”, the UF American football 

team. A lot on campus is Gators-oriented and even I got to enjoy the games and 

know the Gator chants by heart. 

Going to UF was an amazing, educational and interesting experience and I would 

recommend to anyone to do the same!                Ê

Daniel van Paassen 

Self-composed minor  abroad
Do you want to diversify or go in-depth on a specifi c topic? For me, the answer 

was diversifying, I needed a break from all the theories and equations. I wanted to 

travel, experience a bit of the world and all the diff erent cultures out there. There-

fore I set my aim for The University of Sydney. Many hours of hard work later I got 

accepted and began July I travel to the other side of the world. 

I participated in a self-composed minor in Entrepreneurship, Bussines Negotia-

tions, Object-Orientated programming, and Philosophy. Every single subject was 

of excellent quality wit amazing lectures, especially the business courses. The 

content of the material was fascinating. However, philosophy was a bit lacking, 

in my opinion.

I found my housing at the University regiment building together with 600 other 

amazing people. Living in this fantastic community allowed me to make many 

new friends with whom I went on amazing trips across the country. Great barrier 

Reef, Urulu, Bondi beach, to name a few.

The primary thing I learned while in Sydney (besides all the course information) is 

being genuinely independent and able to adapt to new environments.

I would recommend such a study abroad experience for everyone!  And if I had the 

chance to do it again, I would!              Ê

Jasper-Jan Lut

Figure 1. The Gators hand sign

Figure 2. In front of the University of Sydney
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Robotics  

     

   

   

   

  

   

 

  

  

In the meantime you will work together on conceptualizing, design-

ing and building a prototype robot for a real life client. This can be 

Onno Twisk

pretty much anything. Examples from last year include: KLM, Ahold Delhaize and Xella. Besides these big companies there are also 

a few self starters that want to see if their once-in-a-lifetime idea has merit. Last year this brought us a golf trainer robot, a beach 

cleaning robot and even a robot that can make a cardiac ultrasound autonomously. 

               Ê

Figure 3. The project Onno worked on: a heart echo device

Electrical Sustainable Energy Systems

ESES is one of the more prominent choices for an Electrical 

Engineer because it is an EEMCS minor. The minor is mainly 

focused on students who are interested in the following topics: 

Renewable energy sources, power systems and future power 

challenges. These topics fi t my interests and I did not want to 

study abroad, so I chose for ESES.

The minor consists of eight courses, of which two projects. 

Three courses are introductory courses on sustainable ener-

gy systems: Solar Energy, Wind Energy and Sustainable En-

ergy Technologies. The two projects, which are fairly easy in 

comparison with the bachelor Electrical Engineering, off er an 

insight into sustainable energy technologies and more im-

portantly: the challenges of future power systems. I consid-

ered the last three courses as broadening courses since these 

courses are electives for non-EE students: Energy effi  cien-

cy, Reliability of Sustainable Power Systems and Agent-

based energy markets.

Rein Roeleveld

Figure 4. ESES focusses a lot on sun and wind power

It must be said that I really enjoyed this minor. The overall organization was surprisingly good and the learning objectives were met. 

The study material is very actual and you will defi nitely get a better insight into the challenges for future power systems. 

Also, I would like to point out the following: this minor is, in comparison with other EEMCS minors, considered easy. Especially for 

students with an Electrical Engineering background, there is plenty of spare time for other activities. It takes little time and eff ort 

to score high grades for the courses. Students from other faculties had a harder time since they also had introductory courses on 

power engineering.                         Ê
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A day in the life of...
Bachelor Column

 

   

  

   

  

 

 

  

  

 

  

  

 

 

 

 

 

   

  

  

  

 

   

 

 

 

 

 

 

 

  

  

Ê

23.3

Laura Muntenaar

     
   

36 April 2020

���� � ���� ���� �� ������ ���� � ����� 
���� ���� ������ ��� ��� ����� � ������ 
��� ���������� ��� ���� ������� �� ��� 
��� �� ��� ���������� ���� ����� ����� 
���� ����� ����� � ��� ����� ��� ����� 
���� ���� � ���� ���� � ����� ����� 
��� �������� ����� � ������� ��� �� ���� 
�� ��� ������ ���� ���� ����� �� ���� � 
���� ������� ���� ��� ���� ��� ������ 
�� �� ����� � ��� �������� �� � ��������� 
����� ����� �������� �� ��� ������� ��� 
�������� �� ���� ������� � ������ �� 
������� �� ����� �� ���� ���� ���� ���� 
� ��� �����

       
        

         
        

         
     

       
     

     
      

           
         

       
        

       
        

          
        

         
     

       
     

     
      

           
         

       
        

       
        

          
        

         
     

       
     

     
      

           
         

       
        

       
        

          
        

         
     

       
     

     
      

           
         

       
        

 

 

��� �� ��� ����� ������ ���������� ����� 
������� ��� ������� �� �� ��� ���� ���� 
��� �� ���� �� ��� ��� � ������� �� ����� 
������ �� ��� � ������� ����� ���� ���� 
�� ����� �� ����� � ����� ��� �������� ��� 
����������� ������ ����� ������� ���� 
���� ��� � ������� ���� ����� ��������� 
������� ���� ��� �� ��������������� 
����� ���� ��� ������������ ����������� 
��� ������� ����� ����� ����������� ���� 
������� �� ��� ����� � ���� ��� � ��� �� � 
����� ���� ��� ���� ���� �� ��� �� ���� 
�� ����� �� �������������� � ��� ���� 
���������� � ��� ������ ���� � ���� ���� 
���� 
 

       
        

       
      
         

       
     

       
        

       
      
         

       
      

       
        
        

        
         

         
       

        
  

       
        

       
      
         

       
        

      
     

       
        

       
      
         

       
        

      
     

�� ���� ������� ������ �� ����� ��� 
������� ��� � ����� ���� ����� �� 
���� ������ �� ���� � ����� ������ ��� 
�� ����� ������ �� ����� � ����� �� 
���� � ������ ��� ���� �� ����� ���� �� 
�� ����� ���� �� ���� �� ��� �� ���� 
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Honestly, I would describe it as the dou- 
ble-edged sword of being a girl in elec- 
trical engineering. On one end, people 
notice and applaud me a lot more than 
they do the guys.

���� �'� ����� ���������� � ����� ���� ���� ������� ���� � ������� ��� ������� ���� ��� �������� ������ 
������ ������� �� �������� �� ���������� �������� � ���� �� ������ �� ��� ������ ������� ����� ��� ��� ������ � 
����� �� ���� ��� ���� �� ��� ������� ���� ��� ��������

�� ��� ����� ����� �������� � ��� 
������ ��� ���������� �� ��� ���� �� �� 
����� ��� ������ ������� ��� �� ���� 
������ �� ��� �� ������������ �� 
������� ��� � ����� ��� ��� ���� �� ���� 
��� ���������� �� ����� �� ���� ������ 
��������� ��������� �� ����� �� ���� As one 
of these women once proclaimed” 
When people hire new people, they tend

       ������ �� Laura Muntenaar, the Electrical Engineering student.



A day in the life of...
Master Column

Why did you pick Signals & Systems?

When I started studying I initially 

thought I would go for an Embedded 

systems master. This changed however 

in the second year when the Signals & 

Systems courses started. I found that 

the abstract nature of it clicked with 

my brain very well. In addition, the ex-

amples and applications given in these 

courses were often audio related. I have 

been a voluntary audio engineer in a 

small music venue since 2012 and have 

since been in charge of all the associat-

ed systems. It was thus very interesting 

to learn about the theory behind the de-

vices I would use every weekend and the 

system setups presented in the courses 

felt very familiar.

Is Signals & Systems what you expect-

ed?

It does involve a lot more statistical 

methods than I may have thought, 

which makes a lot of sense given how 

theoretical the track is. I would maybe 

have expected a bit more on hardware 

implementations but in general the 

content still excites me. In addition to 

the core DSP stuff  I chose to take a few 

Wireless Networking and Computer En-

gineering courses to broaden things up 

a bit and possibly add some useful con-

text for the future.

In which fi eld would you like to work af-

ter your master?

Given my passion for audio and live 

music it would excite me very much to 

work in music technology. A personal 

goal would be to once work on a large 

format digital mixing system as used in 

festivals and large venues. A bit less im-

pressive looking, but way more capable 

than their analog counterparts (which 

aren’t really produced in big numbers 

anymore). Besides, I think there is still a 

lot to be gained in public address sound 

reinforcement, especially when there 

is no one available turning dials all the 

time. A more creative instalment like 

working on synthesizers would also be 

very cool. Most of the large companies 

in this fi eld are not located in the Neth-

erlands so this would likely have me 

move abroad for a couple of years.

How is studying from home working 

for you, with the current situation? Are 

you still able to have fun?

Studying from home has never been a 

strong point of mine so having to do an 

entire quarter from the kitchen table 

will almost certainly not be the nicest 

experience. There’s no real choice here 

though so I’ll probably get better at it, 

there’s not much else to do anyway (be-

sides closely watching current aff airs). I 

mostly live with my boyfriend who still 

works full time from home so that helps 

maintaining the usual rhythm.

To relax we started playing Age of Em-

pires together and I took the Wii from 

my parent’s home. There is also no 

shortage of online social initiatives and 

I’m turning an old smoking room into a 

small stage (which I consider fun) dur-

ing the weekends. 

Nevertheless, not being able to go to/

help with a bar/festival or see a band 

playing is very weird to me as I haven’t 

not done that for any extended period 

of time and eventually there will be no 

communal DIY projects left. Keeping 

busy won’t be a problem but social in-

teraction is still a basic human need. 

Let’s at least hope we all learn some-

thing during these times.
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������ �� Michal Kraaijeveld, the Signals & Systems student.



Can you fi nd them all?
Wordsearch

Have fun solving our Resonance themed word search puzzle! Words are hidden from left to right, right to left, up down and 

diagonally. Can you fi nd them all?

23.3

Archana Ranganathan

Z E Y E N U F L Z D Z Z S R H
P E C L L I A I N T M T C E O
O Y B N L E E N R W I C I C S
M L O T A Y C E N U S B N E C
M B E A J N H T C E R L O I I
P R I A C Q O R R E T H M V L
T R A N S M I S S I O N R E L
G V R O Z C G I E U C D A R A
N O U R R K S B E R J I H A T
I L N O I T R O T S I D T S O
P T D C A M R O F E V A W Y R
M A B N M A X W E L L H I G H
A G C F R E Q U E N C Y P D H
D E G N I N U T H Y G W B J B
O U Y I X L Y K T F K G X W Z

ANTENNA
CIRCUIT
CORONA
DAMPING
DISTORTION
ELECTRICITY

FILTER
FREQUENCY
HARMONICS
HERTZ

HIGH
MAXWELL
OSCILLATOR
RECEIVER
RESISTANCE
RESONANCE

TRANSMISSION
TUNING
VOLTAGE
WAVEFORM
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Activities
In times of strangeness

Koen Peelen

In these times of isolation, many events had to be can-

celled. While everyone sit at home, people have found  oth-

er ways to get their weekly dose of interaction and have 

some fun with their friends and colleages from the univer-

sity. Discords, Zooms and Slack channels are popping up 

from every community big and small, proving that we are 

social creatures after all.

  

    

    

   

More events are in the pipeline, so keep an eye out on 

whatsapp and any other channel!

Ê

23.3

April 2020 39

�������� �������� ���� ��� �� �� ������ ����� ��� ����� 
������ ���������� ��� �������� �� ����������� ��� ����� 
������ ���� ���� ��� ��������� � ���������� ������ 
�������� ���� ���� � ����� ������� ���� � ��� �� ����� 
���� ������������

� ��� ����� ����� ���� ��������� ��� ������ ����� ���� 
��� � ��� �� ���� ������ ����� ��� �� ���� ���� ���� ������ 
�� ����� ��� ���� �� �� ����� ��� ������ ��� ��� ���� ��� ��� 
���� ����� �� � ��� ������



TECHNO-A4-STAAND-ADV-JUN2019-CONT.indd   1 04-06-19   11:04


