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Almost sixty years ago, to the day,  
I saw you for the first time  
– thank you for returning my glance.
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Thank you for sharing your history, 
your future and the eternal now.
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Preface

It is important to have knowledge of both the past and the 
present. Good ideas are always based on such knowledge, al-
though new thoughts are also required. 
Together, a professor of physics interested in history, an artisti-
cally trained librarian, and a creative designer, Annika Nyberg, 
have tried to describe Physics in Lund and its 350-year history.
This has been made possible by the work of the Historical Group 
at the Department of Physics, which was founded in 2011, and 
consists of the undersigned together with Ulf Litzén (Professor 
in Physics) and Carl-Erik Magnusson (University Lecturer). 
This book is based on a large screen presentation which has been 
on display in the main entrance of the Department since 2012.
This portrayal is intended for the broader public, politicians, 
funding bodies and other decision-makers, as well as students 
and others with an interest in physics. 
The past 50 years have seen exceptional successes at the Depart-
ment due to world-class research. Furthermore, the national fa-
cility, MAX IV, has its roots in the Department, and has helped 
in bringing the European Spallation Source (ESS) to Lund.
Where does this driving force come from? 



There are several reasons for the success of the Department. One 
is undoubtedly the fact that the Faculty of Engineering, LTH, 
which was established at the beginning of the 1960s, was not 
made an independent institute, but was integrated into Lund 
University. Another is that the Department of Physics is a large, 
joint department including both the Science Faculty and the 
Engineering Faculty, in equal measure.
Each chapter of this book has its main authors, and is designed 
as an interaction between image and text. Each of the authors 
has had the help of others in both writing and choosing the il-
lustrations. In a presentation such as this it is always necessary 
to make a choice regarding which material should be included. 
Some areas of research could have been described in more de-
tail, and many other people should have been mentioned. How-
ever, it is important to point out that all the former and present 
employees of the Department have helped form its history.
We are convinced that we can all become better and wiser re-
searchers, lecturers and administrators if we know the histo-
ry behind our place of work. Such knowledge provides a firm 
foundation on which to work, and creates greater respect for the 
way in which knowledge is gained.

Bengt Forkman   Kristina Holmin Verdozzi 
Professor of Physics  Faculty Librarian
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From fencing hall  
to nano church
How the Department of Physics  
grew from one room in Kungshuset  
to today’s large department.



 From fencing hall to nano church 2

 

 
Skåne already had a proud tradition of astronomy 
through Tycho Brahe, who had revolutionised the 
science of astronomy by making careful measure-
ments of the orbits of stars, planets and comets.

When Lund University was founded  
in 1666, there was no specific chair  
in physics as we understand it today.  
It was first and foremost the two pro- 
fessors of mathematics who taught  
physics.
The University’s teaching took place  
in three places: in the choir of the  
cathedral, in Peter Lykke’s chapel in  
the south-western part of the Cathe- 
dral and in the fencing hall in the  
medieval Liberiet.

Physics in the Cathedral

Tycho Brahe 1546 -1601
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Lund’s first chair in experimental physics was  
established in 1728 and was held by Kilian  
Stobæus. However, Daniel Menlös was to  
have a greater impact on the physics in Lund. 
In the years 1728–1729, the Swedish merchant, 
engineer and amateur physicist Mårten Triewald  
held lectures at the Swedish House of Nobility  
in Stockholm on the new natural science. 
At the lectures he demonstrated  
an advanced collection of physics  
instruments that he had purchased  
in England, assisted by  
Daniel Menlös. 
Large parts of Triewald’s  
collection are now stored  
at the Science and Maritime  
House in Malmö. 

The instrument collection illustrated by  
Niclas Schenmark, a pupil of Professor Menlös.

Triewald’s instrument collection
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Otto von Guericke’s air pump, which  
belongs to the Department of Physics, 
was used in the famous experiment with 
the Magdenburg hemispheres in 1650.

Menlös becomes professor in Lund

Through an agreement with Triewald,  
Menlös used the instrument collection  
as a lure when he applied for the chair  
in mathematics in Lund, promising to  
donate the collection to the University  
if he was given the chair.
Menlös was not highly qualified for  
the post, but thanks to the promise  
of the instrument collection, he was  
appointed professor in 1732. 
He became the first to introduce New- 
tonian physics to Lund University.



 
5 First department premises 1735

Auditorium  
anatomicum-physicum

A monetary gift of 6 000 daler from 
Queen Ulrika Eleonora was used  
to rebuild Kungshuset. On the first 
floor, a lecture theatre was furnished  
as an amphi-theatre (auditorium ana-
tomicum-physicum) and a room was 
prepared for the Triewald collection.  
In 1735, the alterations were complete 
and the collection could be installed. 
It is correct to say that the Department 
of Physics now had its own premises, 
even if it was only one room.
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The current Old Bishop’s House (Gamla Biskopshuset) at  
the foot of Helgonabacken, where you can still find traces  
of a physics department, for example extra stable pillars  
and niches for galvanometers.

Four years on Helgonabacken

The instrument collection continued to 
grow. In 1834 Professor A W Ekelund 
travelled to Paris, where he bought a  
collection of modern instruments.  
These required larger premises and in 
1843 the construction of a new depart-
mental building for chemistry, physics 
and zoology began on Helgonabacken. 
At the same time, the construction of  
a new bishop’s house began adjacent to 
the Cathedral on Krafts torg.



 
7 Krafts torg 1850 – 1886

On the initiative of the bishop’s wife  
Helena Faxe, an agreement was reached  
to swap buildings, so that the planned 
bishop’s house on Krafts torg became a 
department building and the department 
building on Helgonabacken became the  
new bishop’s house. 
Everyone was satisfied. The bishop and his 
family were closer to the stables and the  
university staff thought Helgonabacken was 
too far from other university departments. 
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During the latter part of the 19th century, it  
became overcrowded once again. In order to 
manage the situation, Professor Holmgren  
rented a two-bedroom flat in the city and  
arranged for it to be furnished as a makeshift 
laboratory for research students’ use.
In 1882 the Swedish Parliament awarded a 
grant of SEK 105 000 for a new Physics De-
partment in Lund. The building was comp- 
leted in autumn 1885 and housed two instru-
ment rooms, an auditorium, 11–12 offices,  
a library, an assistants’ room, a workshop,  
and a storeroom. There was still no designa- 
ted area for laboratory exercises for under- 
graduate students. 

The old Physics building (Gamla Fysicum) on  
Hyphoffslyckan is today the Pufendorf Institute. Karl Albert Victor Holmgren  

1824 - 1905

Own building 1885
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In the park surrounding the old Physics  
building is a curious little building built  
specially to house a telescope and star  
spectroscope. 
The instrument could be used to measure 
star spectra and had been donated to the  
department by a former student, senior  
lecturer A E Andersson. The building  
is still called Donavit after an inscription  
on the wall that is no longer visible:  
AEA donavit (donavit = Latin for has given).
Donavit can be considered the predeces- 
sor to MAX IV Laboratory, the national  
synchrotron radiation laboratory, because  
it was the first building erected in Lund  
solely for spectroscopic measurements. 

19th century MAX-lab
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John Koch, who succeeded Manne Siegbahn as 
professor in 1924, worked tirelessly to acquire further 
premises. However, the Second World War supervened.  
It was therefore Koch’s successor, Bengt Edlén, who 
took over the responsibility for finding a solution 
when he was appointed to the chair in 1943. 
The new building on Sölvegatan was taken into  
service in 1950 and officially opened in 1951 by  
King Gustaf VI Adolf. 

Sölvegatan 1950 –
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Everyone thought the new building, Fysicum, 
was magnificent and were proud to work there. 
This also created a strong sense of community. 
Every afternoon at 15:00 staff drank coffee 
together and a seminar was held every Friday 
evening, at which different aspects of the rapid 
developments within physics were illuminated.

Pride and community
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The need for space for research and teaching 
continued to increase, however, and in addition 
to the original buildings (marked in red) the 
department grew as follows until 1965.

1957  Synchrotron hall (G) 
1961  Course laboratory (L) 
1962  Extension for Theoretical Physics (K) 
1964  Course laboratories for LTH (M, N, O)
1962– New buildings  
–1965 with the establishment of LTH 
 (A, B, C, D, E, F)

Continued expansion
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The department on Sölvegatan could pride itself 
on a well-equipped workshop where a number  
of skilled instrument makers manufactured the 
majority of the experiment equipment for the  
research divisions. 
When LTH was established, demand increased 
and a second mechanical workshop was added.
In 1994, the mechanical workshops were merged 
in a new workshop wing with modern equipment. 
In 2011, five people served the entire university  
and Ideon Science Park. In December 2012 the 
workshop was closed down.

The workshop at the Department of Physics, 1951.

The Academic workshop, 2011.

Academic workshop
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 Main library
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Unmanned collections spread out  
across the department eventually  
made finding items difficult. When  
Kristina Holmin Verdozzi took up  
the new post of librarian in 2001,  
planning began in earnest for a new,  
shared library. The problem was  
finding suitable premises.
When the decision was taken to  
close down the Pelletron accelerator,  
the large machinery hall stood empty  
and after extensive renovation and  
alteration it was able to house the  
shared library. 

Shared library 2006
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 Combustion physics

In 2001 the Enoch Thulin Laboratory was opened, the  
new home of Combustion Physics at Fysicum. Besides a 
dozen or so laboratories for fire safety engineering, gas  
turbine engineering, combustion engines, and laser optics, 
the building contains a unique combustion chamber. 
The laboratory is named after one of Janne Rydberg’s  
doctoral students, who was an aviation pioneer and  
started aircraft manufacturing in Landskrona.



 
17 Solid state physics & nanophysics

After twenty years in cramped premises in buil-
ding A at Fysicum, in 1984 it became possible 
for Hermann Grimmeiss, Professor of solid 
state physics, to move into a newly built wing  
of Fysicum which was named the Berzelius 
Laboratory (building Q).
In 2007 the wing was extended and specially 
equipped for the new activities in nanophys- 
ics and the nano church became a new feature  
of Fysicum. 

The first sod is turned for the Berzelius Laboratory, with 
the Professors Hermann Grimmeiss, Bengt Edlén, and 
Nils Stjernquist.



Janne Rydberg  
and his formula
On how a numerical genius from 
Halmstad became world famous.
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Johannes Robert Rydberg, better known as 
Janne Rydberg, was born in Halmstad in 1854. 
At the age of 19 he moved to Lund and began 
studying mathematics at Lund University.

The man behind the formula
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During his first years as a student, Rydberg developed 
a strong interest in the periodic table of the elements, 
which had been published in the 1860s by Russian 
Professor of Physics Dimitri Ivanovich Mendeleev.
In the table, all the known elements, 63 in total, were 
arranged in increasing order of atomic weight, and 
elements with similar chemical properties were placed 
below one another. Gaps in the table showed that not 
all the elements had yet been discovered.

The periodic table
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Rydberg’s interest in mathematics and numbers meant  
that he wanted to find a mathematical explanation of  
the periodic variation in the properties of the elements.
He suspected that there was a connection with another  
of the unsolved mysteries of physics, the spectral lines  
of the elements. Unexplained regularities had also been  
observed there.

Why is the table periodic?

In one of his attempts to find a mathematical explanation, 
Rydberg placed the elements in a spiral.
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Spectral lines
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In the 1850s, Bunsen and Kirchhoff discovered 
that the spectral lines are unique to each element. 
In a letter to a colleague, Bunsen wrote:

At present Kirchhoff and I are engaged in  
a common work which doesn’t let us sleep ... 
Kirchhoff has made a wonderful, entirely 
unexpected discovery in finding the cause 
of the dark lines in the solar spectrum.

The discovery enabled the determination  
of the Sun’s and stars’ composition and  
also the discovery of new elements.

Unable to sleep
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Many elements had very complicated spectra 
with large numbers of lines. In some simpler 
cases, series of spectral lines could be distin-
guished.
Rydberg – and many others – considered that  
it should be possible to find a mathematical 
formula to describe the lines in a series.

Solar spectrum

Spectral lines of chemical elements



 
 

25Spectral series

Rydberg’s interest was in studying periodic pro-
perties of the elements. He therefore chose to 
simultaneously study spectra from a number of 
elements that belonged to the same group in  
the periodic table, for example the alkali metals  
Li, Na, K.
These have a more complex structure than hydro-
gen and a number of series could be distinguished 
in each element.
After extensive experiments with different mathe- 
matical equations, he was able to present his first  
results in 1887 in a report to the Royal Swedish 
Academy of Sciences.

The simplest series of spectral lines had been observed in hydrogen.
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In Lund Rydberg described his work at a meeting  
of the Matematisk-Fysiska Föreningen  
(Mathematics & Physics Association) in 1888.

Today the formula is written as follows:

R, n, c1 and c2 are constants in a series of lines.  
n and m are whole numbers, where m is greater  
than n. If m increases in intervals, the formula  
describes the wavelength λ of the lines in a series.

Rydberg’s report to the Royal Swedish Academy of Sciences.

Series formula
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By changing the constants, n, c1 and c2 Rydberg was 
able to describe other series in the same element and 
even series in other elements.
His most surprising discovery was that the constant 
R was the same for all series in all elements.

The Rydberg constant
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In 1913, by introducing two simple postulates  
(theoretical predictions), Niels Bohr successfully 
derived a theoretical formula for the hydrogen 
spectrum which had the same form as Rydberg’s 
formula (with the constants c1 = c2 = 0).
The theory also gave a value for Rydberg’s  
constant R that was in good agreement with  
Rydberg’s experimental value.

Bohr’s model of the atom
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The discovery of the series formula for simple 
spectra showed that 1/λ=σ is the important quan-
tity in spectra. Quantum physics later showed  
that σ is proportional to the photonenergy.

The formula shows that a spectral line can be  
written as the difference between two terms.  
This is known as the Rydberg-Ritz combination 
principle. Quantum physics later showed that  
the terms are the atom’s energy levels.

What is now called the Rydberg constant was 
shown to be a combination of other physical  
constants. Because it can be measured very ac- 
curately using spectroscopy, it is fundamental for 
the determination of other physical constants.

Rydberg and quantum physics
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The periodic table was always Rydberg’s main 
interest. He continued to test different methods  
to explain the periodic regularities and tried to  
arrange the table in different ways.
The final explanation of the periodicity  
was found with Wolfgang Pauli’s  
postulate; that the quantum  
numbers of two electrons in a  
system cannot all be the same.
The postulate is known as  
the exclusion principle and  
was presented in 1925, six  
years after Rydberg’s death.

One of Rydberg’s attempts to  
explain the periodic regularities.

Back to the periodic table
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At the age of 47, recently appointed extraordinary  
professor, Rydberg wrote in his diary:

It appears obvious to me, when I think about 
the ways I was led to this work, which was to 
become my goal in life, that all the difficulties  
and setbacks have been just as necessary to 
facilitate the work as the successes I have had, 
or even more necessary ...

... The one who meets obstacles on the path 
he first chose and is thus led onto other possible 
paths has a much more secure path than the one 
for whom the entire field lies free and open so 
that he doesn’t know which way he may go.

My goal in life
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In 1954, to commemorate the 100th anniversary of 
Rydberg’s birth, a conference was held in Lund. 
It was attended by a number of the world’s leading 
atomic physicists, including seven Nobel Prize 
Laureates – three who had already been awarded 
the prize and four who would go on to receive it.

Niels Bohr gave a presentation entitled: 
Rydberg’s discovery of spectral laws.
Wolfgang Pauli contributed with: 
Rydberg and the periodic system of the elements.

The Rydberg conference

Niels Bohr (1922) 
Wolfgang Pauli (1945) 
Frits Zernike (1953) 
Alfred Kastler (1966) 
Gerhard Herzberg (1971) (Chemistry) 
Aage Bohr (1975) 
Ben Mottelson (1975)
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The  
Nobel Prize Laureate 
who disappeared
How a man from Örebro  
was awarded the Nobel Prize  
thanks to a lucky eye for design  
and great attention to detail.
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Assistant and Reader

Manne Siegbahn, born in 1886 in Örebro, was  
registered as a student at Lund University at the  
age of 19 and began studying physics. 
In the same year he was appointed teaching  
assistant and a few years later assistant to  
Janne Rydberg. He turned out to have a great  
talent for physics and gained a PhD in 1911 at  
the age of 25 with a thesis on methods of mea- 
suring magnetic fields.
Manne Siegbahn was soon given on a leading  
position at the department. Rydberg was prone  
to illness and, Siegbahn substituted for him. 

Manne Siegbahn 1886 - 1978



 
35Rydberg’s successor

At that time there were many unsolved mysteries  
in physics research. The discovery of X-rays and  
radioactivity and the work of Planck and Einstein 
led the research onto new lines.
After completing his PhD in 1911, Siegbahn fo-
cused his research on X-rays. During the summer 
vacations he travelled to leading departments  
of physics around Europe – Göttingen, Munich, 
Heidelberg, Paris and Berlin – to acquaint himself 
with current work.
When Rydberg retired in 1919, Siegbahn was  
internationally renowned as one of the leaders  
in his field and he was appointed directly as 
Rydberg’s successor without having to apply  
for the position.
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Mysterious rays

On one of his European trips, Siegbahn visited  
Professor Wilhelm Röntgen. Just over ten years  
previously, Röntgen had reported the discovery of  
a mysterious, penetrating type of ray. 
On the top floor of the Department of Physics in 
Würzburg, Röntgen had his private quarters, and  
on the ground floor was the department laboratory. 
On the afternoon of 8 November 1895, Röntgen 
went down to his laboratory in Würzburg and here 
he describes what he saw: 

[...] The vacuum tube is surrounded by a fairly  
close-fitting shield of black paper; it is then  
possible to see, in a completely darkened room,  
that paper covered on one side with barium pla- 
tinocyanide lights up with brilliant fluorescence  
when brought into the neighbourhood of the  
tube, whether the painted side or the other be  
turned towards the tube. The fluorescence is  
still visible at two metres distance.  In the early experiments, X-rays  

were generated in glass discharge tubes. 
The radiation was emitted from the anode 
(A on the drawing).
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Soon Röntgen could show that the rays not only 
penetrated paper screens, but also various types  
of material. He sent his report of these results to 
around 100 colleagues as a New Year’s greeting  
and soon after it was being cited in the world 
press. 
The discovery of X-rays led to intensive research 
around the world and Wilhelm Röntgen was 
awarded the first Nobel Prize for Physics in 1901. 

The first medical X-ray image, taken 
by Professor Wilhelm Röntgen of his 
wife Anna Bertha Ludwig’s hand with 
wedding ring.
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Wavelength measurements
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Since X-rays behave like a wave motion, their wave-
length can be measured. In 1913 Sir William Henry 
Bragg and William Lawrence Bragg (father and son) 
showed how the reflection in a crystal could be used 
to measure wavelengths. The formula for this came  
to be known as Bragg’s law. They received the 1915 
Nobel Prize for Physics for this discovery. 
Using Bragg’s law it became possible to determine the 
wavelength of X-rays.

Sir William Henry Bragg 
and William Lawrence Bragg
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In the shadow of the war

In 1914 Englishman Henry Moseley had discovered  
a fundamental connection between atomic number and 
wavelength in the X-ray spectra of various elements.  
He had found that if the root of the frequency ν or  
√(1/ λ) is plotted against the element’s ordinal num- 
ber in the periodic table, a straight line is produced. 
Using this type of diagram and with the help of  
Niels Bohr’s theories, Moseley was able to draw the 
conclusion that the atomic number and the charge 
number of the nucleus, Ζ, were the same number.  
Atomic numbers became meaningful. 
In August 1915 Moseley was killed in action  
at Gallipoli.
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In Lund, Manne Siegbahn had followed the deve-
lopments in the new research field that opened up. 
Siegbahn realised that Moseley’s work should be 
continued and expanded to more elements and  
other wavelength regions.
Spectrometers with the entire radiation path in a 
vacuum made it possible to observe spectra on  
longer wavelengths than previously. 
With a new method, Siegbahn was also able to 
increase the accuracy of the measurements by over 
100 times. With higher resolution, many new com-
ponents were discovered in the groups of lines that 
had previously been observed.
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Designers and instrument makers

One of Siegbahn’s pupils, Arvid Leide,  
wrote that the successes were due to:

… Siegbahn’s personal qualities as an in-
genious and inspiring teacher, his scientific 
intuition and his lucky eye for design.

X-ray tubes, spectrometers  
and vacuum pumps were  
manufactured at the  
department, initially by  
caretaker A L Pedersen  
and later by a specially  
employed precision instru- 
ment maker A S Ahlström.

Alfred S Ahlström, had his workshop on Stora Fiskaregatan 8 
in a dark room in the yard. The same room contained work-
shop, storeroom, kitchen and bed. 
He had introduced a flat rate and all repairs cost 1 krona  
and 25 öre regardless of how long they took to carry out.  
If the repair was particularly amusing or interesting then  
the work was free.
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Manne Siegbahn had a rare ability to attract 
talented doctoral students. In the years 1914 –
1925, no fewer than 15 doctoral theses were  
published, several of which were of epoch- 
making significance. The projects comprised 
systematic studies and precision measurements 
of X-ray spectra throughout the periodic table.
Two groups of spectral lines had previously 
been observed in each element, called the  
K series and the L series. Using the new spec-
trometers, it was found that the L series contai-
ned many more lines than had previously been 
observed. In 1916 Siegbahn discovered a new 
group of lines at longer wavelengths, which be-
came known as the M series. 

Siegbahns own photographic spectra with 
the L series in four different elements.

A new measurement method and the precision 
scale engraved on the lower part of the spectro-
meter, gave the great improvement in accuracy.
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Bohr’s model of the atom

In 1913 Niels Bohr had presented his model 
of the atom. With this model it was possible 
in principle to explain how the characteristic 
X-ray lines came about. In the X-ray tube, an 
electron is knocked out of an inner electron 
shell. The space is filled by an electron from 
an outer shell and the surplus energy is emit-
ted as an X-ray.
Bohr’s model could also be used to explain  
the connection between wavelengths and 
atomic numbers discovered by Moseley. 
However, the many new spectral lines obser-
ved with Siegbahn’s high-resolution spectro-
meters could not be explained. 
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In order to improve the model of the atom, 
Arnold Sommerfeld (German mathemati-
cian and theoretical physicist) assumed that 
the electrons moved in elliptical trajectories 
around the atomic nucleus instead of in 
Bohr’s circular trajectories. Sommerfeld’s 
elliptical electron trajectories assumed that 
many of the X-ray lines – as observed –  
were divided into a number of components.
Now precision measurements were needed 
that could only be performed in Lund.  
In order to access accurate data, Arnold 
Sommerfeld corresponded with Manne 
Siegbahn.The eyes of the atomic physi- 
cists were on Lund.

In a general presentation that Siegbahn held 
in autumn 1918, he said:

Based on our precise measurements,  
Sommerfeld has proved that his formula  
is generally correct. Measurements now  
exist that make it possible to check the  
value of his formula even more precisely.
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International attention



 
47New effects
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Nobel Prize

In 1922, the chair of physics in Uppsala became 
vacant, and, as previously in Lund, Siegbahn 
was offered the post without having to apply.  
He accepted and left Lund in 1923.
In 1925 Manne Siegbahn was awarded the  
dormant 1924 Nobel Prize for Physics for  
his discoveries and research in the field of X-ray 
spectroscopy.
In 1936 the Royal Swedish Academy of Sciences 
established a research institute for physics in 
Stockholm and Manne Siegbahn was appointed 
head of the institute. The primary focus of the 
research there was on nuclear physics.
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Successful students
Licentiates, doctoral students,  
and one lecturer, 1900 - 1930.
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The dream of flying ...

Enoch Thulin was an important, and unconventional, 
student of Professor Janne Rydberg. He was born in  
1881 in the small village of Simris, on the south coast of 
Sweden. Already as a child, he was fascinated by flying, 
and he began his studies at the Department of Physics  
in Lund in 1900. 

As a boy I dreamed about flying. I built my first 
flying machine at school. My university studies 
were concerned with the theoretical and technical 
aspects of flying, and I was present at the very 
first flights in Europe. I have always been con-
vinced that flying would revolutionize travel.  
The future of human culture may even rest on it. 

Apart from anything else, flying is fun!

Quote from Enoch Thulin: Forskare, flygare, företagare, by Jan Wærnberg.



 
51... comes true 

Janne Rydberg and Enoch Thulin worked 
together to develop a programme for a licen-
tiate study in aerodynamics. This led to Thulin’s, 
partially experimental, doctoral thesis, entitled, 
On the Air Resistance of Thin Sheets at Varying 
Velocity, which he defended in 1912, and which 
proved to be important in the understanding 
of aerodynamics. His examiner was Professor 
Rydberg himself, who awarded Thulin a Pass 
with Distinction.
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The industrialist

In 1914, Enoch Thulin founded Enoch Thulins  
Aeroplanfabrik, which expanded rapidly, and at  
its peak had almost 800 employees. He employed 
several scientists from the Department of Physics. 
The company manufactured engines and various  
models of aeroplanes designed by its engineers,  
and was the first aeroplane manufacturer in Sweden. 
Four different kinds of planes and three rotary  
engines were made at the factory. 
Following the death of Enoch Thulin in a flying  
accident in 1919, the production of aircraft at the 
company ceased.
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Gudmund Borelius started his studies in Lund with 
Professor Janne Rydberg as his supervisor. He presen-
ted his doctoral thesis, entitled The Surface Potentials 
of Solutions in Contact with Insulators, in 1915.
That same year, Professor Manne Siegbahn became 
head of the Department, and Borelius took over 
Siegbahn’s position as teaching assistant.
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The Swedish father of solid state physics

In his spare time, Borelius liked to draw, 
and at the age of 18 he illustrated the 
children’s story Three Red Apples, which 
was published in a children’s magazine  
in March 1907.

In 1922, Borelius became Professor of Physics at  
the Royal Institute of Technology in Stockholm.  
His field of research was solid state physics, and  
Borelius is considered to be the founder of the  
subject in Sweden. As professor at the Royal  
Institute of Technology he created the new subject  
of engineering physics in undergraduate teaching. 
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Manne Siegbahn had an exceptional ability to attract 
talented students. He could thus delegate his teaching 
duties to his assistants, enabling him to concentrate on 
research and supervising doctoral students. 
The influx of students was high at the beginning of the 
1910s due to locally administered middle schools being 
given the same status as state-run grammar schools. 
This led to large groups of students for Siegbahn to 
enthuse, and who later had plenty of opportunities to 
carry out research when the intake of students fell. 
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Who was J Bergengren?

J Bergengren was a lecturer in mathematics and 
physics, but he had problems securing a permanent 
position. In order to broaden his qualifications, he  
decided to undertake further studies in physics at the 
age of 40, and applied for an experimental course. 
Upon completing the course, he was required to carry 
out a project, and he contacted Manne Siegbahn, who 
was thirteen years his junior. Siegbahn suggested that 
he study the absorption of X-rays by different forms 
of phosphorus and phosphoric acid. 
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Bergengren’s project showed that it was possible to 
study the chemical binding of phosphorus atoms 
using X-rays. This was a historic result, which to-
day still forms the basis of chemical analysis using 
X-rays. Although he had a doctorate in mathema-
tics, he was a novice in experimental physics, but 
he became internationally known through this 
single physical study. Thanks to his new skills, he 
was appointed lecturer in mathematics and phy-
sics at Lund University.

Bergengren’s work was published in Zeitschrift für  
Physik in 1920.
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X-ray absorption

A sketch of the priciple of X-ray absorption,  
and how it is affected by chemical binding.

Axel Lindh succeeded Borelius as a teaching assistant 
in 1920, after having presented his doctoral thesis on 
X-ray absorption by chlorine, sulphur and phospho-
rus. He was naturally interested in Bergengren’s ex-
periments on phosphorus, and was able to show that 
the position and structure of the absorption limit were 
dependent on the chemical binding of the atoms. 
This was a completely new finding, which was to be 
of fundamental importance in modern spectroscopy. 
Many of the projects carried out at the MAX IV  
Laboratory today utilize this property to determine  
the structure of molecules.
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Torsten Heurlinger was born in Halmstad, some  
130 km away, but he attended upper secondary  
school in Lund. It was clear early on that he had  
a particular talent for science and mathematics. 
After obtaining his degree in physics, mathematics, 
mechanics and astronomy, he studied under Professor 
Walfrid Ekman, dedicating his time to mathemati- 
cal physics. His interest was soon directed towards  
the band spectra of molecules whose interpretation,  
in contrast to the line spectra of atoms, was still  
shrouded in mystery.

Torsten Heurlinger 1893 - 1927
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Band spectra

Heurlinger’s studies of band spectra were car-
ried out in close collaboration with Siegbahn’s 
research group, especially Erik Hulthén. He pre- 
sented the results of these studies in his doctoral 
thesis, Studies on the Structure of Band Spectra, in 
1918, aged only 25.
It had previously been assumed that the series  
of lines in a band started at the edge of the band,  
but Heurlinger showed that the series started in 
the complicated band structure (arrow).

This modern spectrum has significantly better resolution than the  
photographic spectra analysed by Heurlinger.
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Heurlinger developed a theory based on the  
rotation and vibration of molecules, and with 
the aid of the principles used by Niels Bohr in 
his atomic model, he was able to explain how  
the bands were formed. Heurlingers work form 
the basis of modern molecular spectroscopy.
Unfortunately, Heurlinger did not have the  
opportunity to develop his theories as he  
was forced to give up his research in 1920  
due to serious illness.
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Molecular spectroscopy

Erik Hulthén had worked together with Torsten 
Heurlinger in the experiments on molecular spectra. 
When Heurlinger was forced to leave the department 
due to illness, Hulthén continued the work.
Hulthén obtained his doctorate in 1923, his thesis  
entitled On the Combinatorial Relations of Band 
Spectra. Six years later, in 1929, Hulthén was  
appointed Professor of Physics at what is now  
Stockholm University.

Absorption and emission of 
an iodine chloride molecule.
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As the newly appointed Professor of Physics, 
Hulthén lost no time in appointing a professor  
of mechanics. He wanted to modernize the sub- 
ject of physics at the University and decided that 
this theoretical position should be held by some- 
one who had carried out research in atomic theory.  
The choice fell on Oskar Klein, previously a stu-
dent of Svante Arrhenius. 
Hulthén established experimental molecular phy-
sics at Stockholm University, where he carried out 
extensive studies of molecular spectra, and deve-
loped optical and spectroscopic instruments.

SA Entrance-slit for the lens equipment 
A Immersion-grating in autocollimation 
SB Entrance-slit for the concave mirror equipment 
B Immersion-grating in the Pfund-mounting 
B1 Collimating mirror 
B2 Focussing mirror 
C Photographic plate holder 
L1 Zirconium-oxide lamp 
M1, M2 Plane mirrors for multipole passages of light  
 through the absorption cell ICl 
L2 Sylvania lamp 
F-P Fabry-Perot etalon
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Niels Bohr’s assistant

Oskar Klein was interested in modern quantum  
physics already as a PhD student. At the time of the  
Siegbahn-Sommerfeld conference in 1919 he was  
Niels Bohr’s assistant, and in the spring of 1923,  
after obtaining his doctorate, he took up a position  
in Lund. At this time, Klein presented Niels Bohr’s  
theory of the atom in Kosmos, the yearbook of the  
Swedish Physical Society. By 1927, when the prin-
ciple of complementarity was formulated, he had 
become Niels Bohr’s closest collaborator.

The Klein-Gordon equation 

 
 
or in another system of units
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Klein’s paradox states that when electrons meet an electric 
potential in vacuum, the number of electrons reflected by  
the potential is greater than the number impinging on it when 
the potential exceeds a certain value.

The Klein-Nishina distribution of photon scattering angle 
at different energies.

In 1930 Oskar Klein was appointed Professor of  
Physics at what is now Stockholm University, but 
his most famous work was carried out during his 
time in Lund (1923 - 1928), namely the five-dimen-
sional unified field theory, which can be said to  
be a precursor to string theory, the Klein–Gordon 
equation, which is a further development of the 
Schrödinger equation including corrections for  
relativistic effects, the Klein–Nishina formula,  
and Klein’s paradox.

Klein the visionary



Two friends
Two physics students  
– and how their lifelong friendship 
enriched both politics and physics.
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67An avid student

Torsten Gustafson was born in Falkenberg in 1904. 
After graduating from school in Gothenburg at the 
age of 18 he started studying at Lund University. He 
was a dedicated student and obtained his bachelor’s 
degree after only 1½ years, and his master’s after a 
further year’s study. 
During this period, he shared living quarters with 
another science student, a certain Tage Erlander 
from Värmland.



 Two friends 68

A well-known student of physics

The most well-known to date, if not the 
most successful, student at the Department 
of Physics in Lund is Tage Erlander,  
later to become Sweden’s prime minister. 
He came to Lund at the age of 19 after 
graduating from school in Karlstad. 
During his very first term, he bought a 
book by Einstein describing the theory  
of relativity in popular scientific terms.  
In the autumn of 1920 he took part in 
laboratory exercises, and attended Manne 
Siegbahn’s lectures in general physics.

He obviously read it carefully, and even  
seems to think he found some typing errors.
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In 1923 Tage Erlander and two fellow students  
founded the Mathematical Society. Tage was its  
first chairman, and the members included Torsten 
Gustafson and Aina Andersson, later to become 
Tage’s wife.
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Radical students

Tage’s and Aina’s names at the top of a list of 
applicants for a course in heat and electricity.

During the spring of 1925, Tage and Aina attended 
lectures in physics, although Tage had started to take a 
greater interest in politics. There were many among the 
science students who had radical political opinions, and 
Tage Erlander was transformed, from the liberalism of 
his parents’ home, to radical socialism. 
He and Torsten both joined the radical student societies 
Clarté and DYG, De Yngre Gubbarna (The Younger Old 
Men). Tage even became a member of the Lund branch 
of the Swedish Social Democratic Party, where he came 
into contact with leading Swedish social democrats.
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After graduating, Torsten Gustafson had intended 
to continue his studies in atomic physics. However, 
a mathematical problem associated with the aerody-
namics of aeroplane wings, and later hydrodynamics, 
kept him busy for the next few years. In 1933 Torsten 
Gustafson presented his thesis: On the Magnus Effect 
on the Asymptotic Theory of Hydrodynamics.

Postgraduate students

It is the Magnus effect that causes a spinning  
ball to move in a curved path.
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Change of plans

In contrast to his fellow student Torsten, Tage Erlander 
never completed his scientific studies, but changed 
direction to a subject more in line with his political 
interests. 
In 1927 he completed a course in political science, and 
during the spring and summer of 1928 took courses in 
economics and statistics. Enthused by his new area of 
study, Tage proved to be as avid a student as his friend 
Torsten, and graduated in September 1928. 
He and Aina were married in 1930. 
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In 1935 Torsten Gustafson returned to his origi-
nal plans, and started work in the field of quantum 
mechanics, mainly problems in quantum electrody-
namics. 
He was in close contact with Niels Bohr in Copen-
hagen from 1936, and he made many friends among 
leading atomic physicists of the time through his 
work at the Niels Bohr Institute. 
In 1939 Torsten Gustafson became Professor of  
Mechanics and Mathematical Physics in Lund.  
In 1961 he became Professor of Theoretical Physics.



 Two friends 74

Established careers

By the time the Second World War broke out 
in 1939, both Torsten and Tage had influential 
positions, one as a professor and the other as an 
undersecretary of state. The war naturally had 
considerable effects on both of them, as it did  
on everyone in Sweden, and especially those in 
other countries. 
The friendship between Tage and Torsten contin-
ued, and Tage often received advice and informa-
tion from Torsten who was well-informed thanks 
to his extensive international network.  

From the first time I met Torsten Gustafson,  
who was later to become a professor, we had 
long discussions on everything between  
heaven and earth. 
A deep friendship developed between us,  
which has continued throughout the years.

From Tage Erlander’s memoirs
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Tage Erlander advanced rapidly in the Social Demo-
cratic party. He became a member of parliament in 
1932, and six years later the Erlanders moved from 
Lund to Stockholm. In 1939 he was appointed  
undersecretary of state in the Ministry of Health  
and Social Affairs, and in 1945 he became Minister  
of Education and Ecclesiastical Affairs, and was  
responsible for higher education and research.  
The spheres of the two friends were thus brought 
closer together. 
In October 1946 the prime minister of the day,  
Per Albin Hansson, passed away, and Tage Erlander 
was elected to the position of party chairman.  
The former physics student from Lund had become 
his country’s prime minister.
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A Reflection of Our Time

At the beginning of the Second World War, Lund 
University had the reputation of being more pro- 
Nazi than other Swedish universities. However, in  
1942 ten professors from Lund University pub-
lished a book entitled A Reflection of Our Time, 
emphasizing that there was also a strong anti-Nazi 
opinion at the University. Torsten Gustafson was 
the first of the authors, and described, amongst 
other things, nuclear fission, first accomplished in 
1939, which could provide a huge source of energy, 
but could also be used to make a bomb – scientists 
must investigate the laws of nature, but can not be 
blamed for the misuse others make of the discoveries.

The scientific community is a true democracy, 
where there is no racial infamy. Persecution  
is found in dictatorships, not in democracies.  
It is distorted doctrines that threaten  
civilisation. 

From Torsten Gustafson’s article in  
the book, A Reflection of Our Time.
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During the war, in August 1944, the Swedish Govern- 
ment appointed a committee to study mathematical 
and scientific research. Among the members of this 
committee were Manne Siegbahn and Bengt Edlén. 
The committee proposed a substantial expansion and 
development of scientific research, and parliament 
adopted a bill leading to 17 new professors and assist-
ant professors. 
In his memoirs, Tage Erlander thanks those who helped 
him with the bill, among them Torsten Gustafson. 

Although it was fun, my strongest feeling  
was nevertheless happiness that my failures  
in the field of science in Lund had given me  
a chance no other politician had had.
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Atomic power

After the atomic bombs had been dropped on Hiro-
shima and Nagasaki in August 1945, nuclear phys-
ics became known to the whole world. Torsten had 
constantly updated Tage on developments within 
the field. He also passed on the belief of Niels Bohr 
that it would be possible to develop nuclear power  
in a trusting collaboration. 
Erlander wasted no time, and in 1945 he appointed 
a committee to organise research into nuclear power, 
and to plan the construction of nuclear reactors.  
Torsten Gustafson was a member of this committee.  
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The A32 Lansen attack aircraft was a possible  
weapon carrier for aerial atomic bombs.

In discussions on the use of nuclear energy, the ques-
tion arose as to whether Sweden should develop nucle-
ar weapons. The extensive resources of uranium in the 
country, and the planned heavy-water reactor would 
allow sufficient amounts of plutonium to be made. 
However, strong voices were raised against Swedish 
nuclear weapons, not least by the women of the Social 
Democratic party. Erlander tried to unite the party, 
and appointed a working party including representa-
tives of all opinions. They issued the following state-
ment in December 1959: 

At the present time, overriding reasons speak 
against the development of atomic weapons. 
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European cooperation

CERN’s current 20 member states. 
The countries shown in blue were the  
founding nations in 1954.

The joint European research establishment, CERN 
(Conseil Européen pour la Recherche Nucleaire) 
was established in Geneva in Switzerland in 1953  
to balance the strong scientific dominance of the  
USA and to prevent a brain drain from Europe  
to North America. 
Torsten Gustafson was one of the Swedish delegates 
for the first ten years of its existence, and was very 
positive about the work carried out there. According 
to Gustafson, the harmonious collaboration between 
the 12 member nations was a good example that 
could be followed by others. 
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NORDITA in Copenhagen.

Niels Bohr had previously suggested that a large inter- 
Nordic research institute be established in Lund.  
NORDITA, The Nordic Institute for Theoretical 
Atomic Physics, was established in Copenhagen in 
1957, the chairman for the first five years being Niels 
Bohr. Torsten Gustafson was vice-chairman during  
the same period. When Bohr died, Gustafson took  
over as chairman and held the position until 1969. 
Theoretical physics flourished in Lund, thanks to  
Gustafson’s ability to gather gifted doctoral students, 
such as Sven Gösta Nilsson, Gunnar Källén and  
Hellmuth Hertz, around him. 
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Karin and Torsten Gustafson chatting with Aina and Tage Erlander.

The friendship between Torsten Gustafson and Tage  
Erlander lasted their whole lives. Erlander’s deep faith  
in Torsten Gustafson can be clearly seen in several  
places in his diaries and his memoirs.

Torsten Gustafson is typical of physicists who, 
more than any other group, have contributed to 
the rapid technical development of our society.

Old friendship
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The corona mystery
About the man who solved the 
corona mystery and at the same 
time proved that the temperature, 
just above the surface of the sun, is 
2 million degrees instead of 6 000 
that had previously been assumed.
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Bengt Edlén, atomic spectroscopist

Bengt Edlén was the eldest of five siblings.

Bengt Edlén was born in Gusum in the county 
of Östergötland, Sweden, in 1906. After leaving 
school in Norrköping he began studying at Uppsala 
University in 1927.
He obtained a Bachelor’s degree after just three 
semesters and began research studies under Manne 
Siegbahn, the X-ray spectroscopist and Nobel Prize 
winner from Lund.
His research assignment comprised studies of spectra 
in short-wave ultraviolet light from highly ionised 
atoms, atoms that had lost a large number of elec-
trons.
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Coronium, an unknown chemical element?

As early as 1869, the spectrum from the corona  
had been registered. The spectral lines that were 
observed, around 20 in total, were unknown and 
were not found in the spectrum from any earthly 
light source.
Many different explanations were discussed.  
It was even suggested that the corona’s spectrum 
could come from an unknown chemical element 
which did not exist on Earth and which was  
named coronium. Janne Rydberg tried to place 
coronium in the periodic table.
The solution to the problem was presented in  
1941 by Bengt Edlén.
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In an atom which is excited, given a surplus of 
energy, one or more electrons enter a higher energy 
state. When an electron then returns to a lower  
energy state, the energy is radiated as light at fixed 
wavelengths. By measuring the wavelengths of these 
spectral lines it is possible to determine the various 
energy states, the atom’s energy structure.
Bengt Edlén used spark discharges of 80 000 volts  
to ionise and excite the atoms. The spectrum was  
registered photographically in a spectrograph, spe-
cially constructed for ultraviolet light.
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Doctoral thesis
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The Sun in a new light

The temperature on the surface of the Sun is 
around 6 000 degrees centigrade. It had pre-
viously been presumed that the temperature 
around the Sun was much lower than on the 
surface. Edlén’s results showed rather that  
the temperature in the corona must be around 
2 000 000 degrees centigrade. The view of the 
Sun’s structure had to be revised. 
The interpretation of the corona lines was  
naturally published in scientific journals  
and drew a lot of attention. Bengt Edlén  
became famous even in the daily press. 
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Edlén’s early work was carried out before the age of 
computers. An important aid in his analyses was dia-
grams, on which the scale and units were chosen so 
that any errors or anomalies would be easily exposed. 
He made his calculations with the help of a mecha-
nical Odhner calculator. 
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To Lund

In 1943 Bengt Edlén was appointed Professor of  
Physics at Lund University. At the time there was  
only one Chair in Physics here. Previous holders  
included Rydberg and Siegbahn.
One of Edlén’s first tasks was to lead the planning  
of a new building for the department.
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Spectroscopy research had been con-
ducted in Lund since Rydberg’s and 
Siegbahn’s time. Edlén could now build 
on that work and his research group 
expanded the studies to include increa-
singly complicated atoms.
New spectrographs and light sources for 
different types of atom and ionisation 
stages were constructed.
Edlén was now well known in the re-
search community. He was engaged as a 
spectroscopy expert by the International 
Astronomical Union, among others, and 
on the international committee which 
drew up the new metre definition.
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Handbook article

In 1962 Bengt Edlén published Atomic Spectra in 
Handbuch der Physik. The 220-page article contained 
a summary of everything that was known at the time 
from measurements of atomic spectra, described in 
text, formulae, tables, and diagrams.



 
95Atoms and stars

By comparing the spectral lines in the light from a 
star with laboratory spectra, it is possible to tell which 
chemical elements the star contains.
With sufficient knowledge of the atomic structure, 
the lines can be used to determine how much of each 
element there is in the star and the star’s temperature.

Bengt Edlén had an early interest in astronomy.  
He began to study a special type of very hot stars  
in 1931. He said:

I view these so-called Wolf-Rayet stars as  
my special friends, since they were the source  
of my first contribution to astrophysics.

He continued with this work in Lund, and thanks  
to new laboratory studies, in 1956 he was able to  
explain almost all the details of these stars’ spectra.
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Space spectra

Edlén’s research became highly topical when the  
space research programmes began. As early as 1946,  
a rocket was sent up from the USA with a spectro-
graph for the first observations of the Sun’s ultra- 
violet spectrum.
The higher up in the atmosphere one came, the more  
of the Sun’s UV spectrum could be seen. Many of  
the spectral lines could be identified thanks to Edlén’s 
early observations in the laboratory.
New laboratory data was needed and the activities of 
the spectroscopy group in Lund expanded substantially.

Solar spectrum observed at increasing height with the first rocket-
borne spectrograph. In the bottom spectrogram the rocket has pas-
sed through the ozone layer 50 km above the earth’s surface, and for 
the first time one can see a part of the Sun’s ultraviolet spectrum.



 
97The Sun’s ultraviolet spectrum

Edlén was known as the major expert  
on ultraviolet spectroscopy and he was 
consulted to interpret spectra from space. 
He was invited to speak at conferences 
and honoured with awards in Europe,  
the USA and the Soviet Union.
Spectral lines from the very highest  
ionisation states were primarily seen  
in high-energy eruptions on the sur- 
face of the sun, known as solar flares.  
The knowledge of the atomic structure 
led to greater understanding of the com-
plicated processes in the Sun.



 The corona mystery 98

Fusion research

After Bengt Edlén retired in 1973, his early research 
became relevant once again. 
In the large tokamaks, where energy was generated 
through fusion, temperatures of tens of millions 
of degrees were reached. Density was low and the 
plasma resembled the solar corona.
Forbidden lines of the same type as Edlén’s corona 
lines could be observed. The lines turned out to be 
the best aid for measuring the temperature and  
density of the plasma.

The JET tokamak at Culham, UK.
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Bengt Edlén then started a new project in which  
he combined new observations with calculations by  
physicists in the USA and Russia and was thus able  
to predict all the relevant forbidden lines in a large 
number of ions. The results were published in a se- 
ries of articles, concluding in 1985.
The research on the structure of atoms and ions was 
continued by Edlén’s successor Indrek Martinson,  
who expanded the work to include measurements  
of the lifetimes of the atomic states. 
The astrophysics research was also continued by a 
group led by Sveneric Johansson.
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Cosmic radiation  
and heavy-ion physics
How scientists in Lund determined  
the properties of the strange K mesons, 
and then recreated the physical proc-
esses taking place a few millionths of 
a second after the Big Bang.



 
 

101The discovery of cosmic radiation

In 1912, the Austrian Victor Francis Hess ascended 
to an altitude of 5 000 m in a hot air balloon, where 
he measured ionizing radiation in the atmosphere. 
He found that this was three times higher than on 
the surface of the earth. He had discovered cosmic  
radiation. So what kind of radiation was this?  
Charged particles or electromagnetic radiation? 
As the cosmic radiation is affected by the earth’s 
magnetic field, it must consist of charged particles. 
Experiments showed that these particles had a high 
kinetic energy.

A smiling Victor Hess preparing for his 
ascent in 1912 to measure ionization at 
high altitudes using two newly develo-
ped electrometers.



 Cosmic radiation and heavy-ion physics 102

Track detectors

The cloud chamber had been developed by C T R 
Wilson in Cambridge in the 1910s. Ionizing particles 
travelling through a saturated vapour cause condensa-
tion along their path, leading to visible tracks. 
In the late 1930s, the British physicist Cecil Powell, 
working in Bristol, developed highly sensitive photo-
graphic emulsions for the measurement of high-energy 
ionizing particles.

Cecil Frank Powell (1903 -1969) 
was awarded the Nobel Prize 
in 1950 for the development of 
photographic emulsions for the 
detection of subatomic particles.



 
 

103Studies of K mesons

Towards the end of the Second World War, high 
sensitivity had been achieved in the nuclear emul-
sion technique, and many fundamental discoveries 
were made when stacks of emulsions were expo-
sed to cosmic radiation at high altitudes. 
Professor of Nuclear Physics Sten von Friesen 
and his close collaborator Krister Kristiansson in 
Lund were inspired by the results obtained by the 
group in Bristol and they started measurements 
on cosmic radiation using a Wilson cloud cham-
ber, but quickly switched to nuclear emulsions, as 
these were better suited for the determination of 
the mass of the incoming particles.

I (Kristiansson) discussed the idea of using photometric 
techniques for track analysis with Sten von Friesen,  
and drew a sketch of the new equipment. The sketch 
went to Uno Persson in the mechanical workshop, 
where the equipment was quickly made. It worked  
perfectly, and I was able to analyse the tracks made  
by various particles.
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Birgit Lindkvist

Birgit Lindkvist was a research engineer at the  
Department of Physics in Lund who developed the 
emulsion technique. She became internationally  
recognised for her work. When analysing emulsions  
the grain density is measured in relation to the end 
point of the track. Krister Kristiansson improved  
these measurements using a photometric technique.

Birgit Lindkvist was awarded an honorary doctorate in 1977 for  
her work on developing the emulsion technique, as well as the 
development of a method of measuring the height of birds in flight.
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The group in Lund was especially interested in study-
ing the mass of K mesons, or kaons. Large balloons 
were used to make photometric measurements of six 
kaon tracks at heights of 25-30 km. In 1956 they 
determined the average kaon mass to be 974 times the 
mass of an electron. The spread in the measurements 
was small, and the systematic errors negligible. It was 
necessary to use short exposure times as the tracks in 
the emulsions faded with time. 
Mesons are unstable subatomic particles. They consist 
of a quark and an antiquark, and may be uncharged 
or positively or negatively charged. The mass of the 
uncharged kaon is today known to be 973.8 times  
the mass of the electron. 

The large balloon, used by physicists in Lund, 
ready for its ascent at Cagliari Elmas Airport 
on the island of Sardinia in June 1952.
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Accelerator-based research

Photographic emulsions were still providing important 
results. Primary cosmic radiation consists of protons, 
helium nuclei and heavier atoms in the proportions 
100:10:1. 
Primary radiation was detected in the emulsion stacks 
exposed at Fort Churchill in the Canadian Arctic, 
where the incoming particles are affected by the earth’s 
magnetic field. Considerable similarities were found 
with the charge distribution and occurrence of the  
elements in our galaxy.

Spectrum of relativistic atomic nuclei in the primary  
cosmic radiation interval from neon to nickel.

The method used by the group in Lund was accura-
te but time-demanding. It was time for a transition 
to accelerator-based particle physics. 



 
 

107Multifragmentation
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Nuclear states

Bo Jakobsson was responsible for the research develop-
ment of multifragmentation in Lund. He had studied 
theoretical physics for three years at NORDITA, the 
Nordic Institute for Theoretical Physics, in Copenhagen, 
where he got to know the theoretician Jakob Bondorf. 
This laid the foundations for the understanding of the  
behaviour of nuclei at extremely high temperatures.  
Jakobsson collected a group of physicists from Lund  
with good knowledge of detectors, and together they 
performed experiments at the synchrocyclotron at 
CERN.
The next stage involved travelling to a number of large 
accelerators to carry out detailed studies on the frag-
mentation process through ultra-fast studies of neutron 
and proton emission. 



 
 

109Slow ramping mode

Theoretically calculated curves 
showing the average temperature 
as a function of the excitation 
energy according to the Copen-
hagen multifragmentation model  
for decaying A=100 nuclei.

Experimental results showing the 
same relation as that on the left for 
p + Xe collisions at the CELSIUS 
storage ring in Uppsala, using  
slow ramping mode.

Theoretical developments proceeded quickly 
alongside experimental studies. Theoreticians 
predicted a phase transformation of nuclear mat-
ter at high temperatures, in which the material 
became a phase consisting of subatomic frag-
ments. Experiments showed that the theoreti- 
cians were right. 
Experiments carried out by Lund physicists  
at the CELSIUS accelerator in Uppsala were 
decisive. This accelerator could be run in slow  
ramping mode, which meant that it was possible 
to accelerate protons from 200 to 500 MeV  
over a period of four minutes and thus study  
how fragmentation changed with increasing 
excitation energy. 
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Cosmology

The cosmological principle states that the universe is 
isotropic and homogeneous when viewed on a large 
enough scale, for example, millions of light years. This 
principle is based on Albert Einstein’s general theory 
of relativity, Georges Lemaitre’s calculations and 
Hubble’s observations that the universe is expanding. 
According to the Big Bang theory, all the material 
in the universe was initially in the form of a plasma 
containing quarks and gluons – the quark–gluon 
plasma (QGP). For some unknown reason, there were 
slightly more particles than antiparticles. The protons 
and neutrons making up nuclei as we know them to-
day were formed from this plasma when the universe 
was 10-5 seconds old. 

Georges Lemaitre (1894 - 1966) and Albert Einstein (1879 - 1955).
Albert Einstein tried to create a static theoretical model of the  
universe. In order to prevent it from collapsing under the force  
of gravity, he introduced the cosmological constant, Λ. 
George Lemaitre was a Belgian priest serving the Vatican, as well  
as professor of physics and astronomy. He proposed the theory  
of the expanding universe.
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Physicists have come increasingly closer to the  
high temperatures that characterize the QGP.  
This is achieved when heavy ions collide with each 
other in the world’s most powerful accelerators. 
Researchers from Lund have taken part in experi-
ments designed to reach ever higher temperatures  
in nuclear matter in the search for new phase trans-
formations. 
Theoreticians and experimentalists at Lund  
together developed what is known as the Lund 
Model, in which gluon strings stretch between  
the quarks. When these strings break, a large 
number of observable particles are formed,  
mainly mesons. This model is now world famous. Schematic illustration of the fragmentation  

of gluon strings according to the Lund Model.
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Heavy-ion collisions

Experimental data and simulated results of Pb-Pb collisions. 

Ingvar Otterlund,  
Professor Emeritus  
of Particle Physics.

Evert Stenlund,  
Professor  
of Particle Physics.

The heavy-ion experiments carried out by Lund 
researchers at the Intersecting Storage Rings (ISR) 
at CERN, where atom-on-atom collisions are being 
studied, were led by Ingvar Otterlund. Studies on 
the QGP continued at the Super Proton Synchro-
tron (SPS) at CERN, where even higher energies 
were achieved by Pb–Pb collisions. 
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During the 1990s, the Lund group was active in 
the construction of the PHENIX experiment at the 
Heavy-Ion Collider at Brookhaven National Labora-
tory in the USA. The main task of the group was to  
develop a specific detector system, the so-called pad 
chambers. These are large multi-wire proportional 
detectors filled with gas that record the passage of 
charged particles with high efficiency and precision. 
The Lund group is in the 2010s back at CERN using 
the most powerful accelerator in the world to date: 
the Large Hadron Collider (LHC). The group is in-
volved in the ALICE experiment with a new detec-
tor system – the Time Projection Chamber. 

Particle physicist and Professor Hans-Åke Gustafsson 
(1945 - 2010) played an important role in this field of 
research over a period of 30 years.
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A world record!

Temperatures above 5 × 1012 °C have been reached 
with the ALICE experimental set up, which means 
that a QGP has been achieved like the one that exis-
ted only a millionth of a second after the Big Bang. 
This was reported in the Swedish media on August 
16th 2012:

Five thousand billion degrees – the highest tempe-
rature ever achieved by man – has been reported by 
researchers at the LHC at CERN in Switzerland. 
Scientists have achieved the highest temperature in 
matter ever recorded by colliding lead atoms at high 
energy in an accelerator.

Alice



 
 

115When the universe was young

A phase diagram illustrating the 
transformation of normal matter 
into free quarks and gluons.

Phase transformation takes place 
when material is heated to high 
temperatures, as in heavy-ion colli-
sions. When the material expands 
and cools, the reverse process 
takes place, similar to that when 
the universe was very young.

Following the announcement on national radio,  
Anders Oskarsson, was interviewed. 

It has taken two years to determine how high the 
temperature was during the experiment. Analyses 
like these take time. When material is heated to 
high temperatures its nature changes, like when 
water is heated to produce steam. The tempera-
ture of the water doesn’t increase as more energy 
is added, but steam is produced instead. We have 
studied the process when protons and neutrons 
split into quarks in an analogous way, by meas-
uring the temperature on this side of the phase 
transformation.

This new record is about 40 % higher than the previ-
ous one, which the Lund group was also involved in. 

Anders Oskarsson,  
Professor of Particle Physics, 
from Lund University.
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The nucleus  
in the spotlight
The development of nuclear physics 
in Lund – electrostatic accelerators, 
electron accelerators, Ur-MAX, LUSY, 
MAX-lab and some aspects of applied 
nuclear physics.



 
 

117The development during 1896 –1939

One could say that nuclear physics was born in 1896, 
with the findings of Henri Becquerel concerning 
phosphorescent crystals. 
Becquerel hypothesized that phosphorescent mate-
rials, such as some uranium salts, might emit pene-
trating X-ray-like radiation when illuminated by 
bright sunlight. His first experiments appeared to 
confirm this. However, by May 1896, after other 
experiments involving non-phosphorescent uranium 
salts, he arrived at the correct explanation, namely 
that the penetrating radiation came from the ura- 
nium itself, without any need for excitation by an 
external energy source. 

James Chadwick 
The neutron was discovered in 1932.

Ernest Rutherford 
The first nuclear reaction was carried  
out in 1919: α + 14N  p + 17O.

Henri Becquerel 
Image of Becquerel’s  
photographic plate which has been fogged by 
exposure to radiation from a uranium salt. The 
shadow of a metal Maltese Cross place between 
the plate and the uranium salt is clearly visible.

 

Scattering of α- 
particles against  
a gold foil, 1911.
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Nuclear physics comes to Lund

The dropping of the atomic bombs on Japan in 1945 
changed the world, and nuclear physics became a 
new area of research, even in Lund. 
Manne Siegbahn’s PhD student, Sten von Friesen, 
arrived in Lund in 1946, and was housed in a tem-
porary building with four small rooms. In one of the 
rooms Hellmuth Hertz was planning the installa-
tion of a Van de Graaff accelerator, while in another 
a Wilson cloud chamber was being constructed 
for the detection of cosmic radiation. In the fourth 
room, Krister Kristiansson analysed nuclear emul-
sions, while Sven Johansson developed electronic 
gamma detectors.

The research group in nuclear physics in the mid 1950s.
Inserted above from the left: Eskil Möller, Bibijana Dobovisek,  
Lennart Stigmark, Berndt Waldeskog.
Above from left: Erik Alinder, Börje Persson, Åke Isberg, Nils Norlind, 
Erik Hellstrand, Lars Hansson, Per-Olof Fröman, Uno Persson.
In the middle from the left: Nils Starfelt, Nils Svantesson,  
Laboratory assistent, Elvir Andersson, Bengt Forkman, Hans Ryde,  
Kjell Jönsson, Börje Pettersson, Jan Cederlund.
In the front from the left: Göran Leide, Birgit Lindqvist,  
Holger Sköldborn, Sven Johansson, Sten von Friesen,  
Kurt Lidén, Krister Kristiansson, Hellmuth Hertz.



 
 

119Building accelerators

Sten von Friesen travelled to the USA to study new 
accelerators. He decided that a Van de Graaff acceler-
ator was ideal since it was possible to carry out pre-
cise measurements with such a machine, while being 
relatively inexpensive to run. 
A newly formed group started to construct their own 
Van de Graaff accelerator in what is now the depart- 
ment’s library. 
The accelerator consisted mostly of homemade com-
ponents, and was completed and ready for use in 1956. 

The department’s first Van de 
Graaff accelerator. The pressure 
tank surrounding the accelerator 
can be seen in the foreground.

The principle of an  
electrostatic generator.
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Accelerated protons

The Van de Graaff accelerator could produce high 
voltage up to 3 MV. It was used to accelerate protons,  
which led to different kinds of processes when they 
collided with atomic nuclei. For example, Ingvar 
Bergqvist and Nils Starfelt studied fast neutrons  
resulting from these collisions. 
These neutrons could in turn be captured and bound 
in other nuclei; a process of considerable theoretical 
interest. Fast neutrons can combine with the lead nu-
clei in two ways: Directly or indirectly via a resonance. 
Both capture processes are involved. 



 
 

121The pelletron accelerator

In 1972 the Van de Graaff accelerator was replaced 
with a new electrostatic accelerator, a Pelletron, in 
which the charge is transported by a chain of metal 
spheres called pellets, hence the name. 
A voltage of 6 MV could be obtained with this 
accelerator, and it was to prove important for the 
Department of Physics. Apart from basic nuclear 
physics research, the PIXE method (particle-in-
duced X-ray emission) for the analysis of trace  
elements was developed by Sven Johansson using 
this accelerator. 
The technical head of the new Pelletron laboratory 
was Ragnar Hellborg, who held the position for  
over 30 years. He was assisted by two research engi-
neers, Kjell Håkansson and Christer Nilsson. 

Ragnar Hellborg,  
Pelletron specialist.

Kjell Håkansson  
research engineer  
and recipient of a  
prestigious award 
from the Swedish 
Academy of Engine-
ering Sciences (IVA).

Christer Nilsson,  
research engineer 
and top-level cyclist.

The Lund Pelletron accelerator.
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Isotope production for medical studies

The isotope 18F is produced by the nuclear reaction 
18O(p,n)18F, and is used in human medical investi-
gations. After irradiation of 18O-rich water with 
protons, the 18F atoms are extracted and injected 
into the patient. The host molecule is incorporated 
into the metabolism in the patient’s body and col-
lects in tumours. The radiation from the decay of  
the 18F atom is then measured. 
The method is called positron emission tomography 
(PET), and provides a three-dimensional image of 
the region being studied.

These early PET studies were made possible by 
Ragnar Hellborg, and provided the basis for the 
further development of medical radiation physics.



 
 

12314C – a versatile tool

During the 1990s, the Pelletron accelerator was 
adapted for mass spectrometric analyses of several 
rare isotopes, mainly the detection of 14C in geo-
logical, archaeological, environmental radiological, 
and medical studies. 
An example is given in the figure to the left, which 
shows how the technique is used to determine  
the radiation dose to a person from a 14C-labelled 
pharmaceutical. Traces of the radionuclide could  
be detected in the patient’s breath four years after 
the pharmaceutical had been administered. Kristina 
Eriksson Stenström has developed this and other 
methods.
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Meteorite showers

Luis Alvarez hypothesis that the dinosaurs  
died out as the result of a collision of an aster-
oid with the earth is based on measurements  
of iridium close to the impact site. Asteroids 
have higher iridium contents than the earth’s 
crust. 
Per Kristiansson and Birger Schmitz’ group  
at the Division of Nuclear Physics construc- 
ted an advanced Iridium Coincidence Spec-
trometer (ICS) for geological stratigraphic 
studies of iridium that provide evidence of 
other major impacts during the earth’s history. 



 
 

125The giant resonance

Compilation of international data on 
the giant resonance in 16O, including 
results from the group in Lund.

When high-energy photons impinge on an 
atomic nucleus it starts to vibrate. Photons were 
produced by a 35 MeV electron synchrotron 
which was donated to the department by the 
Royal Institute of Technology (KTH) in 1953. 
This machine became known as Ur-MAX. 
Resonant vibrations are created between the 
protons and neutrons in the nucleus by pho-
tons in the energy range 15-35 MeV. Surpris-
ingly, the resonance showed a clear structure. 
This structure provided strong evidence of the 
validity of the shell model of the nucleus, which 
states that individual nucleons move in well- 
defined orbits, despite the fact that the nucleus 
is so dense. 
Pioneers in the field were Sven Johansson and 
his PhD student Bengt Forkman.



 The nucleus in the spotlight 126

LUSY

When the 1.2 GeV (1 200 MeV) electron 
synchrotron LUSY was inaugurated in 1962, 
the Photo Nuclear group, under the lead-
ership of Bengt Forkman, began a series of 
studies on high-energy photoreactions way 
above the giant resonance at about 20 MeV. 
At photon energies around and above 150 
MeV, other absorption processes, called ∆ 
resonances, take place. The direction of spin  
of one of the three quarks in the target nu-
cleon can be reversed, leading to increased 
adsorption. During de-excitation photopions 
can be emitted. 

Schematic illustration of the spin flip of a quark in a nucleon.
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When it was time to decommission LUSY, plans were 
initiated for a new facility for nuclear photoreaction 
experiments. These plans developed into what later be- 
came MAX-lab, where nuclear photoreaction physics 
was carried out until Spring 2015. 
A large part of the equipment is dedicated to a tech-
nique called tagging, where single photons with a 
specific energy can be labelled or tagged. This allow- 
ed experiments to be carried out with photons of  
well-defined energy. 

The electron, which has been slowed-down, is deflected in a  
magnetic field and then detected in one of many detector traps.  
This provides the energy of the electron, and the energy of the  
initial photon can then be determined.
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Experiments at MAX-lab

There is reason to believe that photons with an energy 
above the giant resonance, but under the threshold  
for photopion production (30-150 MeV), interact  
with quasideuterons, i.e. unstable neutron–proton 
pairs. Bent Schröder took over the leadership of the 
nuclear photoreaction group when MAX-lab became 
available for experiments.

The two curves that show the 
production of neutrons and 
protons when 12C is irradiated 
with photons with an energy 
of about 60 MeV are identical. 
This provides incontrovertible 
proof of the validity of the  
quasideuteron model.

Schematic illustration 
showing how photons 
with different energies 
interact with an atomic 
nucleus.
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Hans Ryde took over from Sten von Friesen in 
1975. Ryde was interested in the motion of partic-
les inside the nucleus. Irradiating a nucleus with 
α-particles can cause it to rotate. At nuclear spins 
above 14+, the energy of the nucleus shows a dip  
or minimum; something happens to the nucleus  
at the quantum number 16+. The nucleons  
in the nucleus normally rotate in pairs, but at high 
rotational energies this coupling is broken by the 
Coriolis force. 
In 1972 Hans Ryde and his group, working in 
Stockholm, discovered the so-called backbending 
effect in rapidly rotating nuclei. 

Below: 
Values of nuclear angular momentum 
as a function of the square of the 
angular volocity.

Rotation spectra from  
excited Hf and Er nuclei.

Hans Ryde
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New detectors

Much of what we know today about the atomic 
nucleus originates from experiments and measure-
ments on γ rays. The transition from Geiger–Müller 
tubes and NaI(Tl) crystals to solid-state Ge detec-
tors, combined with fast electronics made it possible 
to obtain γ ray spectra with considerably higher 
energy resolution. These have provided a great deal  
of knowledge on atomic nuclei. 
The nuclear structure group in Lund has also contri-
buted to this development. 

The development of γ-ray measurements.
The yrast level in a nucleus with a given spin is the level with the 
lowest energy for that spin. This international term is derived from 
the Swedish word yrast meaning the dizziest.



 
 

131Today’s nuclear structure researchers

When Hans Ryde retired, a new generation  
of nuclear structure researchers took over:  
Claes Fahlander (from Uppsala), Dirk Rudolph 
(from Göttingen, Germany) and Joakim Cederkäll 
(from Stockholm). 
They are engaged in studying increasingly inacces-
sible nuclides, in an attempt to answer questions 
such as: How many, or how few, neutrons can exist 
in a nucleus with a given number of protons? How 
heavy can a nucleus be? When does a nucleus be-
come so unstable, that it cannot exist as a nucleus? 
In other words – How many elements are there  
in the period table? 

Claes Fahlander Dirk Rudolph Joakim Cederkäll
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The 2013 Scientific Report from GSI Helmholtzzen- 
trum für Schwerionenforschung in Germany shows 
the experimental set-up used to study the decay 
chain of the isotopes 288-115, which was studied 
for the first time with high-resolution spectroscopy. 
A total of 30 atoms of the element with the atomic 
number 115 were identified during the 3-week 
experiment, during which a thin foil of radioactive 
243Am was bombarded with 6 trillion (1012) 48Ca ions. 
The experiment was led by Dirk Rudolph, and invol-
ved no less than 51 collaborators, six of which were 
from Lund. 

New element
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Sven Johansson  
and environmental 
physics 
The chemical engineer who became  
a nuclear physicist, environmental  
physicist and Vice-chancellor of  
Lund University.
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From chemistry to nuclear physics

During a solar eclipse, when the face of the Sun is hidden,  
the corona remains visible – a shining area around the edge of the Sun.

Sven Johansson was born in 1923. After graduating 
from high school in Malmö, he studied chemical engi-
neering at the Royal Institute of Technology (KTH) 
in Stockholm, and obtained his degree in 1944. 
Like many other science students he was fascinated  
by modern physics, especially the new discoveries  
concerning the atomic nucleus. He therefore started 
his postgraduate studies at the newly established  
Division of Nuclear Physics in Lund.



 
 

135Gamma spectroscopy

Sven Johansson obtained his doctorate in nuclear 
physics in 1952. In his thesis he described a new 
kind of gamma detector, a so-called scintillation 
detector using a NaI crystal as the detector material. 
He was one of the pioneers in this field, and devel-
oped the detector using the coincidence technique 
into the pair spectrometer, and quickly became in-
ternationally known.
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A pair spectrometer with 3 NaI Crystals. Scintillation detector with NaI Crystals.
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The 35 MeV synchrotron

In 1953, Sven Johansson worked at Iowa State College  
in the USA, where he conducted research using a 60 
MeV electron accelerator. When he returned to Lund, 
the 35 MeV synchrotron built at KTH had just been 
installed, and experiments on photon-induced nuclear 
reactions, so-called photonuclear reactions, started  
immediately. The very first experiment, on the distri- 
bution of energy of photoprotons when the oxygen  
nucleus was irradiated, attracted considerable inter- 
national interest.

Sven Johansson at the 35 MeV synchrotron in Lund, showing the 
set-up used for the oxygen nucleus irradiation experiment in 1965.
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Atomic nuclei absorb gamma rays over a broad 
energy interval of 15-25 MeV. This is called the 
giant resonance. According to the liquid drop 
model for atomic nuclei, oscillations arise when 
groups of neutrons and protons vibrate against 
each other. 
According to the shell model, the protons and 
neutrons in the nucleus move in discrete shells 
with defined quantum numbers. The giant reso-
nance can also be explained with this model,  
but it was predicted to also have a fine structure. 
This was exactly what the experiment in Lund 
demonstrated. 

A particle-hole transition according to the shell model.
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The structure of the giant resonance

The oxygen nucleus (16O) was irradiated with gam-
ma rays from the synchrotron, causing it to become 
excited. Protons were emitted from the excited nu- 
cleus, and detected by the tracks made in photogra-
phic emulsions. The energies of the protons could 
then be determined from these tracks. 
Not only did the energies of the protons agree with 
those predicted by theory, the angular distribution 
of the protons with specific energies was also in 
agreement with the shell model.

Spectrum showing the energy distribution  
of photoprotons from an oxygen molecule.



 
 

139Fission and cosmology

Sven Johansson also studied isotopes that undergo 
spontaneous fission, i.e. no extra energy is required 
to cause them to break up. He was one of the first  
to use Sven Gösta Nilsson’s collective nuclear mo-
del to explain the process of fission. He also obtained 
good agreement between the model and experimen-
tal results. Together with his postgraduate student, 
Clas Otto Wene, he also suggested the existence of 
superheavy elements, an area of intense research by 
Sven Gösta Nilsson and his group in the 1960s. 

The wave function is leaking through the fission barriers and 
spontaneous fission occurs.

Spontaneous fission
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Professor at LTH

In 1965, Sven Johansson was appointed pro-
fessor at the newly established Lund Institute  
of Technology (LTH). Apart from nuclear phy- 
sics, the research at his division was soon to  
take a new direction. Together with his PhD 
students, Roland Akselsson and Thomas B 
Johansson, Sven developed a new analytical 
method called PIXE – Particle Induced X-ray 
Emission – based on his experience in nuclear 
physics.
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The X-rays emitted in PIXE were detected and their 
energy was measured using the newly developed semi-
conductor detectors, which had a very high energy 
resolution. In normal X-ray analysis, the characteristic 
X-rays emitted by atoms when they are excited with 
high-energy electrons or broadband X-ray radiation, 
are measured. 
Sven Johansson and his colleagues used protons from 
a Pelletron accelerator for excitation. In this way, they 
were able to avoid the high background radiation from 
excited electrons and gamma rays. The detection limit 
was reduced by a factor of 1 000. 

Comparison between the energy resolution of a NaI detector 
and a semiconductor Ge(Li) detector.
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Characteristic X-rays

High-energy particles or X-rays can knock out an elec-
tron from an inner orbit in an atom. When the hole  
is filled by an electron from an outer orbit, a photon  
is emitted with a wavelength that is characteristic of 
that atom. 
These were the wavelengths measured with high pre- 
cision by Manne Siegbahn at the Department of  
Physics a hundred years ago. Using high-resolution 
Si(Li) detectors it is possible to determine the amounts 
of different elements in the same experiment. The low 
background in PIXE measurements allows the deter-
mination of levels as low as one part in 10-12 less than 
the sample.
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The spectrum obtained from matter deposited on a carbon foil 
left outdoors for one day shows the presence of significant 
amounts of sulphur and calcium, as well as zinc and lead, in  
the air we breath. Both K and L X-rays can be seen.

By the beginning of the 1970s environmental prob-
lems such as acidification and air pollution had been 
identified. 
The PIXE method was soon found to be suitable for 
the analysis of particles in the air (aerosols) collected 
on thin filters. At the same time, Sven Johansson was 
elected Vice-chancellor of Lund University and it was  
he who initiated the multidisciplinary Environmental 
Management Programme, in which knowledge and 
methods relevant for the understanding of the nega-
tive effects of transport and energy production on the 
environment were collected.
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New accelerators



 
 

145PIXE experiments with participants from Lund

Tycho Brahe was a famous astronomer in 
the second half of the 16th century. When 
his tomb was opened in 1966, samples of 
hair from his beard showed high levels of 
mercury, indicating that he may have been 
poisoned. New samples were taken and 
analysed in 2010, which did not support 
this theory. Jan Pallon from the Depart-
ment of Physics in Lund was a member  
of the team taking part in this study.

Research groups from six countries, including Bengt  
Martinsson from Lund, have together studied trace  
gases in the troposphere and stratosphere in an 
attempt to understand environmental atmospheric 
processes. Aeroplanes were equipped with mea- 
suring equipment allowing a large-scale study to  
be conducted on aerosols at these high altitudes.
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The leader

After only four years in Lund, Sven Johansson won 
his colleagues’ respect and was elected Vice-chancellor 
of LTH in 1967. 
When it was later decided that LTH should become  
the Engineering Faculty of Lund University in 1970, 
the professors at LTH demanded that elections  
should be held for the position of Vice-chancellor  
of the University, and Sven was proposed as a most 
suitable candidate. 



 
 

147Rector Magnificus

The 1960s were characterised by student unrest in the 
Western world, and this reached its climax in Lund  
on 28 February 1969. During a meeting between rep-
resentatives from industry and the University, students 
took over the lectern and turmoil broke out. In the end, 
the meeting had to be abandoned. 
When electing a new Vice-chancellor of the Univer-
sity a year later, many believed Sven Johansson to be 
the right person to bring about reconciliation between 
teachers and students.
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Research politics

Sven Johansson made important contributions to 
Physics in the Royal Swedish Academy of Sciences 
(KVA), and chaired the Nobel Committee for seve- 
ral years. 
Sven was a staunch supporter of small successful  
research groups, and believed that large projects  
attracted so much funding, both nationally and  
internationally, that creativity in research suffered. 
It was for this reason that he abstained when the 
Swedish Atomic Research Council (AFR) voted  
to support the expansion of CERN in 1971. He 
claimed it was a political decision, rather than a  
research decision. 

Distribution of government funds to various areas of  
physics, chemistry and CERN-based particle physics  
from 1966 to 1976. 



 
 

149The man

When Sven Johansson wasn’t working, which 
he did almost all the time, he could be found 
with a book in his hand, or listening to classi-
cal music. 
If he had any time over, he liked to drive big 
American cars or play tennis.

Sven Johansson together with his wife Aina,  
at the beginning of the 1950s.
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Atmospheric aerosols
Particles and gases in the atmosphere 
form aerosols that can affect  
the climate and our health.



 
 

151The advent of PIXE and its application to aerosols

One of the main advantages of PIXE (particle-in-
duced X-ray analysis) is that it can be used to ana-
lyse several elements at once, in a very short time, in 
small samples. This makes the method suitable for 
the analysis of aerosol samples. An aerosol lab was 
established at the Division of Nuclear Physics at 
the end of the 1960s for just this purpose. In 1973, 
researchers at the division began collaborating with 
a research group at Florida State University in  
Tallahassee, USA. This contributed to the rapid  
development of sample collection techniques, and 
the use of PIXE to study atmospheric pollution in 
both Sweden and the USA.

The term Aerosol is derived from the Greek 
aer meaning air, and the Latin solutio, mean-
ing solution. An aerosol consists of small 
particles dispersed in a gas. These particles 
can be solid or liquid, and the term aerosol 
includes both the particles and the gas. 
Typical examples of aerosols are smoke, 
fog, and atmospheric pollution.
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The first measurement

When the environmentally committed innovators of 
PIXE, Professor Sven Johansson and his PhD students 
Roland Akselsson and Thomas B Johansson, looked for 
suitable applications of PIXE in the early 1970s, they 
identified particulate air pollution, and this became the 
area that developed most rapidly.

The original output from the first series of PIXE analyses of 
aerosol samples, carried out on 15th December 1969. The first 
scientific paper on PIXE was published in 1970.



 
 

153Aerosol studies at the Division of Nuclear Physics

From the early work, a research group was formed to 
study atmospheric aerosols, including Hans-Christen 
Hansson, Bengt Martinsson, Erik Swietlicki and  
Birgitta Svenningsson. Initially, they studied the long-
range transport of aerosols across national borders, and 
source–receiver studies related to the acidification of 
soils. Later, the relation between aerosols and climate 
became of interest, especially the interaction between 
clouds and particles.

Hans-Christen Hansson, Professor at  
Stockholm University since 1994.

Bengt Martinsson, Erik Swietlicki, and Birgitta Svenningsson remained 
in Lund, and are involved in research on the effects of atmospheric 
aerosols on climate and health. Aerosols in the indoor environment are 
now being studied at the Division of Ergonomics and Aerosol Technol-
ogy in Lund, but there are still strong ties between the two groups.

Birgitta SvenningssonErik SwietlickiBengt Martinsson
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Source–receiver modelling

One way of using PIXE to trace the source of particles 
in outdoor air is to look for characteristic fingerprints, 
which are related to the composition of the particles  
collected. It is then assumed that the particles emitted 
from different sources differ in terms of their elemen-
tal composition. Hans Lannefors and Hans-Christen 
Hansson performed the first studies as early as 1978,  
in Landskrona, to determine which sources influenced 
the air in the city, and several follow-up studies have 
been carried out there over the years.

Master’s student, Hanna-Maria Frankman checks the sampling equip-
ment in the harbour in Landskrona (2008). Boliden Bergsöe AB, a 
company that recovers lead from spent batteries, can be seen in the 
background.



 
 

155Icebreaker expeditions in the Arctic

The Aerosol Group has participated in expeditions 
to the Arctic with the icebreaker Ymer in 1980, and 
with Oden in 1991, 1996, 2001 and 2008. The pur-
pose of these expeditions was to study how particles 
are formed and how they affect the pure Arctic air 
found over the pack ice in the summer. These parti-
cles, in turn, affect the clouds and thus the radiation 
balance and ice-melting. Measuring the number  
of particles, and their physical and chemical proper-
ties in exceptionally clean air that is almost free of 
particles poses a considerable challenge.

The icebreaker Oden during the expedition to the High Arctic in the 
summer of 2001.
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Cloud droplets

Cloud droplets form by the condensation of water 
vapour on aerosol particles, and particulate air pollu-
tion affects light scattering in clouds, causing consi-
derable uncertainty in climate models. The Aerosol 
Group has participated in several international cloud 
experiments, and in this way contributed through 
unique custom-built instruments invented and deve-
loped by Bengt Martinsson, and further developed 
by Göran Frank. It was found that polluted clouds 
can contain considerably more drops than previously 
demonstrated, and that clouds with weak dynamics  
may have low visibility without the formation of 
thermodynamically activated cloud droplets.
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Aerosol researchers from Lund were also pioneers  
in the measurement of particle water uptake through 
their development of Europe’s first H-TDMA  
(hygroscopicity tandem differential mobility analyser) 
under the leadership of Hans-Christen Hansson.  
Within the framework of several international 
projects, Birgitta Svenningsson and Erik Swietlicki 
investigated the water uptake of particles during  
conditions of undersaturation with respect to water  
vapour (relative humidity of 85% or 90%) and 
showed, among other things, that this particle  
property, together with particle size, is important  
in describing which, and how many, particles act  
as condensation nuclei for cloud droplets.

During measurements at Great Dun Fell, somewhat below the 
peak of the mountain ridge, which is visible in the background.  
In this way, it was possible to characterize the aerosols from 
which clouds were formed. The photograph shows clouds with 
bases higher than the peak, but when the peak is swathed in 
clouds the instruments provide information on cloud properties 
(see, for example, the DAA in the previous section).
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The field station at Vavihill

Already in the 1990s, Erik Swietlicki and his col-
leagues from the Division of Nuclear Physics real-
ized that there was a need for stations in Sweden 
to determine the extent to which cross-border par-
ticulate compounds affect our health and the cli-
mate. Work was begun on a field station at Vavihill 
on Söderåsen. This station was made permanent in 
1999, and is part of a larger European network of 
monitoring stations (ACTRIS). It has proven to be 
very important to many researchers across Europe 
and in global climate studies.



 
 

159Doubling of particles

An example of the research being carried out 
at Vavihill is the study by Adam Kristensson, 
showing that emissions from ships in the Baltic 
Sea cause a doubling of the number concentra-
tion of particles as the air travels over the sea.

This picture shows the emissions  
of particulate matter smaller than  
2.5 µm in diameter along the 
busiest shipping lanes in the 
Baltic Sea.
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Airborne measurements

The Division of Nuclear Physics has been part 
of the European consortium CARIBIC (now 
IAGOS-CARIBIC), under the leadership of 
Bengt Martinsson, since the 1990s. The upper 
troposphere and lower stratosphere are regular-
ly investigated to map aerosols and trace gases 
using instruments on board intercontinental 
passenger aircraft.

Detail from the wing of a Lufthansa Airbus 340-600 used in the IAGOS-
CARIBIC project, showing the inlet for air and aerosol particles for atmos-
pheric aerosol sampling.
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The Aerosol Group collects samples that are ana-
lysed using the accelerator-based methods PIXE 
and PESA. Their work has resulted in a unique 
time series of elemental concentrations in aerosols. 
The results have been used in combination with 
measurements from the satellites CALIPSO and 
MODIS to better describe the natural variation in 
climate associated with volcanic activity.

Time series of sulphur (S) concentrations in stratospheric aerosol 
particles. Volcanism leads to an increase in the ratio of sulphur to 
ozone (S/O3) due to an increase in the sulphur concentration. The 
different colours indicate the latitude range for the measurements. 
Vertical lines indicate powerful volcanic eruptions: Kasatochi (Ka), 
Sarychev (Sa) and Nabro (Na).
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Particle studies in the Aerosol Lab

In recent years, several studies on soot, cloud drop-
let formation and simulated atmospheric aging 
have been carried out at the Aerosol Lab in Lund, 
which has a very high international standard, and is 
a joint resource for CAST (Consortium for Aerosol  
Technology at Lund University). Thanks to the 
availability of direct-reading instruments, it is pos-
sible to carry out detailed studies on, for example, 
the transformation of soot particles to cloud drop-
lets and particle formation of volatile hydrocarbons 
from vegetation and human activities.

The potential aerosol mass 
(PAM) reactor used to speed 
up the aging of gases and 
particles that takes place  
naturally through oxidation.

Conceptual image of a condensation 
nucleus consisting of an agglomerated 
soot particle with condensed organic 
material which has started to take  
up water to form a cloud droplet.  
This image forms the basis of the  
theoretical model developed to  
describe the experimental results.

The aerosol mass spectrometer 
used to determine the chemical 
composition of aerosol particles.



 
 

163Satellites as tools in aerosol research

Satellite measurements can be used to obtain a 
global picture of how aerosols affect clouds and the 
climate. The Aerosol Group’s direct measurements 
on the ground or using aircraft can be compared 
with satellite remote sensing data. For example, 
studies have been performed to investigate how 
the number of particles in the air entering a cloud 
affects cloud droplet size and the ability of clouds 
to reflect sunlight back into space. In this way, it is 
possible to investigate whether air pollution in the 
form of small aerosol particles actually helps to cool 
the earth down, and if so, to what extent. Volcanic 
aerosol particles in the stratosphere can also affect 
high cirrus clouds and the climate.

Vertical profile of the atmosphere obtained using lidar (laser radar) on  
the satellite CALIPSO. Both hot (water) and cold (ice) clouds are formed 
on the aerosol particles.

Examples of images of clouds from the satellite-borne instrument MODIS.
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Aerosol dynamics modelling

The development of two aerosol dynamics models 
(ADCHEM and ADCHAM) was started by  
Pontus Roldin in 2008. ADCHEM is used to 
model the composition of atmospheric aerosols.  
It has been used to study, amongst other things,  
the dispersion of air pollutants from cities such  
as Copenhagen and Malmö. ADCHAM is used  
in the design and analysis of aerosol experiments  
in smog chambers. An important application is  
the study of secondary organic aerosol formation.  
Both models contribute to the work within MERGE, 
a strategic research area on climate modelling.

Comparison between the measured (with an aerosol mass spectrom-
eter) and modelled aerosol particle composition at the measuring sta-
tion Vavihill on Söderåsen, 50 km downwind of Malmö. The modelled 
organic aerosol composition has been divided into substances that 
are oxidized in the atmosphere and have then condensed on the ex-
isting aerosol particles (denoted Ox. org.), and non-oxidized organic 
substances emitted as primary particles or that have condensed 
directly without being oxidized in the atmosphere (Non-ox. org.).
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Ein Hertz für das Herz
How one family of physicists  
repeatedly makes epoch-making 
discoveries through the generations.
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A family of physicists

Hellmuth Hertz was born in Berlin in 1920  
to Ellen and Gustav Hertz. Five years later  
his father was awarded the Nobel Prize for 
Physics. Heinrich Hertz, who gave his name  
to the unit of measurement for frequency,  
was the brother of Hellmuth’s grandfather. 
Hellmuth would go on to become one of 
LTH’s most successful professors. 

Hellmuth Hertz and his son Hans, who has been a Professor 
of Biomedical Physics at KTH in Stockholm since 1997.



 
 

167Electromagnetic waves

In 1888 Heinrich Hertz was the first to prove the 
existence of the electromagnetic waves described  
by Maxwell in 1873.
A spark in the high voltage circuit produces a spark 
in the ring-shaped receiver. In further experiments, 
Hertz was able to confirm Maxwell’s theory that 
light is an electromagnetic wave motion.
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Growing up among physicists

In the early 20th century, German physics research  
was world-leading, with researchers including Albert 
Einstein, who like Hellmuth’s father was a professor  
in Berlin. 
Einstein received the 1921 Nobel Prize for Physics  
for the discovery of the photoelectric effect. The theory 
of relativity was far too controversial to be awarded  
the prize. 



 
 

169The Franck–Hertz experiment

Hellmuth’s father, Gustav Hertz, was a professor at  
the Technische Universität Berlin. In 1935, however,  
he lost the right to examine students because of the 
Nazi race laws. He then left his post as professor,  
but could continue to work as a researcher at the  
company Siemens & Halske.

The experiment showed that electrons accelerated through 
mercury vapour are slowed down when the electrons reach 
a certain amount of energy, which confirms that an atom can 
only take up energy in quantised steps.

At the tender age of 26, Gustav Hertz had carried out 
an experiment with James Franck that confirmed Niels 
Bohr’s model of the atom. Franck and Hertz received 
the 1925 Nobel Prize for Physics for their experiment. 
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Studies and war

In 1939 Hellmuth Hertz entered the Technische 
Universität Berlin, but was forced to interrupt his 
studies when he was conscripted. 
After a short period with the Afrika Korps in North 
Africa under the leadership of General Erwin Rom-
mel, the Desert Fox, he was captured and taken to the 
USA as a prisoner of war.



 
 

171Almost back home

In the USA, Hellmuth made contact with James 
Franck, who had shared the Nobel Prize with his 
father. Franck, who was a Jew, had left his post as 
professor in Germany when the Nazis came to 
power in 1933 and, like Einstein and many others, 
had moved to the USA. Franck was able to nego-
tiate for Hellmuth to continue his physics studies 
while a prisoner. 
When the war ended, Hellmuth returned  
to Europe and with the help of Niels Bohr  
in Copenhagen and Torsten Gustafson in  
Lund he got a job as a teaching assistant at  
the Department of Physics in Lund. 
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Doctoral student in Lund

As a doctoral student, Hellmuth Hertz led the 
development of Lund’s first accelerator, a 3 MeV 
van de Graaff generator. There were initially 
problems reaching the expected voltage and they 
discovered that this was due to so-called corona 
discharges in the vacuum tank.
Hellmuth had to find the reason for these dis-
charges. This led to the construction of a high 
voltage triode. The patent for the triode was  
sold to the electronics company Philips. 
The profits provided the capital for Hellmuth’s 
first car – a light blue VW 1200.
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Through Birgit Nordbring, who would go on to  
become his wife and who at the time worked at  
the Department of Plant Physiology in Lund,  
Hellmuth came to understand the need for a  
quick humidity gauge to study the plants’ regu- 
lation of transpiration to their surroundings. 
Since the conditions for a corona discharge are  
dependent on humidity, Hellmuth Hertz con- 
structed an instrument called a corona hygrometer.  
Using this equipment it became possible to study  
the plants’ regulation of their water content.
Thus problems with the atomic physics  
accelerator had led to a problem in plant  
physiology being solved. 

Experimental arrangement for  
the transpiration measurements.
T air pressure stabilizer  
P cotton wool  
H constant humidity tube  
C transpiration chamber  
S wax seal  
L leaf under investigation  
W heat radiation filler  
E electric lamp
(Teckningens olika delar är inte skalenlig)

This is how a  
corona hygrometer works 
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Why does a plant grow upwards?

Another problem, which was drawn to 
Hellmuth’s attention by Hans Burström, 
Professor of Plant Physiology, was the  
geoelectric effect of plants.

In connection with his work on the atomic 
physics accelerator, Hellmuth had devel-
oped a non-contact method of measuring 
the field strength inside the generator. 
In order to study the plants’ geoelectric ef-
fect, he now developed a non-contact elec-
trode to measure field strength of the same 
type as had been used in the generator.

When a plant or a seed is subjected to gravity,  
the parts above the earth try to grow upwards  
and the root downwards. This phenomenon is 
linked to a low voltage that occurs over i.e. a  
sunflower stalk, that is laid horizontally.
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Cardiologist Inge Edler contacted Hellmuth Hertz 
in the early 1950’s to discuss a method of studying 
the movements of the heart. Hellmuth suggested 
they try using ultrasound, which had interested him 
since his studies in Berlin.

Ultrasound technology was used for testing materials, 
and for his first experiments Hellmuth Hertz borro-
wed a machine from Kockums shipyard in Malmö. 

Ultrasound is a wave motion of the same type as normal 
sound, but with a higher frequency. At the interface bet-
ween two materials, part of the wave is reflected and an 
echo can be captured.
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Moving images



 
 

177Inkjet printer

Hellmuth Hertz’ inkjet printer. Prototyp. TM40522.

In order to print images from ultrasound examinations, 
a quick high-resolution printer was needed. Hellmuth 
started out from an existing printer, the mingograph, 
and in his attempts to modify it Hellmuth Hertz dis-
covered a way to electronically steer a jet of small ink 
drops. 
The method makes it possible to put ink onto paper in 
a few millionths of a second. 
Swedish companies showed little interest in Hellmuth’s 
innovation and he finally sold the patent rights to the 
USA. The inkjet printer was a Swedish invention that 
was commercialised abroad. 
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Esteemed professor

In 1963 Hellmuth was appointed Professor of Electri-
cal Measurements at LTH. With his colleagues and 
doctoral students he continued his research on ultra-
sound diagnostics, biophysics and inkjet technology. 

Artwork produced by artist group Beck & Ljung, 
commissioned by the Department of Electrical 
Measurements in tribute to Hellmuth Hertz.



 
 

179Prizes and awards

It is probably unique for a researcher to achieve in-
ternational success in such widely different fields and 
during his life Hellmuth Hertz was awarded a large 
number of international prizes and awards for his 
research results and inventions.

Hellmuth Hertz 1920 -1990
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Lasker Prize

Together with Professor Inge Edler, Hellmuth Hertz re-
ceived the 1977 Albert Lasker Clinical Research Award, 
the USA’s foremost award in the field of medicine.
Jury statement:

To Dr. Hertz, who brought his extraordinary  
technical knowledge and imagination from the  
field of physics to diagnostic medicine, and laid  
the foundation on which many of today’s ultra- 
sound advances have been built, this 1977  
Albert Lasker Clinical Medical Research  
Award is given.

Hellmuth Hertz and Inge Edler.
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Ekman and Källén
Two world famous  
theoreticians from Lund.
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The Ekman Spiral

Walfrid Ekman came from Stockholm and studied in 
Uppsala. He is most well-known for his theories on 
how the wind, the Earth’s rotation and friction in water 
interact, changing the direction of ocean currents with 
depth, i.e. the formation of Ekman spirals. The title  
of his thesis was, On the Effects of the Earth’s Rotation  
on Wind-Generated Flow at Sea, and after obtaining  
his PhD in 1902 he went to work at the Institute of 
Marine Research in Oslo. 

Walfrid Ekman 1874 -1954 
Swedich physicist and oceano-
grapher.



 
 

183Invisible forces

It was in Oslo that Ekman developed his theory of 
ocean currents. It had long been known that ships in 
the northern fjords were sometimes trapped in dead 
water. It seemed as if the vessels were held by some 
kind of invisible force – often referred to as demons 
of the deep. 
Ekman showed that the phenomenon was due to a 
lighter layer of fresh water that formed above the  
sea water at the mouths of rivers and when the ice 
melted. This led to backwash not only on the sur-
face of the water, but also at the interface between 
the layers of fresh and salt water, which reduced the 
speed of the ships.

The Ekman Spiral

Simplified illustration of the Ekman 
Spiral in the northern hemisphere: 
Blue – Wind 
Red – Force from above 
Yellow – Coriolis effect 
Pink – Effective direction of the current
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The textbook

Ekman was not only a gifted theoretician, but led many 
expeditions at sea. He is also known for his textbook 
in mechanics, from 1919, which was used in physics 
teaching in Sweden for over 40 years. 
Walfrid Ekman became Professor of Mechanics and 
Mathematical Physics at Lund University in 1910,  
after Albert Viktor Bäcklund. Ekman was himself  
succeeded by Torsten Gustafson in 1939. 
Walfrid Ekman was known as a serious and deeply reli-
gious person, but was also a good singer and pianist.

Ekman’s design for an ocean current meter.
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The experimental physicists had already moved out  
of Kungshuset (The King’s House) in central Lund 
in 1846, but the theoreticians remained there to-
gether with the mathematicians and statisticians. 
It was not until the 1930s that they moved into  
The Old School Mistress’s College on Sölvegatan,  
opposite what is known today as The Old Depart- 
ment of Physics. 
After this, the theoreticians moved to an apartment 
in the centre of town in Clement’s Square, and were 
finally reunited with their experimental colleagues 
when the new Department of Physics was inaugu-
rated in May 1951.

The King’s House in Lundagård.
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The student and graduate

Gunnar Källén was born in Kristianstad in 1926,  
but grew up in Gothenburg. 
After graduating in 1944, he continued his studies  
at Chalmer’s University in Gothenburg, and gradu-
ated in Electrical Engineering in 1948.
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After graduating in 1948, Källén became a PhD 
student at the Department of Mechanics and Math-
ematical Physics in Lund, where Torsten Gustafson 
was his supervisor. 
The following year, Gustafson wrote to the Nobel 
Prize winner Wolfgang Pauli in Zurich, and asked  
if it would be possible for a young man, very interested 
in theoretical physics to attend Pauli’s lectures during 
the summer term of 1949. 
Källén spent the summer in Zurich, and in July, Pauli 
wrote to Gustafson, describing Källén as gifted with 
considerable skill and talent.

Pauli, giving one of his lectures, who later referred to  
Källén as my discovery.
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Quantum Electrodynamics – QED

Researchers such as Dirac, Pauli, Tomonaga,  
Schwinger and Feynman developed quantum  
physics and described the fundamental structure  
and phenomena of matter. 
They were successful in finding the correct expres- 
sions (QED) for the interaction between photons  
and electrons, and created quantum field theory. 
With this theory, which allows the creation and  
annihilation of particles, they were able to describe 
particles as excitations of fields, and the forces be-
tween particles as the exchange of virtual particles. 
This was visualized with so-called Feynman diagrams.

Richard Feynman – QED – and his famous diagrams.
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During his first visit to Zurich, Pauli had already  
suggested to Källén that he study the fourth-order  
correction of the phenomenon of vacuum polariza- 
tion in external fields. 
Pauli was very impressed with the young man’s in- 
dependence, virtuosity and the speed with which  
he solved the problem, and his work resulted in a  
notable publication in Helvetica Physica Acta that  
same year. 
Källén and Pauli continued to correspond and Pauli 
used Källén as his advisor and scrutineer of his scien-
tific publications. 

Cecilia Jarlskog, Professor of Theoretical 
Particle Physics, has written a biography  
of Gunnar Källén.
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Doctor and husband

Källén continued his studies in QED in Lund, and 
obtained his doctorate in 1950. The title of his the-
sis was, Formal Integration of the Equations of Quan-
tum Theory in the Heisenberg Representation. 
The following year he married Gunnel Bojs, and in 
1952 he became the first researcher to be employed 
at the newly established CERN Theoretical Study 
Division in Copenhagen.
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One of the most important questions at that time was whe- 
ther QED, with its divergent integrals giving infinite ans- 
wers and renormalization techniques, was a consistent theory. 
Källén studied these problems in an original way by using 
the Heisenberg representation, and obtained new results 
beyond interference theory. 
Källén’s impressive results placed him firmly in the quan-
tum field theory Hall of Fame. It was said that he wrote 
poetry using the complex language of quantum field theo-
ry, while others could barely understand the grammar.
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The forces of nature

During the later part of the 1950s Källén broadened 
his research to include formal aspects of quantum 
field theory. 
Together with his colleagues and PhD students he 
studied the general properties of vacuum expectation 
values of the products of field operators. It was hoped 
that this would lead to theories describing the forces 
of nature. 
Källén discovered elegant relations and equations, but 
was nonetheless disappointed that his efforts did not 
lead to the new physical knowledge he had expected.

The 12th Solvay Conference of 1961 dealt with quantum field theory.
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Källén’s final field of research was theoretical ele-
mentary particle physics. He learnt the subject 
quickly by giving lectures, and wrote a much- 
admired book, Elementary Particle Physics, which 
was published in 1964. 
His final articles dealt with higher order correc-
tions in muon and beta decay. 
Källén is also known for other work in quantum 
field theory: The Källén–Sabry potentials and the 
Källén–Lehmann representation. 
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Personal Professorship

In 1958, Gunnar Källén was awarded a personal pro-
fessorship in theoretical physics. 
Gunnar Källén was much appreciated by his students, 
both as a supervisor and lecturer.



 
 

195A sudden departure
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The Gunnar Källén lectures
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Sven Gösta Nilsson  
and his Model
One of the most successful theoretical 
models of the atom ever developed, 
and the man responsible.
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The man behind the model

Sven Gösta Nilsson was born in Kristianstad in 1927. 
After graduating from high school in Helsingborg, 
he continued his education at the Royal Institute of 
Technology (KTH) in Stockholm, where he obtained 
a degree in Engineering Physics in 1950. During the 
course of his studies he spent a year in Pasadena, USA, 
where he obtained a BA.
Sven Gösta Nilssons was very successful in his studies 
at KTH, but a career as an engineer didn’t appeal to 
him, so he changed direction. 



 
 

199Lund – Copenhagen

In 1950 Sven Gösta Nilsson was accepted as a post- 
graduate at the Department of Mechanics and Math-
ematical Physics in Lund, where Torsten Gustafson 
became his supervisor. His research involved calcula-
tions of atomic structure, which led him to work close- 
ly with researchers at the Niels Bohr Institute in Co-
penhagen. 
The first real theories on the structure of the  
atom had been developed in 1911-1913, and  
consisted of a thin cloud of electrons surroun- 
ding a small dense nucleus. These theories  
were based on Ernest Rutherford’s experi- 
ments in Manchester, and on Niels Bohr’s  
model of the atom.

The Niels Bohr Institute in Copenhagen.

Ernest Rutherford 1871 -1937



 

 Sven Gösta Nilsson and his Model 200

The structure of the atom

In 1932 Ernest James Chadwick showed that the 
nucleus consisted of protons (hydrogen nuclei) and 
the hitherto unknown neutrons. As the neutron was 
not charged it could easily react with charged atomic 
nuclei to create new, heavier nuclei.
However, bombarding uranium with neutrons gave 
surprising results that were difficult to interpret.  
No new, heavier elements were made; instead, mod-
erately heavy elements were detected. The chemists  
Otto Hahn and Fritz Strassmann in Berlin found 
barium (Z=56) among the reaction products. 

An atomic nucleus is characterized by the  
number of protons, Z, and the number of  
neutrons, N. The name of the element is de- 
termined by the number of protons. For exam-
ple, the heaviest naturally occurring element  
is uranium, which has 92 protons, i.e. Z=92.

James Chadwick 
1891-1974



 
 

201Like a drop of water?

Atomic fission

The explanation came in 1938, when the physicists  
Lise Meitner and Otto Robert Frisch understood  
that the neutron split the uranium atom into two  
fragments. If the nucleus was regarded as being a  
drop of liquid, it could be understood how the neu- 
tron caused self-oscillation of the uranium nucleus. 
When the oscillations became too large, the nucleus 
broke up. As the two fragments were lighter than the 
original nucleus, energy was also released, according to 
Einstein’s famous equation: E = mc2 where m = mass, 
and c = the velocity of light. 
The process was called fission. 
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Or a spherical shell?

At the same time as the discovery of the neutron, 
it had been suggested that the atomic nucleus had 
a shell structure similar to the electron shells. The 
reason for this was that certain numbers of protons 
or neutrons, called magic numbers: 2, 8, 20, 50, 82, 126 
etc., led to especially stable nuclei.

Maria Goeppert-Mayer in USA and J Hans 
D Jensen in Germany were awarded the Nobel 
Prize in 1963 for their independent explana-
tions, in 1949, of these magic numbers; namely 
that the nucleons move in stable shells in the 
nucleus. Their angular momentum, I, and their 
spinn, s, were coupled, giving and I.s term.

Calculated single-particle levels 
shown in an original figure by Jensen 
and his colleagues from 1950, where 
the magic numbers have been inser-
ted by hand (in red).



 
 

203Or cigars and discs?

In Copenhagen, Niels Bohr’s son, Aage Bohr, and  
his American colleague Ben Mottelson (Nobel Prize  
1976), extended the calculations to prolate (disc-like)  
and oblate (cigar-like) nuclei. Experiments had indi- 
cated that nuclei far from those with magic numbers  
were easily deformed. 
Many of their colleagues shook their heads in disbe- 
lief when they heard of the attempts of researchers  
in Copenhagen to combine individual orbits with  
the collective behaviour in atomic nuclei. 
This is where Sven Gösta Nilsson enters into the picture. 

Most atomic nuclei are not spherical.
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The Nilsson Model

Sven Gösta Nilsson’s task as a PhD student was to de-
velop a model for the motion of nucleons in a deformed 
nucleus. 
In order to describe the energy levels in a spherical nu-
cleus in a simple way he started with a harmonic oscilla-
tor potential, and then added the l • s term from the shell 
model, and an l 2 term. He was then able to generalize this 
potential to non-spherical nuclei by introducing oscilla-
tions with different frequencies, ωZ and ω⊥, along the axel 
of symmetry of the nucleus and that perpendicular to it. 

The modified oscillator potential (MO) used by Sven Gösta Nilsson in his studies on deformed nuclei.



 
 

205A bestseller!
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Computations and experiments

During the following years, Sven Gösta, 
mainly together with Ben Mottelson, made 
comparisons with experimental results. 
They found that the model described the 
nuclear spin, rotational state and magnetic 
moment with amazing accuracy. 
When the agreement with observations 
was not good, it was often found that the 
calculations were correct and the experi-
mental results in error!



 
 

207Nuclear spectroscopy

The lower figure shows the Nilsson dia-
gram for Z = 50-82. In the deformed 
nuclei, the axis of symmetry is about 30 % 
longer than the orthogonal axis, with cor-
responding values of ε = 0.25-0.30. 
The upper figure shows the rotational 
band observed in the nucleus 165Tm, 
which has 69 protons. The lowest rota-
tional band is obtained if the protons are 
placed according to the filled circles in 
the Nilsson diagram, with the odd proton 
in the Fermi level [411 1/2]. The excited 
bands are obtained by exciting the odd 
proton into a higher level, or by creating a 
vacancy in a level below the Fermi level.
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Nuclear fission

In 1963, Sven Gösta Nilsson was appointed 
Professor in Mathematical Physics at LTH. 
He assembled a large group of students 
who used his model in many applications. 
They combined the Nilsson potential with 
the liquid drop model and started serious 
studies on the process of nuclear fission. 
They were able to make detailed calcula-
tions of the process, which led to the un-
derstanding of why the two products had 
different masses. The pattern followed that 
previously suggested in calculations by Sven 
AE Johansson, Professor of Experimental 
Physics in Lund.
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The tool developed by Sven Gösta Nilsson’s group 
also made it possible to study the properties of very 
heavy elements with Z>92, the transuranics, which 
do not occur naturally. 
According to the Nilsson model, Z=114 should be 
the next magic number, and a nucleus with 114 pro-
tons and 184 neutrons should be extremely stable  
and thus observable. 
They predicted an island of relatively stable nuclei  
in the region around Z=114, N=184.

A peninsula of stable nuclei and the 
predicted island of superheavy nuclei.

The island of stability, according to GN Flerov.
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The hunt for the Island of Stability

It was not until the 1990s that it became possible 
to make heavy nuclei in the region approaching the 
island of stability using heavy ions. Today, it is be-
lieved that the island is really a large peninsula with 
relatively stable nuclei in the region Z=114-126 
and N=178-184. 
During the 2010s the experimental nuclear structure 
group in Lund has become one of the main actors 
in the hunt for this peninsula, by determining the 
number of protons using X-rays. A three-dimensional image showing  

the theoretical peninsula of more stable nuclei  
around Z=114-126 and N=178-184 (from 2011).
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At the beginning of the 1970s it became possible 
to study increasingly rapidly rotating nuclei up to 
the limit set by the centrifugal force at which the 
nucleus breaks apart. 
The first indications that the properties of nuclei  
changed when they rotated were observed in 1972  
by Hans Ryde’s group at the Manne Siegbahn 
Institute in Stockholm. 
Sven Gösta now devoted himself and his group 
to collaboration with Aage Bohr and Ben Mot-
telson in Copenhagen. The phenomena discov-
ered in rapidly rotating nuclei could be predicted 
and explained with the Nilsson model. 

Energies of γ-rays emitted when excited rapidly rotating nuclei 
decay, with illustrations showing how the angular momentum 
is developed in different phases.

A schematic illustration show-
ing how protons and neutrons 
can be aligned in a plane in a 
rapidly rotating nucleus.
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Nilsson’s research group

Sven Gösta built up an enthusiastic research 
group, and Lund became an important centre 
for theoretical nuclear structure research.  
He created a familiar and creative atmosphere, 
and showed great interest not only in his PhD 
students, but also their families. 
Nuclear physicists from around the world  
were anxious to discuss research with him.  
Lund continued to be an internationally  
leading centre for research into theoretical  
nuclear models after his untimely death  
in 1972. 

Sven Gösta Nilsson together with members of his research group at the 
beginning of the 1970s.
Standing from the left:  
Gunnar Ohlén, Christer Gustafsson, Ingemar Ragnarsson, Stig Erik Larsson, 
Reginald Boleu, Johan Claesson, and Petr Janeček.
Sitting: 
Sven Bertil Nilsson, Peter Möller, Zdzisław Szymánski, Sven Gösta Nilsson, 
and Thomas Johansson.
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Sven Gösta was also very interested in philoso-
phy, literature and religion, and he took part 
in many public debates, not least through the 
Swedish press. His articles in a number of  
Swedish daily newspapers covered a broad  
range of topics. 
He was deeply concerned about the limited  
resources on Earth, the environment and en- 
ergy, and he exemplified the interaction be-
tween various factors by designing a board 
game about energy together with his son Bengt. 
The game was produced by Alga, and was com-
mercially available for a number of years.

During the 1960s and 1970s 
Sven Gösta Nilsson wrote a 
large number of articles on a 
wide range of subjects, which 
were published in Swedish 
newspapers.

A social conscience
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Symmetry  
in the world of  
atomic nuclei
The properties of atomic nuclei  
and the existence of  
superheavy nuclei. 



 
 

215Atomic nuclei shake, rattle and roll!

By the time of his death in 1979, Sven Gösta 
Nilsson had established an active research  
group working on rapidly rotating nuclei.  
The spirit within the group is illustrated by  
the words of Sven Åberg.

Every Friday morning during the autumn 
of 1974, the mathematical physics group took 
the ferry from Malmö to Copenhagen to take 
part in Ben Mottelson’s weekly course on the 
latest findings in high-spin nuclei. This was 
always followed by extensive discussions, 
including Aage Bohr, Ikuko Hamamoto  
and Ben himself. We prepared ourselves for 
these discussions on the way over on the ferry, 
and our table was always covered with sheets 
of paper with long calculations. Mottelson’s 
lectures seemed easy to understand until we 
took the ferry back to Malmö and tried to 
analyse what he had actually said in detail. 
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The lady from Japan

Ikuko Hamamoto came to the Niels Bohr Institutet 
in Copenhagen in the 1960s thanks to a stipend from 
Japan. When the Professorship in Mathematical 
Physics in Lund became vacant in 1979, due to  
the death of Sven Gösta Nilsson, Hamamoto was 
appointed to the position in the face of fierce inter-
national competition. 
Hamamoto was to spend over 40 years working in 
Copenhagen and Lund. A few years after retiring, 
she returned to Tokyo, where she is still very active  
in theoretical nuclear research.

Ikuko Hamamoto, Professor in  
Mathematical Physics at Lund  
University between 1982 and 2001.



 
 

217Wobbling modes

Ikuko Hamamoto has been interested in under-
standing and interpreting nuclear physical phenom-
ena with a focus on particle-vibrational coupling in 
nuclei in order to obtain knowledge on the collective 
and single-particle motion in the nucleus. 
In the search for triaxial nuclear shape she made ba-
sic predictions as to the features of electromagnetic 
transitions characterizing triaxial shape and suggest-
ed and pinned down that the experimental finding 
by G B Hagemann et al. in 2001 is the discovery of 
wobbling mode. 
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An expert in the calculation of nuclear masses 

Peter Möller continued Sven Gösta Nilsson’s cal-
culations on fission, and is today a leading expert  
in the field. Through meticulous research he has 
developed a detailed model for the calculation of 
nuclear masses. 
It is of great importance to be able to predict nu-
clear masses, for example, in order to understand 
astrophysical processes, and to be able to make  
predictions of the limit on the size of nuclei. 
Möller’s mass equation has long been the most reli-
able in the study of so-called superheavy elements. 
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Elements heavier than uranium do not exist naturally 
on Earth in measurable quantities as they are unsta-
ble, and decay radioactively to lighter elements. How-
ever, it is possible using modern mass equations to 
predict so-called islands of stable superheavy nuclei. 
Some superheavy elements can be created by the col-
lision and fusion of other lighter elements in accelera-
tors, and in recent years about 20 new elements have 
been added to the periodic table.

A map showing the shape of the uranium nucleus  
changes as it passes over the energy landscape  
consisting of peaks and valleys.
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Captured by rotating nuclei

What happens to a nucleus when it rotates very rap-
idly? How do the protons and neutrons in the nucleus 
behave? How fast can it rotate before it breaks up? 
Ingemar Ragnarsson is studying how the interior  
of the nucleus behaves and, through his research,  
has increased our understanding of how various  
quantum mechanical effects give rise to different 
nuclear shapes. 
As the frequency of rotation increases, the rotation 
of the nucleus can suddenly cease, and the rotational 
motion is restricted to a relatively small number of 
nucleons. This is called band termination. Ragnarsson 
has developed a formalism that makes it possible to 
understand and predict this phenomenon. 



 
 

221Band termination

Ingemar Ragnarsson collaborates with experimen-
tal nuclear physicists, as this allows him to test his 
theoretical calculations of the detailed behaviour of 
nuclei, and to develop new models that can subse-
quently be used in his colleagues’ experiments. 
Apart from descriptions of band termination,  
Ingemar has also studied the structure of strongly 
deformed nuclei, so-called super-deformed nuclei. 
Together with Sven Gösta Nilsson he has written  
an important book on nuclear structure physics,  
called Shapes and Shells in Nuclear Structure.

The nucleus of 158Er exhibits different shapes 
as the frequency of rotation (spin) encreases

(x-axis) with increasing spin, the shape changes from 
prolate (like a cigar) to oblate (like a pancake), and finally 
becomes triaxial (the three axes are different). When the 
shape of the nucleus is oblate, terminated band beha-
viour is seen, where the energy of the system (y-axis) 
varies irregularly.
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Close encounters of the experimental kind!

Ragnar Bengtsson has devoted most of his research 
to the description of rotating nuclei. His most famous 
contribution to the field is the Bengtsson-Frauendorf 
formalism, which was developed at the end of the 
1970s. Transforming the observed energy spectra  
into the rotating system allows a simple, general  
comparison with theoretical energy levels. 
Bengtsson has long been involved in collaboration 
with international experimental groups in the quest 
to understand and describe experimentally observed 
energy spectra. These studies have led to an improv-
ed understanding of co-existing nuclear shapes and 
triaxial nuclei. 

Energy levels in nuclei as a function of the rotational  
frequency of the nucleons, according to the Bengtsson-
Frauendorf-formalismen. At the two frequencies indicated  
on the x-axis, the energy levels interact, giving rise to  
so-called backbending.



 
 

223Researcher and organizer

First as a PhD student in the 1970s, and later as a 
researcher in the 1980s, Sven Åberg devoted much 
of his time to rapidly rotating nuclei, and contribu-
ted to our understanding of how rotation can cause 
superdeformation. The results were important for the  
experimental discovery of superdeformation in 1986. 
Åberg also studied how exotic nuclei can be de- 
excited by emitting alpha particles or protons;  
a field that is currently of great interest. 
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Initiator

Sven Åberg has also contributed to our understan-
ding of central problems in nuclear structure physics, 
such as when nuclei become chaotic and the conse-
quences of such phenomena. 
He has introduced a condition for how quantum 
chaos enters a general many-particle system, some-
times referred to as the Åberg condition.
Other areas where he has made important contri-
butions is pairing, level density, giant resonances  
and ultra-cold atomic quantum gases. 

Sven has also taken the ini- 
tiative for several summer 
schools for nuclear physics 
(together with Ben Mottelson) 
and has organized several 
international conferences on 
nuclear- and chaos physics. 
He has founded and run the 
Gemstone project at LTH, and 
NORDITA’s Master Class in 
Physics. Projects aimed at 
talented High School Students 
in Sweden and PhD Students 
in the Nordic countries.

Chaos-assisted tunneling from  
a super-deformed state to a 
normal deformed. The picture  
shows how the probability of  
tunneling (vertical axis) increa-
ses very dramatically if account 
is taken of the chaotic proper-
ties of the nucleus (horizontal 
axis). The mechanism involves 
that a superdeformed state can 
decay rapidly in accordance 
with experimental results.



 
 

225Theoreticians in a spin!

Stig Erik Larsson took part in the development of the 
formalism and wrote a considerable part of the compu-
ter program used to describe triaxial rotating nuclei. 
Georg Leander made crucial contributions in the field 
of pear-shaped nuclei and their rotation. Despite his 
youth, he had a leading role as a theoretician at Oak 
Ridge National Laboratory in the USA, before his 
untimely death as a result of cancer in 1989.
Tord Bengtsson, who started his PhD studies in 1979, 
soon revealed a talent for developing formalisms and 
writing computer programs. His program for des-
cribing energy levels and rotational bands in rapidly 
rotating nuclei is still used around the world today. 
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Success with open quantum systems

Tore Berggren obtained his PhD in Lund in 1966 for 
his work on the interpretation of the results of (p,2p)-
experiments performed at the Gustav Werner Institute 
in Uppsala. His interpretation supported the shell 
model for nuclei. 
In the 1960s he developed theories on resonant states 
in open quantum systems, where the particles were 
almost unbound and could leave the system. 
In an important publication in 1967 he showed how 
such unbound states could be treated mathematically. 
Tore Berggren was a reader in mathematical physics 
at LTH 1966 -1996.



 
 

227A Sleeping beauty

Many scientific papers include Tore Berggren’s 
name in their title. 
In 2007, a conference was held in Trento in 
northern Italy, to celebrate the 40th anniversary 
of Tore Berggren’s important findings: 40 years 
of the Berggren representation. 
His findings have recently also proved useful 
in calculations on the nanoscale in experiments 
on quantum dots.
Tore suffered from a rheumatic disease, and 
died in 1996, only 64 years old. Unfortunately, 
he did not live to see the important interna-
tional breakthrough of his theoretical work.

Tore Berggren’s ground-breaking work from 1967.  
It was found much later that his theories from the 1960s could  
be used to describe the structure of unstable nuclei by combining 
them with the shell model. His work paved the way for the for-
mulation of an extensive many-particle theory for open quantum 
systems.
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Alpha-particle-like states in the nucleus

Gillis Carlsson obtained his PhD in 2007 for his 
theoretical work on rotating atomic nuclei, with 
Ingemar Ragnarsson as supervisor. 
His greatest interest lay in understanding the prop-
erties of nuclei based on the forces acting between 
nucleons. This is very difficult, and an important part 
of his work was thus devoted to finding approxima-
tions for the description of the motion of the nucle-
ons in the nucleus. 
In order to describe alfa-decay, he consideres how 
two protons and two neutrons close to the surface of 
the nucleus bind to form an α-particle that then has 
a small probability of tunnelling its way out of the 
nucleus.



 
 

229An acclaimed speaker

Cecilia Jarlskog obtained her PhD in theoretical 
physics Lund in 1970, and was the first woman 
to obtain a doctoral degree in this subject at 
Lund University. In 1994 she returned from 
CERN to Lund as Professor of Theoretical  
Particle Physics at the Lund Institute of Tech-
nology (LTH).
Below an extract from the speech by J V Luce in 
July 2005 when Cecilia was awarded an honorary 
doctorate at Trinity College in Dublin in 2005.

She has skilfully and mathematically 
investigated the principles on which the 
sub-atomic and electronic constituents  
of matter cohere, or lose their symmetry. 
As a result of long-continued and  
penetrating research in this field she  
is in a position to discourse authorita-
tively on the formation and emergence  
of the physical world, and on the ra-
tionale of the observed properties of  
its smallest constituents. 

Cecilia Jarlskog is also an accomplished 
and much sought-after speaker.
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The Jarlskog invariant

Cecilia Jarlskog has mainly devoted her time to 
research on the theory of the weak nuclear force,  
and she is most well known for having developed 
the Jarlskog invariant. This is an invariant quantity  
in particle physics associated with CP violation,  
it is the part of the interaction that differs between  
particles and antiparticles. She showed that this  
quantity is independent of the arbitrary phases  
required by quantum mechanics in the wavefunc-
tions of quarks.
Jarlskog has also been involved in communicating 
the results of research to society as a whole and, 
amongst other positions, she has served as advisor  
to the Director General of CERN.
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Physics in Lund  
gets a boost, or two!
How a Vice-chancellor charms 
Malmö politicians and secures an 
institute of technology in Lund,  
and how a new type of spectroscopy 
is introduced.
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Sweden needs more engineers!

Around the middle of the 1950s, both politicians 
and industrialists realised that Sweden required more 
engineers to ensure industrial expansion in the coming 
decades. Thanks to the baby boom of the 1940s, many 
teenagers were heading towards higher education. 
A working party at the Ministry of Education and Sci-
ence proposed that the number of students at the Royal 
Institute of Technology (KTH) in Stockholm and 
Chalmers Institute of Technology (CTH) in Gothen-
burg be considerably increased. 
But what about Scania?



 
 

233Not in Stockholm or in Gothenburg ...

The Scanian Engineers’ Club, SIK, were quick off the 
mark. They had observed that students from Scania 
(Skåne, the southernmost province of Sweden) who 
had studied at KTH or CTH often returned home 
to look for employment. Also, relatively few students 
from Scania studied engineering – clearly because 
there were no such programmes available in Scania. 
A small but active group, including representatives 
from SIK, Lund University and the borough of  
Malmö, lobbied for the establishment of higher  
education in engineering in Scania. 

Important industries in Scania 
The Scanian Cement Works, 
later to become Skanska.
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 ... and not in Malmö either! 

Until 1958, the plan was to locate the new Scanian 
institute of technology in Malmö, but attention  
was turned towards Lund, in large thanks to the 
arguments presented by Professor Philip Sandblom, 
then the Vice-chancellor of Lund University. He 
pointed out that, as well as the teaching staff, Lund 
University had a strong tradition in subjects that 
would be of importance for a new institute of tech-
nology, such as physics, mathematics, and chemistry.

Vice-chancellor of  
Lund University 1957-1968.



 
 

235A succinct but significant study  

The report submitted was only 23 pages long, but despite 
its brevity it presented the advantages of establishing higher 
education in engineering in Lund, for example, the lower cost 
of living for students!

A small committee, including Professor Sandblom,  
the physicists Sten von Friesen and Krister Kris-
tiansson, the mathematician Åke Pleijel, and the 
two chemists Erik Larsson and Gösta Ehrenswärd, 
wasted no time in completing their study to assess 
the possibility of teaching engineering subjects in 
Lund. The report from their study was completed  
in April 1959, and courses in engineering physics  
were started in Lund just two years later, in 1961.

An Institute of Technology in Southern Sweden 
– A Study Under the Direction of Lund Uni-
versity and The Scania Chamber of Commerce 
in Collaboration with The Scanian Engineers’ 
Club and the Lund University Students’ Union.
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The Lund Institute of Technology is born 

Initially, the Lund Institute of Technology (LTH) 
was an independent establishment for higher 
education, like its counterparts in Stockholm and 
Gothenburg. It was run by an organising commit-
tee under the auspices of the Ministry of Industry. 
However, its status was far from clear, and lively 
discussions developed towards the end of the 
1960s. 
Most of the engineers wanted its independent 
status to continue, while representatives of the 
University argued that the symbiosis between  
the two establishments would be beneficial to all. 
The organising committee was divided. 



 
 

237A compromise

It was not until a group of experts was  
appointed with representatives outside  
the University that a unanimous proposal 
was put forward. In 1968, the Swedish 
Parliament decided that LTH should be  
an institute of technology, constituting the 
Engineering Faculty of Lund University. 
Most of LTH’s lecturers and students did 
not welcome this decision. Many remembe- 
red the early days, when decisions could be 
made easily and quickly, and job satisfac-
tion combined with a pioneering spirit led 
to continuous development and expansion.

The first engineers graduated in Lund in 1965; here seen showing off their graduation 
rings. Inger-Lena Lamm, in the centre of the photograph, went on to obtain a PhD in 
the field of deformed atomic nuclei under Professor Sven Gösta Nilsson, and later 
worked as a medical physicist at Lund University.



 

 Physics in Lund gets a boost, or two! 238

A boost for physics in Lund

Apart from the new students, the establishment of 
LTH meant that the number of lecturers and research-
ers in physics grew considerably. Many talented physi-
cists were able to remain in Lund, while others were 
recruited from other seats of learning. 
Prior to 1961, the subject of physics  
had four professors and two assistant  
professors. In 1969, six new professors  
were appointed, together with a number  
of lecturers, bringing the total number  
of academic staff in physics to twenty,  
more than tripling the original number.

The expansion of the Department of Physics  
(in red) following the establishment of LTH.
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Three of the new professors at LTH, Lennart Minn-
hagen, Sven Johansson and Sven Gösta Nilsson,  
had previously worked at the Department of Phys-
ics. Two other physicists from Lund, Hellmuth 
Hertz and Lennart Stigmark, became professors  
in Electrical Engineering at LTH. The number of 
other staff increased, as did funding and the size  
of the actual department, in an unparalleled expan-
sion of intellectual and material resources.
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LUSY is dead – long live MAX!

Research in the field of subatomic physics  
suffered a considerable setback in 1972 
when the Nuclear Research Council anno-
unced drastic cutbacks in their financing of 
LUSY, the Lund University Synchrotron.  
Funding was reduced from 3.4 to 1.2 
million SEK per year, and the number of 
positions from 30 to 9. 
The Faculty of Science at Lund University 
was unable to compensate for this reduc-
tion and, somewhat surprisingly, help came 
from LTH. 
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LTH took over responsibility for two important po-
sitions and, by coincidence, was also able to provide 
room for a new facility: MAX-lab. 
The idea of creating a source of high-energy electrons 
arose from discussions between physicists in Lund, at 
first hand Bengt Forkman, and the Swedish scientific 
research councils. 
The concept was later extended to include synchrotron 
radiation; an extremely powerful and well-defined  
light source. One could almost say that MAX rose,  
like a phoenix, out of the ashes of LUSY.

During the development of the project, the skilled workshop staff 
at the Department of Physics proved to be an invaluable asset, 
allowing considerable savings to be made in the design and con-
struction of much of the equipment.
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One machine hall too many

Where to house the new facility? 
The buildings used to house the various departments 
of LTH were constructed according to the standards 
and requirements of the 1950s. Large-scale experi-
mental work was to be carried out in two machine 
halls, each 1600 m2. The equipment in the northern 
machine hall was considered to be outdated, and the 
University Board decided this would provide a suit-
able location for the MAX project. 

From the left:  
Bengt Forkman (Director of MAX-lab), Lillemor Persson Ekstedt, 
Mikael Eriksson (chief designer and head of experimental activities),  
Leif Thånell, Lars Johan Lindgren, Lars Gösta Johansson,  
Lennart Lundin, Nils-Erik Persson, Wilhelm Key, Olle Cederholm, 
Lars Hansson, Bo Persson, Mats Nilsson, Werner Stiefler,  
Bengt-Erik Wingren, Kurt Hansen, and Johnny Roslund. 
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The decision to locate MAX-lab at LTH was very 
controversial. It meant a drain on the resources of 
the Faculty of Engineering, at a time when transfers 
between different faculties were not normally part  
of University policy. 
However, the decision afforded MAX legitimacy 
with central authorities; no one could doubt the 
commitment of Lund University to the project.  
Interest in the MAX project at the Department  
of Physics was mixed, which had the effect of  
creating greater scope for national responsibility. 

MAX-lab was formally opened in January 1987.
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A national facility

The radiation provided  
by MAX-lab has higher brilliance than the sun.



 
 

245The MAX IV Project 
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Lars Hedin and  
the theory of  
solid state physics
How Lars Hedin’s own work and 
the theoretical research in solid 
state physics began and developed  
in Lund under his leadership.



 
 

247The beginning – a student in engineering physics

Lars Hedin was born in Örebro on 6th February 1930. 
Both his father and grandfather were electrical engi-
neers, but Lars decided to study Engineering Physics 
at the Royal Institute of Technology (KTH) in Stock-
holm. This programme had an especially high status, 
and was considered to prepare students for a career  
in research.
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The many-body problem

After obtaining his Master’s Degree in 1955, Hedin 
continued to study under Professor Lamek Hultén, 
resulting in a Licentiate Dissertation on the elastic 
properties of crystals in 1960. 
His next place of study was Uppsala University, in the 
recently started research group in quantum chemistry, 
where he met the passionate scientist Stig Lundqvist, 
a leading figure in international physics research dur-
ing the 1970s and 80s. 
Together, Hedin and Lundqvist set about the applica-
tion of quantum field theory and Feynman diagrams, 
which had been so successful in nuclear and particle 
physics, to the many-body problem, which is of con-
siderable importance for our understanding of solid 
bodies.
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As a result of their research at Uppsala, Hedin and 
Lundqvist became Swedish pioneers in this new excit-
ing field of theoretical physics. Thanks to this success, 
Hedin was given a grant to work at Argonne National 
Laboratory in the USA, between 1962 and 64. 
His research there was very successful, and resulted in a 
well-known article in the renowned journal Physical Re-
view, which laid the ground for the famous GW approx-
imation. To date, this article has over 2000 citations.

Diagrams representing the expansion of M(1,2). The one-particle 
Green’s function G(1,2) is represented by an arrow from 2 to 1, and 
the screened potential W(1,2) by a wiggly line between 1 and 2.
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The GW approximation

Lars Hedin’s GW approximation is still the standard 
method used to calculate the band gap in semiconduc-
tor materials. This is important in the search for new 
semiconductors that can result in better light sources 
and even faster electronic components. 
With this theory it became possible, for the first time 
in the 1980s, to calculate band gaps using only natural 
constants such as the elementary charge and Planck’s 
constant.

In 2005, hundreds of researchers from all over the 
world met at Bad-Honnef in Germany for a conference 
entitled 40 Years of GW, in recognition of Lars Hedin 
and his important contributions to the field.
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After his time at Argonne National Laboratory, Hedin 
and his family moved to Gothenburg. Hedin took up 
a lectureship at Chalmers University of Technology 
(CTH), where his colleague, Stig Lundqvist, had been 
awarded a professorship in the previous year, in 1963. 
Based on the work he had performed at Argonne,  
Hedin presented his doctoral thesis entitled, Applica-
tion of Many-Body Theory to the One-Electron Problem  
of Atoms, Molecules and Solids on 30th October 1965.

Lars Hedin defending his doctoral thesis in 1965. His exami-
ner (left) was Alf Sjölander, only three years Hedin’s senior, 
and one of Sweden’s most talented theoretical physicists of 
all time.
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Research at Chalmers University of Technology

Hedin’s time at CTH was extremely productive, and 
new ideas came one after the other. Many of Hedin’s 
findings and ideas have been collected in a review 
article, written by him together with Lundqvist, and 
published in 1969 in the journal Solid State Physics 
(Vol. 23). This publication is often cited, and is still  
a source of inspiration to many researchers.

Hedin explaining his version of the many-body theory to colleagues  
at CTH.
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Following his lectureship at CTH, Hedin became 
Professor of Theoretical Physics at the new institute 
of technology in Linköping. However, less than a 
year later, he was offered a professorship in theoreti-
cal physics at Lund University, and moved to Lund, 
together with his family, in 1971. At that time, the 
newly established and rapidly expanding field of 
solid state physics in Lund was well-represented 
experimentally, but there was only one lecturer en-
gaged in the theoretical side of the subject.

The Theoretical Physics Group in 1971. Back row:  
Lars Hedin, Lars Silverberg, Rolf Riklund, Petter Minnhagen, 
Lars Gislén, Stellan Löfdahl, Bengt Kjöllerström. 
Front row: Bengt Månsson, Günter Grossmann, unknown,  
Ulf von Barth, Ingrid Hjelt, Inga Belin, Margareta Bergsten, 
Bengt EY Svensson, Carl-Olof Almbladh.
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Enthusiastic PhD students

When Hedin arrived in Lund, Bengt Kjöller-
ström had collected a group of enthusiastic 
PhD students who were eager to study the  
new subject of theoretical solid state physics  
with Professor Hedin. Hedin’s first PhD stu-
dents from CTH, Ulf von Barth, Carl-Olof 
Almbladh and Ingvar Hulthén, had followed 
him to Lund, and together with new PhD  
students, they formed a large research group. 
Hedin was an enthusiastic, easy-going super- 
visor, allowing students to take their own ini-
tiative.

Ulf von Barth Carl-Olof Almbladh
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A very successful period in Lund followed. Hedin’s 
research group consisted of five or six researchers and 
a considerable number of PhD students. The group 
was rated among the best in the world during this 
period by various research councils. 
Two of Hedin’s most important, and today most 
frequently cited, publications from the beginning of 
the 1970s are on density functional theory; the first 
written by Hedin and Bengt Lundqvist at CTH, 
with about 3000 citations, and the second written 
by Hedin and his first student, Ulf von Barth, with 
about 5000 citations.

Aspenäsgården 1976.
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An inspiring environment

Thanks to Hedin’s many international contacts, his 
students came into contact with a steady stream of 
renowned researchers in the field, including Bob 
Schrieffer, John Bardeen, Sir Nevill Mott, Walter 
Kohn, Ivar Giaever, Leo Esaki, Gordon Baym,  
Niel Ashcroft and Ole-Krogh Andersen. 
Hedin and his wife Hillevi regularly invited both 
students and researchers into their home, creating  
a warm and inspiring environment.



 
 

257Hedin’s research group

At the time this photograph was taken, Carl-Olof 
Almbladh and Lars Hedin had just published their 
review article on theoretical spectroscopy in the 
Handbook on Synchrotron Radiation. This has become 
a standard text in the field, and is still often cited 
with reverence by today’s researchers. Ulf von Barth 
was, at that time, one of the most well-known re-
searchers in density functional theory. David Yevic 
and Witold Bardyszewski were visiting researchers in 
Hedin’s group. Carlos Pedrosa and Alvaro Morales 
were Almbladh’s PhD students, and Ulf Lindefelt 
was the group’s solid state theoretician.

The Theoretical Solid State Research Group in 1984. From the left: 
Alvaro Morales, Witold Bardyszewski, David Yevic, Carlos Pedrosa, 
Ulf Lindefelt, Lars Hedin, Ulf von Barth, Carl-Olof Almbladh.
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Max Planck Institute in Stuttgart

As Hedin’s theories became increasingly used in 
prac-tical applications, his reputation spread through-
out the world. Despite this, his research group was 
reduced to about half its original size by the begin-
ning of the 1990s. 
It was therefore no surprise that he accepted a four-
year position as Director of Research at the Max 
Planck Institute in Stuttgart in 1994. This marked 
the beginning of a new fruitful period with many 
publications. Among other projects, Hedin continued 
work on his theory of what he called the blue electron.

A Lego-building competition between research groups at the 
Max Planck Institute in Stuttgart. Lars Hedin’s group won the 
cup from Ole Krough Andersen’s group. The theme for the com-
petition, Upside Down, was thought up by Laura Gunnarsson, 
and Ove Jepsen secured a donation of Lego from the manufac-
turer in Denmark.
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Hedin’s research also forms the basis for a Euro-
pean network, The European Theoretical Spec-
troscopy Facility (ETSF), which brings together 
experience and know-how to facilitate collabora-
tion and the rapid transfer of knowledge between 
over 200 researchers from 68 research groups in 
Europe and the USA. 
The network functions as a knowledge centre in 
the field of theoretical spectroscopy for research 
on theoretical and computational methods that 
make it possible to study the electronic and opti-
cal properties of materials.

Arno Schindlmayr presenting his latest results on the dynamic 
spin susceptibility, based on Hedin’s GW approximation, at the 
2008 ETSF conference in Pugnochiuso, Italy.
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Useful theories

Hedin’s attitude regarding his research, was that his 
theoretical work should lead to computational methods 
that provide practically useful results. Mathematics and 
complicated equations were not ends in themselves, as 
far as he was concerned. Hedin often demonstrated his 
theoretical results by applying them to less complicated 
model systems.

Hedin’s easily recognisable writing in the many-body equations on 
the whiteboard in his office at the Max Planck Institute in Stuttgart.



 
 

261Lars Hedin’s legacy

Lars Hedin’s last great success came posthumously  
in 2008, when an international committee of experts  
assessed a number of research groups from all the  
faculties at Lund University (RQ08). 
Hedin’s pupils, Ulf von Barth och Carl-Olof Almbladh 
and their research group, were identified as one of the 
twenty best groups at Lund University. Other research 
groups in physics received good reviews, and the disci-
pline of Physics was thus identified as one of the jewels  
in the crown of Lund University.
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Theoretical condensed  
matter physics
Theoreticians at the Division of 
Mathematical Physics are working  
to understand and predict  
the quantum mechanical properties  
of matter on the subatomic, atomic,  
and nanometre scales.



 
 

263Our knowledge of materials

One of the great challenges in physics is to under-
stand, control, and exploit the properties of materials 
in novel ways. This requires an accurate, and preferably 
predictive, theoretical description of materials.
This is not easy for several reasons, e.g. some materials 
have a highly complex structure, or it may be necessary 
to consider several length- and time-scales simultane-
ously to predict the functional properties of interest. 
Furthermore, novel properties often emerge when the 
interactions among electrons and between electrons 
and lattice vibrations play an important role.
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Time-dependent fields

Carl-Olof Almbladh has worked on com-
bining advanced theories related to relevant 
experiments. His main areas of interest in-
clude self-energies and excitation energies, 
density functional theory and various forms of 
spectroscopy and, more recently, systems with 
strong correlations, nanoscale systems and 
systems in external time-dependent fields.

The Research Group in 2011. 
From the left: Marc Puig von Friesen, Ulf von Barth, 
Carl-Olof Almbladh, and Claudio Verdozzi.
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A key experiment in nanophysics is quantum 
transport, where current flows through a nano-
scopic system (e.g. a molecule) connected to 
external electrodes.
Stefanucci and Almbladh have developed a 
theory in which the system is studied when it 
is disturbed from its equilibrium state by exter-
nally applied, possibly time-dependent, fields 
and voltages at the electrodes. Work on this 
has been continued by Almbladh and Verdozzi 
and their students through the development of 
theories and detailed calculations of strongly 
correlated nanosystems.

Double occupation in a nanoscopic scale conductor, according to the 
work of Puig von Friesen, Verdozzi, and Almbladh in 2011.
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The final-state rule

Ulf von Barth’s first PhD student, Günter Grossmann, 
obtained his PhD in 1981. His work included the nu-
merical evaluation of a model describing X-ray and 
Auger electron spectra. The model reproduced the shape 
of the X-ray edges well. Most importantly, the model 
provided theoretical support for The Final-State Rule. 
This rule explains, for example, why we see no effects of 
the inner-shell tail in X-ray emission, while it is seen in 
the corresponding satellite spectrum or why KLV Auger 
spectra are strongly affected by the vacancy, while KVV 
spectra are not.

Ulf von Barth in conversation with Günter Grossmann’s 
examiner, Professor David C Langreth. 



 
 

267Time-dependent density functional theory

Density functional theory (DFT) provides a way of sim-
plifying the complicated many-body problem to a single-
body problem. Ulf von Barth has devoted a great deal of 
his research to the DFT, and was one of the world’s lead-
ing experts in the field. Amongst other things, von Barth 
showed that the eigenvalues predicted by the theory do not 
describe the band gaps in semiconductors. An early paper 
by von Barth and Lars Hedin, generalizing the theory to 
magnetic material, has about 5000 citations.

Top left: Photoionization cross section for Be after the first 
ionization threshold. 
Top right: First two Fano resonances resulting from the  
1s  2p and 1s  3p transitions. 

In more recent years, von Barth has been working on a 
time-dependent variant of DFT (TDDFT), which allows 
calculations of excitations. One of von Barth’s PhD stu-
dents, Maria Hellgren, showed that a certain approxima-
tion worked well for low-energy spectra.
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The electronic structure of strongly correlated compounds

Approximate practical methods of applying quan-
tum mechanics should be developed which can lead 
to an explanation of the main features of complex 
atomic systems without too much computation.

Paul Dirac

 

In the last few decades many new compounds with 
intriguing properties have been synthesized and 
discovered. They are expected to form the foundation 
of future electronics. A famous example is the uncon-
ventional high-temperature superconductors.

Ferdi Aryasetiawan



 
 

269Future electronics

The mission of Aryasetiawan group is to develop 
quantum mechanical methods to study the electronic 
structure of these complex compounds. In the spirit of 
Dirac, a strict criterion to be fulfilled is that the meth-
od must be theoretically rigorous and at the same time 
applicable to real materials.

The electronic structure of an iron-based 
superconductor.
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Non-equilibrium phenomena

Many future cutting-edge technologies will likely rely 
on small ultrafast devices, operating in rapidly changing 
environments. Furthermore, there is broad consensus 
among physicists that ground-breaking technological 
innovations are likely to be based on systems whose 
properties cannot be described within an independent-
particle picture. This is why considerable research effort 
is currently being devoted in the condensed matter 
community to the development of theories for systems 
with strong inter-particle correlations, in- and out-of-
equilibrium.



 
 

271Time-resolved dynamics of non-equilibrium systems

Since his arrival in Lund, in 2004, Claudio Verdozzi’s 
research has been devoted to developing and applying 
theoretical and numerical methods to systems with 
correlations among particles in- and out-of-equilib-
rium, such as Green’s function methods, density func-
tional theory and, for finite systems, exact numerical 
schemes. 
The goal is to address open conceptual issues inherent 
in these approaches and describe situations as diverse 
as electron transport in nanodevices (together with 
Carl-Olof Almbladh), ultracold atoms in optical lat-
tices, magnetic clusters, disordered systems and ultra-
fast spectroscopy.

Melting of the Mott insulator phase in a  
confined fermionic gas according to time- 
dependent density functional theory.

The exchange-correlation potential of DFT in the 3D Hubbard 
model (left) vs. the metal-insulator transition (right), as a function 
of electron-electron interactions.
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The beginning of nanoscience

In a prescient lecture at Caltech in 1959, the famous 
American physicist Richard Feynman predicted a 
new era in materials science where, instead of exploit-
ing materials found in nature, novel artificial systems 
are created with properties tailored towards targeted 
applications.
This would be done by manipulating individual atoms 
on the scale of nanometres, where quantum mechani-
cal effects dominate.
Since then, this vision has spurred vast theoretical and 
experimental activity, to conceive and realize novel 
nanomaterials and the theoretical models required to 
predict and explain their behaviour.



 
 

273Particle ensembles

Stephanie Reimann and her research group are work-
ing on theoretical calculations on how small systems, 
on the nanometre scale, consisting of several interact-
ing particles behave.
One example is small semiconductor systems, e.g. 
quantum dots and quantum wires, where quantum 
mechanics determine the laws of physics. Here, the 
interplay and interactions between the particles are 
decisive for the physical phenomena being investi-
gated, such as correlations in time and space, vortex 
formations and the shell structure of the energies of  
the different particles.
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Smart approximations

All the particles in the universe can be divided into two 
types, bosons and fermions. When bosons, such as e.g. 
different types of atoms, are trapped in small systems, and 
cooled down to temperatures approaching absolute zero, 
they can form a Bose–Einstein condensate. This very spe-
cial state can only be explained by quantum mechanics. 
Stephanie Reimann and her group have investigated the 
fundamental properties of Bose-Einstein condensates as 
well as fermions cooled to very low temperatures. A very 
interesting example is particles with dipolar properties.
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Peter Samuelsson and his research group are work-
ing on theories for nanoscale systems, especially the 
transport of electrons through the system. This may 
lead to better and faster electronic circuits. Quantum 
mechanical effects that can lead to more reliable 
transfer of information than is possible today are  
of special interest. 
Research carried out by the group has revealed unex-
pected relations between, on the one hand, quantum 
information and electrons, and on the other, between 
light from stars at different distances from the earth 
that reaches the earth simultaneously.

Peter Samuelsson
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Useful noise

Another area of research is concerned with noise and 
the fluctuations in the electric current of nanosystems.  
Noise is usually regarded as a disturbance to be removed, 
but the noise itself can contain a lot of information in 
itself, or, to use the scientist Rolf Landauer’s words,  
the noise is the signal. Peter and his group have examined 
several different aspects of noise in nanoscale systems.
Peter Samuelsson and his group have also investigated 
the effects on temperature and heat generated in na-
nostructures when quantum mechanics determine the 
physical properties of the material. It is hoped that 
it will be possible to find new, more efficient ways of 
converting heat into electric energy, by using the unique 
properties of nanosystems.



 
 

277Electrons in confined spaces

Andreas Wacker and his research group are working 
on theories of how electric current, heat and atomic 
vibrations, is transported through nanoscale systems 
made of semiconductor materials. Specifically trans-
portation when the nanosystem is not in equilibrium, 
leading to interesting physical effects.
Another important area of interest is how to make 
better lasers in systems built by different, alternating, 
semiconductor materials. These so-called quantum 
cascade lasers have numerous exciting applications in 
everyday life. Andreas and his group studied the basic 
quantum mechanical phenomena in these alternating 
layers of semiconductor systems and how these phe-
nomena can be controlled to increase the performance 
of the lasers.
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The quantum cascade laser

Another area involves transportation through so-called 
quantum dots, nanoscale specks of semiconductor mate-
rial. Electrons can jump in and out of the quantum dots 
and thereby bring both electric charge and heat energy 
from one side of the dot to the other. 
Andreas Wacker has specifically investigated what hap-
pens when jumping electrons interact with each other 
and with the environment in the form of e.g. vibrations 
of the atoms in the material forming the quantum dot.
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Semiconductor  
physics
How solid state physics  
came to Lund.
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The transistor

Research into metals in the field of solid state  
physics was already being performed in the 1910s. 
Janne Rydberg’s PhD student, Gudmund Borelius,  
was a pioneer in the field in Sweden. However, 
in 1922 he left Lund to take up a Professorship 
in Physics at the Royal Institute of Technology 
(KTH) in Stockholm. 
What later came to be called the electronic revolution 
started with the realization of the transistor in 1947. 
A new era in semiconductor physics had arrived. 
However, there was still no organised research in 
semiconductor physics in Sweden at the beginning 
of the 1960s. 

The successor of the electronic valve, the transistor, was first 
successfully fabricated at Bell Laboratories in 1947 by William 
Shockley, John Bardeen, and Walter Brattain. Today, transistors 
are integrated into practically all modern electronics.



 
 

281A new professorship

Hellmuth Hertz realised the importance of semi-
conductors in the field of solid state physics and 
convinced the powers at LTH that a new profes-
sorship was required. 
Upon the recommendation of Hertz, a researcher 
at Philips in Aachen, with considerable experience 
in semiconductor physics, especially light-emitting 
diodes, applied for the position. In 1965 Hermann 
Grimmeiss was appointed Professor in Solid State 
Physics at LTH. 

Henry Joseph Round had already created the first light-emitting 
diode (LED) using silicon carbide in 1907, but it took another 50  
years for it to become of any practical use. The first LEDs based  
on gallium phosphide that found practical applications were re- 
ported by Grimmeiss in 1964.
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A new division

Hermann Grimmeiss arrived in Lund in 1966, and 
the new Division of Solid State Physics was located 
in Building A. 
Courses in solid state physics were developed, and 
the nuclear physicist Lars Ask was employed as the 
lecturer responsible for undergraduate teaching in 
the subject. 
Most of the literature in the subject was only avail-
able in German, so Lars set about translating it into 
Swedish. 
An instrument maker was employed and, with a 
budget of 280,000 SEK, the division’s first purchase 
was a spectrometer. 

Members of the Division of Solid State Physics in 1968.
From left to right: Lars Ask, Bo Monemar, Mats-Ola Ottosson,  
Hermann Grimmeis, Gunnar Björklund, Rune Olsson,  
Lars-Åke Larsson, Lars Andersson och Erland Ejder.
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Research at the new division grew rapidly, and was 
directed towards two main areas: Electric and pho-
toelectric studies of defects in semiconductors, led by 
Hermann Grimmeiss and Stellan Braun, and optical 
properties of semiconductors, led by Hermann’s first 
PhD student, Bo Monemar. 
In 1972, Bo recruited his first PhD student, Lars 
Samuelson, who joined the optics group.

In 1974, Bo Monemar published an articel on the band gap 
in gallium nitride. This is still one of the division’s most cited 
publications. 
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Deep levels

Band level structure of the optically active part of a LED: The p-n 
junction. In this case, there is a deep level at the energy level ET. 



 
 

285Politics and microelectronics

In the 1970s, Hermann realised that more effort 
should be devoted to microelectronics, as a result 
of the electronic revolution. 
New labs and resources were needed, and at the 
beginning of the 1980s, the Minister for Industry,  
Thage G Pettersson, agreed, and grants were 
awarded for the building of new facilities. 
The Swedish Government’s decision was probably 
helped along by the high level of unemployment 
in the building sector at that time. 

Politicians and researchers started to meet more often during the electronic 
revolution. 
In 1980, (from left to right) professors Karl Johan Åström and Hermann  
Grimmeiss, LTH, Swedish Prime Minister Tage Erlander and his wife,  
Aina Erlander, Minister for Education Carl Tham and Swedish physicist  
and professor in material science at Stanford Stig Hagström meet in  
Bommersvik for discussions.
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The division gets a new home

Work began on the new facility for solid state phys-
ics, The Berzelius Lab, named after Jöns Jakob 
Berzelius, the Swedish chemist who, in 1824, was 
the first to produce pure silicon. Apart from offices, 
the new wing of the Department of Physics was to 
include a modern research laboratory. 
The building was inaugurated on 24th May 1984,  
by the Minister for Industry, Thage G Petterson, 
with the aid of liquid nitrogen! 



 
 

287A new tool

At the beginning of the 1980s, Lars Samuelson 
started to produce new kinds of materials using an 
important new method called metal-organic vapour 
phase epitaxy (MOVPE). With this method, it is 
possible to tailor semiconductor materials to spe-
cific requirements. 
The name of the method, epitaxy, is derived from 
the Greek, epi meaning above, and taxis meaning 
in an ordered manner, and makes use of chemical 
reactions between gas phases. 

Illustration of the principle of MOVPE.
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MOVPE gives results

New fields of research were developed, including 
Fourier-transform infrared spectroscopy and mole-
cular spectroscopy in semiconductors. 
Researchers at the Division of Solid State Physics  
in Lund were the first in the world to carry out ex-
periments on deep levels with a resolution below 
1 meV, and to demonstrate and identify molecular 
defect configurations in semiconductors.



 
 

289International recognition

In 1986, Hermann Grimmeiss and his researchers 
arranged the renowned international semiconductor 
conference, ICPS, in Stockholm.
Among the 1100 participants were guests of honour 
such as Prince Bertil of Sweden and the Nobel Prize 
winners Kai Siegbahn and Klaus von Klitzing.
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Solid State Physics expands

In 1988, the division appointed its second professor, 
Lars Samuelson, in Semiconductor Electronics. 
Research at the division expanded in 1990 when Lars 
started the Nanometer Consortium, where activities  
are directed towards extremely small structures, of the 
order of nanometres, 10-9 meter. 
The division then consisted of about 40 employees.

Members of the division outside the Berzelius Lab in 1986.



 
 

291A change in leadership

After 30 years at the helm, Hermann Grimmeiss 
retired in 1996, and Pär Omling was appointed Pro-
fessor in Solid State Physics, and Head of Division. 
Five years later saw another change in leadership as 
Pär was appointed Director General of the Swedish 
Research Council, and Lars Samuelson took over. 
In 2010, Heiner Linke became Head of Division, 
and three years later he handed over responsibility 
for the division to Dan Hessman, and took over as  
coordinator of the Nanometer Consortium after Lars.

Lars Samuelson and Heiner Linke.



 Nanotechnology 292

Nanotechnology
The growth of 
the nano concept in Lund.



 
 

293The nanotechnology in Lund

Lars Samuelson, Professor in Semiconductor  
Electronics at the Division of Solid State Physics, 
started the Nanometer Consortium (NMC) in 1990.
This consortium brought together chemistry, physics 
electronics and theory for the development of new 
physics, technology and materials science on the 
nanometre scale. 

(1 nanometre, 1nm=10-9 m) 
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Aerosols and Solid State Physics

One example of the interdisciplinary projects 
being carried out at the NMC is that with the 
Aerosol Group at the Division of Nuclear Physics. 
It was shown that semiconductor structures could 
be made using size-selected aerosol particles.  
This project, which is led by Knut Deppert,  
has been very successful.

Scanning electron microscopy image showing freestanding columns 
of indium phosphide after an indium phosphide surface covered with 
silver particles has been etched.

Illustration of the aerosol generation system  
in which nanoparticles with a narrow size distribution are  
made and deposited in a controlled way onto a substrate.
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Using the method of MOVPE, quantum dots were 
made during the 1990s. These are small semicon-
ductor structures in which the electrons cannot 
move in space, but can only be found in different 
energy levels. 
Quantum dots are interesting in many fields such 
as optics and quantum components, as well as in 
theoretical research. 
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Magnets

Spintronics

During the 1990s, many successful experiments 
were carried out at the division in which magnetic  
fields were used to split spectral lines using the  
so-called Zeeman effect. 
After this, researchers at the division started using 
magnetic fields to investigate the magnetic char-
acteristics of electrons in spintronics, a completely 
new field of special interest in logic circuits. 



 
 

297Ratchets

At the end of the 1990s, nanostructures called ratchets 
were made, which allow electrons to move in one  
direction only. In this way it is possible to control  
the flow of particles. 
The division also started to carry out research in  
biology, and the Bio Group has made ratchets from 
proteins. These move along a DNA molecule in one 
direction, forming a so-called molecular motor. 

Molecular motor



 

 Nanotechnology 298

Nanowires & Solid State Physics



 
 

299Nanowires

Nanowires are typically about 1-2 micrometres (µm) 
long and about 20 -200 nm in diameter. They usually 
consist of two elements from groups III and V in the 
periodic table, but there are examples of combinations 
of elements from groups II and VI, alloys of three or 
four elements, or only group IV elements. Gold is of-
ten used as the catalyst for growing nanowires. 
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Nanowires grow in importance

Nanowires now play a central role at the  
Division of Solid State Physics, and the  
day-to-day work of most research groups  
is influenced by nanowires. 
Attention was directed towards Lund in 
2002, as researchers here were able to grow 
nanowires with a heterogeneous structure, 
nanowires with segments of different mate- 
rials, in this case indium phosphide and in-
dium arsenide. 
In the same year, the division organised the  
7th Nano Conference. 
In 2004 the division was also able to demon-
strate the growth of branches on nanowires, 
forming nanotrees, and even whole nanoforests!
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The interdisciplinary nature of nanotechnology 
inspired Lars Samuelson to develop a research-
based 4½-year programme in nanotechnology. 
The first group of students enrolled in the pro-
gramme for Engineering Nanoscience in 2003. 
The programme is mainly based on studies in 
materials science, physics, electronics and biology. 

The first seminar for nanoscience students  
in the spring of 2004. Groups of 2-3 students 
present examples of the use of nanotechnol-
ogy in the areas covered by the programme. 
The left side photograph shows the demon-
stration of a hydrophobic shirt made out of 
functional material. The audience consists of 
fellow students, upper secondary school stu-
dents, representatives from industry, alumni 
och lecturers involved with the programme. 
This kind of seminar is held every year for 
first-year students.
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The Nanochurch

The expansion of the division led to a need for 
more space and new equipment. An extension 
was built onto the Berzelius Lab, which was 
completed in 2006/2007. As the shape of the 
building resembles a modern church, it has  
become known as the nano church.



 
 

303The cleanrooms

The nano church has several cleanrooms that house equipment 
for the growth of crystals and the fabrication and characterisa-
tion of nanostructures. The cleanroom with the highest classifi-
cation is ISO class 5, which means that no more than 100,000 
particles larger than 0.1 µm are allowed per cubic metre. 
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The beginning of the 21st century

Four main areas of research are currently being pursued 
at the division today:
Nanomaterials 
Nanophysics 
Nanodevices 
Life sciences
The success of the NMC means that activities at the di-
vision extend far beyond the Nanochurch. The facilities 
at the Division of Solid State Physics are used by over 
200 researchers from 20 divisions of 11 departments, 
both within and outside Lund University. 
A programme for commercialisation has led to the 
foundation of several spin-off companies and engage-
ment in a number of EU projects.

The scanning electron microscope  
is an important tool in the study of nanostructures.



 
 

305Nanomaterials

Research in nanomaterials includes materials  
science, crystal growth and nanostructure fabri-
cation. 

Nanowires with and without a heterogeneous structure.
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Nanophysics

Research in the field of nanophysics 
includes quantum transport and optical 
physics.

Electron transport in nanostructures includes the 
search for Majorana fermions and studies of Cou-
lomb diamonds.

Photoluminiscence. This method gives high spectral 
resolution for the optical characterisation of semi-
conductor materials.



 
 

307Nanodevices

Research in the field of nanodevices includes 
nanoelectronics and optoelectronics.

The Hall effect  
in a single nanowire.

LEDs and on-chip optoelectronics.

ThermoelectricitySolar cellsTransistors
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Life sciences

Research in the field of life sciences includes  
nanobiophysics and nanosafety. 

An example of a lab on a chip used here to sort par-
ticles. The figure shows a so-called bumper array, 
which sorts particles according to size and shape 
based on the path they take through the device.

Biosensors (nanowire electrodes) for 
detecting interactions with nerve cells.

Hollow nanowires for 
the injection of cells.
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Exploring  
the microcosmos
How physicists in Lund measured 
a new scattering effect, helped  
determine the number of families 
of leptons and quarks, and took part  
in the hunt for the Higgs particle. 



 Exploring the microcosmos 310

What we know, and what we want to know

We know, today, that the three main forces of nature, 
the electromagnetic, the weak and the strong force, 
can be described with the aid of field theories, but 
can gravity be described by a field theory, and are the 
most elementary particles in that case strings? 
What is dark matter and what is dark energy?  
Why is there only matter and not antimatter?  
Do the forces of nature have a common origin?

The interactions between particles can be described by the 
so-called Standard Model, in which quarks and leptons are 
divided into three families, with four members in each family. 
Until recently, the only piece of the puzzle missing from the 
Standard Model was the Higgs particle, which was assumed  
to give the other particles their mass.



 
 

311The transformation of particle physics

Particle physicists study the smallest building blocks of 
matter and the interactions between them. Experimental 
particle physics started in Lund in 1962, when the first 
parts of an accelerator built at KTH (The Royal Institute 
of Technology) arrived in Lund. 
It was Professor Sten von Friesen who was successful in 
getting the 1.2 GeV electron accelerator located in Lund, 
rather than Uppsala. 
The Lund University Electron Synchrotron, or LUSY  
as it was known, paved the way for MAX-lab, and with  
it a completely new research division at the Department 
of Physics. 

Enlargement of target area.
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Professor Guy von Dardel

Guy von Dardel became Professor of Elementary 
Particle Physics in Lund in 1965. He was born in 
Stockholm and, after obtaining his doctorate at 
KTH in 1954, took part in the construction of the 
world’s largest particle research facility, CERN in 
Switzerland. He coordinated the development of 
the instrumentation for several experiments and, 
amongst other things, performed renowned meas-
urements of the lifetime of the neutral pi-meson 
(π0), which were of great importance for the under-
standing of the nature of the strong force.



 
 

313CERN

CERN was founded in 1954 by 12 European countries, 
among them Sweden, and its development is directly re-
lated to the history of its accelerators and storage rings. 
The first accelerator, a proton synchrotron (PS) with a cir-
cumference of over 600 metres, came into operation in 1959.
As high energies are needed to study the interaction of 
elementary particles, this field of physics is often called high-
energy physics. A significant step forward in terms of energy 
was taken in 1971 when the world’s first storage ring for 
protons, the Intersecting Storage Ring (ISR), was completed. 
This made it possible to test the quark model.

Protons from the PS are led into the 
ISR where they circle in two rings 
which cross each other at eight points.
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Lund makes its mark on CERN

Guy von Dardel established a Scandinavian 
research group at the new proton-proton col-
lider (the ISR) at CERN. During a period of 
over ten years, they studied the properties of 
the strong force, or quantum chromodynam-
ics (QCD). 
They were especially interested in how quarks 
manifest themselves as showers of correlated 
particles, so-called jets, the subject of Torsten 
Åkesson’s PhD thesis. 
In another experiment carried out by Lund 
physicists, observations that were made 
showed that the number of quarks and glu-
ons increased as their momentum decreased. 

Intersecting Storage Ring (ISR) at CERN, where  
the highest collision energy of the day was achieved  
(63 GeV). The technical resources in Lund were good, 
and the group, which can be seen in the photograph, 
contributed to the construction of the instrumentation 
for the ISR experiments.



 
 

315The Delbrück experiment

In 1969, the accelerator in Lund, LUSY, paved 
the way for an interesting experiment. Two young 
physicists, Göran Jarlskog and Leif Jönsson, hap-
pened to see a theoretical paper by H Cheng and 
TT Wu on Delbrück scattering. Jarlskog applied 
to DESY in Hamburg, Germany to carry out an 
experiment. His application was accepted and 
the results showed that Cheng and Wu had to 
extend their calculations to include multiphoton 
exchange to obtain agreement with the experi-
mental data. First-order diagram with an incoming 

real photon, which is split into a virtual 
electron-positron pair, which in turn 
couples to the core via virtual photons 
at the points marked X. In the final 
state a real photon is recreated.

Diagram illustrating  
multiphoton exchange.
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The final piece of the puzzle?

Elementary particles discovered between 
1945 and 1965. Today, we know of more 
than 100 different elementary particles.  
We know that these particles are made  
up of quarks, and are therefore not really  
elementary. Most of the more recently dis-
covered particles were found using new, 
high-energy accelerators.

The quark model was formulated in 1964 by 
systematizing the current knowledge on the 
building blocks of matter (the hadrons) and 
arranging them into systems. 
Following this, the so-called Standard Model 
was developed, which has been shown to  
describe the interaction between various  
particles very well.



 
 

317From ISR to LEP

CERN changed direction, and in 1988 
experiments started using the large elec-
tron-positron collider (LEP), in which  
the collision energy is known when an 
electron and a positron annihilate. 
This accelerator was built to study the 
electroweak force in detail, and the prop-
erties of the W and Z particles in particu-
lar. When electrons and positrons collide, 
they annihilate, releasing energy. Some of 
this energy is converted into new parti-
cles, which can be studied in a detector.

The conversion of energy to mass, 
according to Einsten’s famous equation.
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LEP & DELPHI  

The large electron-positron collider (LEP) in CERN 
was the world’s most advanced in the 1990s. In the 
27 km long underground ring, electrons and positrons 
could be accelerated to energies above 200 GeV, pro-
viding extremely good conditions for new discoveries. 
The group from Lund contributed to the construction 
of the successful DELPHI experiment, where they 
were involved from the beginning thanks to Göran 
Jarlskog who succeeded Guy von Dardel as professor 
in Lund in 1987. 



 
 

319Detector construction in Lund

DELPHI was the name given to an experi-
ment carried out during the 1990s at the 
LEP, in which Lund took part in the design 
of the central track detector. 
Some of the most important events were 
the measurement of the width of Z bos-
ons (which gives the number of families of 
quarks and leptons), tests of the predictions 
of the Standard Model regarding the elec-
troweak and strong interactions (where all 
the present results support the model), and 
the unexpectedly high lower limit for the 
mass of the Higgs particle (114 GeV). 
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Lund’s involvement at DESY

Evidence of the existence of a new particle, the 
ypsilon particle (Υ), were obtained with the pro-
ton accelerator at Fermi Labs in Chicago, USA. 
The DORIS collider at DESY in Hamburg was 
used to study the charge on the particle, as this 
was the only accelerator with sufficiently high 
energy to study this newly discovered quark- 
antiquark state. 
Physicists from Lund were invited to take part 
in the over 15-strong research group formed in 
1977. Only one year later, 1978, it was confirmed 
that the Υ particle was indeed a bound quark- 
antiquark pair with a charge of -1/3. 

This figure shows the two lowest mass states 
of the Υ particle, and illustrates the difference 
in resolution between a proton accelerator 
(above) and an electron-positron collider 
(below). 

Leif Jönsson was responsible for the Lund 
group’s participation in the research at DESY.



 
 

321Matter and antimatter

At the same time as the DESY group was formed,  
plans were also started for a new detector, ARGUS. It 
was ready to provide its first data in 1982, and allowed 
studies of phenomena in the energy range 3-10 GeV. 
The detector was in use for more than ten years, and  
provided data for many important discoveries, the  
most important being the discovery of the oscillations 
between B mesons and anti-B mesons, i.e. transitions 
between matter and antimatter. 

The first detected event in the 
observation of the transition 
from matter to antimatter.

A Feynman diagram of the transition  
between matter and antimatter.
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Looking into the proton

In 1992, the HERA collider at DESY was 
ready to produce their first collisions to  
study the inner structure of the proton. 
The Lund group was, together with others, 
the first to make direct measurements of  
the momentum spectrum for the gluons in  
a proton. 
Together with the theoretical group from 
Lund, a model was constructed describing 
quark dynamics, making Lund world leaders 
in the field.

A unique discovery was made in 1993, which confirmed 
the measurements previously made at ISR, in which 
clear indications were seen that the number of partons 
(quarks and gluons) in the proton increased as their 
momentum decreased.



 
 

323The hunt for the Higgs particle

In the Large Hadron Collider 
(LHC), which came into opera-
tion in 2009, protons can be col-
lided with each other, producing  
a maximal collision energy of 
14000 GeV, which should be 
more than sufficient to see be-
yond the Standard Model.
LHC started in September 2008, 
but collapsed after a week. At the  
relaunch November 29, 2009, 
one was very excited.
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Finally!



 
 

325ATLAS 

The largest detector system at CERN is called 
ATLAS, and is the result of worldwide collabo-
ration between 38 countries. It was built with  
the aim of finding the final piece of the particle 
puzzle. The Lund group’s participation is being 
led by Torsten Åkesson, who was also the  
mainstay of the group that first proposed  
the building of the LHC. 
In June 2012 a great breakthrough was made at 
the ATLAS detector, when experiments showed 
that the famous boson, Higgs particle, almost 
certainly exists. 
The search for the Higgs particle gave results and 
on the 4th of July 2012, there were clear evidence 
of the particle’s existence.

The ATLAS detector
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The Lund model 
for high energy  
collisions
The famous Lund model  
– theoretical ideas meet  
experimental reality.



 
 

327Historical background

During the 1930s it was known that matter con-
sists of atomic nuclei (protons and neutrons) with 
electrons orbiting around them. During the 1940s 
and 50s many other particles were discovered, called 
hadrons, that appeared to be as elementary as pro-
tons and neutrons. These hadrons interact with each 
other via the strong nuclear force. 
In 1964, M Gell-Mann and G Zweig independently 
introduced the hypothesis that hadrons are made up 
of even smaller particles, called quarks. Y Nambu 
suggested that quarks come in three variaties, colours, 
which interact via the exchange of gauge bosons, 
called gluons.

M Gell-Mann Yoishiro Nambu
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The observation of quarks



 
 

329Quantum chromodynamics – QCD

In 1972, a consistent hypothetical theory for strong 
interactions, quantum chromodynamics (QCD), 
was formulated based on Gell-Mann’s och Nambu’s 
ideas of coloured quarks and massless gluons. 
The theory was confirmed in 1979 when the exist-
ence of gluons was demonstrated in electron–posi-
tron collisions. 
The equations governing QCD can, however only 
be solved when the quarks or gluons are very close 
to each other. In other cases, QCD-inspired models 
are required. 

Figure from the TASSO experiment at DESY in Hamburg, 
which demonstrated the existence of gluons, thereby con-
firming the theory of QCD. The figure shows three particle 
showers from a quark, an antiquark and a gluon created  
by the collision between an electron and a positron.
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The beginning

Bo Andersson

When Gunnar Källén came to Lund in 1958 he as-
sembled a lively group of postgraduate students who 
studied field theoretical problems. When Källén died  
in 1968, his students were dispersed all over the world. 
In the mid 1970s, there was increasing evidence that 
quarks formed the basis of all matter. Bo Andersson  
and Gösta Gustafson, who had then returned to Lund,  
togehter with the PhD student Carsten Peterson deci-
ded to study what was for them a new area. This was the 
start of what was later to become the Lund Model.

Gösta Gustafson



 
 

331Early development

Carsten Peterson obtained his doctorate in 1977, 
and left Lund soon after. He was replaced by several 
other talented PhD students. Torbjörn Sjöstrand,  
Bo Söderberg, Gunnar Ingelman and, somewhat 
later, Hans-Uno Bengtsson, made especially impor-
tant contributions to the quark project. Efforts were 
directed to understanding and describing high- 
energy collisions. 
The Lund Model and the Lund Monte Carlo pro-
gram became the terms used for models and compu-
ter programs used to simulate various kinds of  
collisions between electrons, protons  
and nuclei. String fragmentation  
and quark–gluon cascades are  
important components  
in these models  
and programs.

Results from a study by Andersson, Gustafson, 
Ingelman & Sjöstrand, showing the angular dis-
tribution of energy of gluon emission in electron– 
proton collisions. The solid line shows the Lund 
Model prediction.
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Quark fragmentation

In high-energy collisions between, for example, an 
electron and a proton, a quark can be ejected from 
the proton. However, as it cannot be isolated, it ma-
terializes as a shower or jet of hadrons (bound states 
in a quark–antiquark pair, or three quarks). 
Similar jets arise from reactions where the electron–
positron pair is transformed into a quark–antiquark 
pair. In 1977, an important step was taken with a 
model describing how the energy of a high-energy 
quark is transformed into such a jet.

This process is illustrated in a space–time diagram,  
in which time extends upwards. The extension of the  
force field is shown by the hatched area.

A retarding force field is developed bet- 
ween a quark and an antiquark when they  
move away from each other. This field can  
be fragmented by the formation of another quark– 
antiquark pair. Repeated fragmentation leads to several  
bound quark–antiquark systems. These are the observable  
particles in the showers, or jets, in the direction of the quark  
and the antiquark.



 
 

333Gluon fragmentation 

The jet fragmentation model was refined and deve-
loped, and in 1979 was also able to describe gluon  
jet fragmentation (as a gluon with high energy  
also cannot be isolated, it similarly gives rise to  
a jet of hadrons). The force field that holds the  
particles together is assumed to be similar to a  
massless relativistic string, and the model is thus 
called the Lund String Fragmentation Model. 
This model predicted a specific asymmetry in  
the particles produced in electron–positron  
collisions, and was widely acclaimed when this  
was observed experimentally in 1980.

The force field can be approximated by a very thin string.  
According to the Lund Model, a gluon is represented by a  
kink on the string. The figure shows how the string moves  
and breaks up into several pieces.
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Monte Carlo

A high-energy collision is so complex that it cannot 
be treated analytically. It was thus necessary to com-
plement the models with simulation programs, gener-
ally called Monte Carlo programs. 
The Lund MC program was developed to simulate 
collisions between all conceivable elementary particles 
and also atomic nuclei. Such simulations are used in 
both the planning of experiments and the analysis  
of the results. 
The program PYTHIA, developed mainly by Torbjörn 
Sjöstrand, is particularly important, and is now the 
world’s most commonly used program for high-en-
ergy collisions.

The first Monte Carlo program developed in 1978  
was short enough to fit on one A4 page. Today’s ver-
sion (2014) contains about 100 000 lines of code.



 
 

335Quark–gluon cascades

When quarks collide, gluons are produced. These 
gluons can in turn emit more gluons, forming a 
cascade. At very high energies, these cascades have 
an important effect on the results. Models of the 
cascades constitute important components in the 
description of high-energy collisions. A dipole  
formulation of such cascades was developed by 
Gösta Gustafson and Ulf Pettersson. 
The simulation program ARIADNE, developed 
mainly by Leif Lönnblad, has been especially suc-
cessful in describing electron–positron collisions.  
The dipole formalism is now generally used for  
the description of quark–gluon cascades. 

Electrons and positrons of high energy are collided in the Large Elec-
tron–Positron collider (LEP) at CERN. This leads to the formation of 
a quark, an antiquark and a large number of gluons. The production 
of these multigluon states is well described by the dipole formulation, 
which is simulated in the Monte Carlo program ARIADNE.
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Nuclear collisions

When atomic nuclei collide, a large number of particles are  
produced. The figure shows a collision at the Relativistic  
Heavy Ion Collider at Brookhaven, outside New York.

Working together with experimentalists has been 
very valuable. A collaboration between Bo Andersson 
and the experimentalist Ingvar Otterlund on nuclear 
collisions took place already in 1974, before the start 
of the Lund Model. 
The collaboration resumed in the 1980s, leading to 
the development of the FRITIOF model, were the 
theoretician Bo Nilsson-Almqvist and the experi-
mentalist Evert Stenlund together wrote the simu-
lation program. 
Studies on nuclear collisions have recently been  
resumed in connection with the development of  
the DIPSY model. 



 
 

337High gluon density

At high collision energies, the density of low-energy 
gluons can be very high. Beyond a certain value, the 
gluons can no longer be regarded as individual par-
ticles, but interact coherently. These effects can be 
expected earlier in nuclear collisions, and are there- 
fore important in the analysis of a possible phase 
transition to a quark–gluon plasma. 
The effects of high gluon density have been included 
in the DIPSY model. This model is especially suited 
to the study of the effects of fluctuations and corre-
lations, and finds applications in collisions between 
electrons, protons and nuclei.

Correlation between two gluons in a proton at high energy, where b  
denotes the distance between the gluons in the transverse direction. 
The peak at b=0 indicates that many gluons are found close together. 
This is important for the possibility for two gluons to scatter simultane-
ously in a proton–proton collision.
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Physics beyond the standard model



 
 

339Teaching and collaboration

Over 30 PhD students have got their training working 
on the Lund Model. Among these, Torbjörn Sjöstrand 
and Leif Lönnblad are now professors still working at 
Lund University. Gunnar Ingelman has established an 
affiliate in Uppsala, and some are now working in the 
theoretical biophysics group started by Carsten Peter-
son in Lund. 
Contact with the experimental high-energy physics  
group at Lund has been extremely fruitful, leading,  
amongst other things, to the development of the  
FRITIOF model. During recent years, the two  
groups have together supervised seven EU-finan- 
ced PhD students.
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Important milestones

• A model for quark jet fragmentation (1977) 
•  A model for electron–hadron and hadron–hadron 

collisions, called the fragmentation model (1977) 
• The first Monte Carlo program (1978) 
• The Lund string fragmentation model (1979) 
• Model for proton collisions based on  

multiple quark–gluon collisions.  
The beginning of PYTHIA(1986) 

• FRITIOF, a model for collisions  
between hadrons and/or nuclei (1986) 

•  Dipole formulation of gluon cascades,  
ARIADNE (1988) 

• PYTHIA is developed into a standard program  
that also includes hypothetical reactions, like the 
Higgs and supersymmetric particles  
(gradual development over many years) 

• Saturation and small x, DIPSY (2005) 

An event generated from the FRITIOF Model. This figure from 
1986 shows the distribution of particles in a high energy collision 
between a silicon and a gold nucleus.



 
 

341Theoretical biophysics

Carsten Peterson started his career with what was 
later to be the Lund Model, but he changed the 
direction of his work and started to study lattice 
QCD, where the usual continuous space-time is 
approximated by a discrete lattice, using statistical 
mechanical methods. 
This approximation later served as the foundation 
for another step forward in 1988, which led to a 
number of new multidisciplinary subjects: Pattern 
recognition, complicated optimization problems, 
protein folding and the identification of biomar-
kers in cancer diagnosis.

Simplified figure showing the results of modelling  
of the aggregation of Aβ peptides. This peptide  
consists of about 600 atoms, and is associated  
with Alzheimer’s disease.

Carsten Peterson
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Stem cells differentiate

Considerable effort is currently being devoted 
to the modelling of the dynamics of genes and 
stem cells in an attempt to direct the develop-
ment of the stem cells. 
Studies are being carried out on how millions 
of blood cells can be produced each day from 
relatively few blood stem cells in the bone mar-
row, and the first stages of embryonic develop-
ment. 
Anders Irbäck and Mattias Ohlsson have  
developed their own areas of specialization  
in protein dynamics and clinical issues.

Schematic illustration of the early development of an embryo (4-5 days) 
from one to about 100 cells. The outer (trophectoderm) and inner  
(endoderm) layers are responsible for the supply of nutrients and  
delineation between the organs that will develop later.
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Fast atoms  
and shining stars
How spectral lines tell us the  
lifetimes of excited atoms and the 
chemical composition of stars.
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Atomic spectroscopy – a tradition in Lund

The Department of Physics in Lund has a long tradi-
tion of the investigation of atomic spectra. The work 
performed by Rydberg and Siegbahn laid the founda-
tion for our knowledge on the structure of atoms. 
Siegbahn’s successor, Koch, studied the effects of elec-
tric fields on atomic spectra, and Edlén’s analysis of 
spectra from complex atoms and highly charged ions 
provided new knowledge on atomic structure. 
When the Institute of Technology was founded in 
Lund, Minnhagen established a research division  
in atomic spectroscopy.

An X-ray spectrum on a photographic plate, recorded by Siegbahn.

A spectrometer for infrared radiation, constructed in Lund in 1969.



 
 

345Atomic lifetimes

Indrek Martinson took over from Bengt Edlén 
in 1975. He expanded the field of spectroscopy 
by introducing measurements of atomic lifetimes. 
Martinson had obtained his PhD in nuclear phys-
ics in Stockholm, under the supervision of Manne 
Siegbahn. During a period as a post doc in Tucson, 
Arizona he had learnt a new experimental method 
called beam-foil spectroscopy.

Indrek Martinson 1937-2009

An atom that is excited to a higher  
energy level returns to a lower  
energy level after a very short time,  
of the order of a few ns (10-9 s),  
and emits its excess energy. This is  
what we see as a spectral line.
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Beam-foil spectroscopy



 
 

347Lifetime measurements

Measurements of atomic lifetimes at the 
Pelletron accelerator were combined with 
theoretical studies. The accurate lifetime 
measurements allowed various theoretical 
and mathematical models to be tested.

This figure shows the measurement of  
three states in a positively charged fluorine  
ion, F+7. According to elementary theory,  
they should have the same lifetime, however,  
the experiment showed that one of the  
states (J=1) had a much shorter lifetime than 
the other two, which also differed a little.  
Extensive theoretical calculations showed  
that the difference in lifetimes was due to  
the spin of the electrons and the nucleus.
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Highly charged ions

When positive ions pass through the carbon foil, one 
or more electrons are stripped off, increasing the posi-
tive charge on the ion. The beam-foil method can, 
therefore, also be used to analyse the structure of high-
ly charged ions of, for example, fluorine and sulphur. 

Spectral lines from a beam of positively charged sulphur ions: S3+, S4+, S5+, S6+.



 
 

349Laser-generated plasma

The energy structure of highly charged ions can 
also be studied with high-energy lasers with pulse 
energies of 1 GW. The laser beam is focused onto 
the material to be studied using a lens. The energy 
of the pulse was so high that a plasma was formed 
at a temperature of a million degrees. The ions in 
the plasma lost up to 20 electrons. A photographic plate 

showing a spectrum 
obtained from highly 
charged ruthenium ions.

Ulf Litzén, one of Lund’s atomic  
spectroscopists, beside the high-energy laser in 1985.
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Plasma diagnostics

PhD students and postgraduates from the 
Division of Atomic Spectroscopy took part 
in international collaboration at laboratories 
in the UK ( JET), and Princeton, USA. These 
experiments were aimed at producing energy 
by fusion resulting from the collision of deu-
terium and tritium atoms at temperatures of 
tens of millions of degrees.
The spectroscopists from Lund measured  
levels of contaminants by analysing spectra 
from the superheated plasma. These measure-
ments are important, as even extremely small 
levels of heavier atoms reduce the tempera-
ture, preventing fusion from taking place.

Joint European Torus, JET.



 
 

351Astrophysics in the lab

In 1970, Sveneric Johansson started his PhD studies 
under the supervision of Bengt Edlén. His research 
was on the structure of ionized iron, Fe+. 
The spectra from several kinds of stars contain many 
spectral lines arising from iron. Sveneric’s new mea-
surements showed that there were many more lines 
from iron than previously thought. 
After obtaining his PhD, Sveneric formed a research 
group to study astrophysics in the laboratory, and they 
investigated atoms of special interest in astronomy. 
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The Hubble Space Telescope



 
 

353Atomic astrophysics

Details in the UV spectrum from Chi Lupi showing  
spectra lines from Au, Pt, and Fe.
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Fourier transform spectroscopy

Accurate laboratory measurements of wavelength are 
required to identify spectral lines in a stellar spectrum 
containing many lines from different elements. It is 
also necessary to measure the intensity of lines in the 
laboratory in order to determine the amount of each 
element.
A new high-precision method for spectroscopic 
measurements is Fourier transform spectroscopy 
(FTS), which employs an interferometer with very 
high resolution. The interferogram recorded is a 
Fourier transform of the spectrum, which is then 
analysed in a computer. 

FTS gives very high resolution,  
allowing the structure of spectral  
lines resulting from the spin of  
the atomic nucleus to be seen.  
 
 
 
The figureshows the structure  
in three lines resulting from  
Pr+ (the ion of the element  
praseodymium).



 
 

355Intensity measurements
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Eta Carinae



 
 

357A laser star?

Sveneric Johansson identified a large number of  
Fe+ lines in the gas bubbles around Eta Carinae,  
two of which were much stronger than the others. 
However, they were not especially prominent in 
laboratory measurements. 
Sveneric and the Russian laser expert Vladilen 
Letokhov were able to show that the increased  
intensity of the two lines was due to stimulated 
emission, or lasing, in the bubbles.

Sveneric Johansson and Vladilen Letokhov described their research  
in the book, Astrophysical Lasers, which was published posthumously  
in 2010, just a year or two after the two physicists had died. 

Johansson and Letokhov
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When the laser  
came to Lund
On how it happened and how  
it eventually led to a world record.



 
 

359The world’s first laser

In 1917 Albert Einstein realised that the 
new phenomenon of stimulated radiation 
emission should exist. 
In 1954 the phenomenon could be demon-
strated in an experiment for the first time 
and in 1960 American physicist Theodore 
Maiman constructed the world’s first laser. 
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What can a laser be used for?



 
 

361What is a laser?

Unlike a normal light source, where the light shines 
out in all directions and with many colours, the light 
in a laser has been concentrated to a narrow beam 
with a specific colour. 
The usual state in a material is a normal population, 
whereas in a laser there is an inverted population. 
The inverted population is achieved with the help 
of pumping, for example with a strong flash lamp, 
which means that instead of the light being muted  
it is intensified. 

With the addition of mirrors, it is possible to 
create a light source, such as a ruby laser, 
with very special properties. The light from the 
laser becomes extremely intense and useful.

Amplified light.

Various atomic systems.
Normal population. Inverted population.
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The first laser to be built in Lund

Mario Gallardo with the first laser.

The laser came to the Department of Physics in Lund 
with the help of Kjell Bockasten. He had completed 
his PhD in Spectroscopy under Bengt Edlén.
Kjell had previously built a HeNe laser in Uppsala  
and published a number of key articles on lasers.
Together with Mario Gallardo and Osvalde  
Andrade, Kjell Bockasten built Lund’s first  
laser in 1966.



 
 

363The laser group

Kjell Bockasten built up a new research group 
at the Division of Atomic Physics that initially 
constructed nitrogen lasers, which produce short 
pulses in UV (337 nm). Nitrogen lasers could be 
used to study absorption spectra in the element 
barium among others.
The laser group’s measurements of Rydberg  
series produced new values for the ionisation 
energies of a number of elements. 

Kjell Bockasten with colleagues, standing at the front left,  
at the physics course laboratory (LTH).

Registered Rydberg series in barium 
with n-quantum numbers up to n=62.
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When Sune came to Lund

When Sune Svanberg came to Lund in 1981 
the focus of the atomic physics research at LTH 
changed.
From having principally been about classic atomic 
spectroscopy, the focus moved to laser spectroscopy 
and applications of lasers.
With Sune’s broad knowledge and great inventive-
ness, the laser activities in Lund got off to a fantas-
tic start.
New, modern laboratory exercises in combination 
with Sune’s inspiring lectures attracted a lot of stu-
dents to the Division of Atomic Physics.

Laboration om  
NdYag-lasern.

Sune Svanberg with new Nobel Prize Laureate Artur Schawlow  
in 1981.



 
 

365Four doctoral students and a bus

LIDAR (Light detection and ranging) is a technique 
used to measure an object’s properties by illumina-
ting it, for example with laser pulses.

Sune Svanberg brought four doctoral students 
with him from Chalmers. 
One of these was Marcus Aldén, who continued 
his measurements in combustion; this research 
would lead to an entirely new division and eventu-
ally to a combustion engineering research centre. 
Another doctoral student was Hans Edner, who 
concentrated on LIDAR measurements.
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Measuring air pollution

Distribution of mercury.

Sune had brought a mobile LIDAR system which 
had been built into a bus in Gothenburg and this 
formed the basis for Hans Edner’s research. Later, 
a larger LIDAR bus was built, which was used to 
measure pollution at factories.



 
 

367Basic research

Laser spectroscopy in Cs I.

Measured spectrum.

During the 1980s, a lot of basic research was also car-
ried out. Initially, the research was on laser spectroscopy 
with broadband lasers, but later researchers including 
Stefan Kröll carried out Doppler-free measurements 
with continual narrowband dye lasers and time-resolved 
spectroscopy on hyperfine levels with pulsed lasers. 
Claes-Göran Wahlström was responsible for the  
theoretical calculations at the division. 
Anders Persson, who completed a PhD on laser  
measurement of lifetimes showed himself to be  
good with all types of lasers and gained an impor- 
tant position when the high-power laser was in- 
stalled and brought into operation in 1992.
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Medical applications

In the early 1980s, Sune Svanberg and his wife, 
doctor Katarina Svanberg, carried out experiments 
with medical lasers.
An important method developed by Katarina was 
photodynamic therapy in combination with fluo-
rescence measurements.
In 1987 the first patients were treated with pho-
todynamic therapy and nowadays the method is 
routinely used to treat certain types of skin cancer.

Katarina Svanberg treating a patient.

When ALA (aminolevulinic acid) is injected into 
tissue, a tumour can be detected as it fluoresces 
in the light of a laser. Laser light of another wavel-
ength can then be used to burn away the tumour.



 
 

369Medical applications

In 1990 the medicine group at the Division of 
Atomic Physics, which by then had been reinforced 
with, among others, Stefan Andersson-Engels, Jonas 
Johansson, and Roger Berg, successfully scanned a 
hand using snake-like light. This method was an im-
portant step forward for optical mammography.
The successes with laser applications in medicine, 
such as treatment with photodynamic therapy and 
diagnosis with fluorescence, led to the establishment 
of the Lund Medical Laser Centre in 1991 to coor-
dinate the research and teaching in the field.

Scanning of a hand with snake-like light. 
The method produced much better contrast 
than normal measurement over time.
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A high-risk project …

Having completed a PhD in Theoretical Atomic Physics 
under Sune Svanberg, Claes-Göran Wahlström worked 
for a while at Imperial College London. There he learnt 
to work experimentally with high power laser physics. 
In the meantime Sune had applied to the Wallenberg 
Foundation for a high power laser system. Together  
with Anders Persson he visited various laser labora- 
tories to study possible solutions for such a system.
Despite warnings from experts, they chose a new  
type of system.

Sune Svanberg, Anders Persson, and Claes-Göran 
Wahlström with the TW laser system.



 
 

371… that became a success! 
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When the laser system was ready to be 
brought into operation in autumn 1992, 
physicist Anne L’Huillier was invited to 
Lund.
She had started the development and 
generation of high harmonics of the  
laser frequency at home in France. 
In Lund Anne developed her research 
further and quickly obtained good re-
sults. The fact that the new laser could  
be operated with a very high pulse fre-
quency contributed to her results.

Anne L’Huillier
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Creating X-rays

Carl Tillman used the new laser source in another 
way. He focused the light on a rotating metal plate. 
The high intensity of the light when it hit the metal 
produced a strong X-ray source. Since the radiation 
source was very small, he was able to create high 
resolution X-ray images.

X-ray image of a rat.

Parabolic mirror Femtosecond terrawatt 
laser pulse

Target with high Z

Aperture

Multichannel analyzer

Image plate

X-ray  
detector



 
 

373Diode laser spectroscopy

Measurements of gas inside a package of juice.

Diode lasers are small and cheap and their wave-
length can be changed relatively easily.
One person who made use of the diode laser’s 
properties was Peter Kaurannen. By modulating 
the frequency of the laser he was able to use it  
to analyse gases and also demonstrated this in 
laboratory experiments.
Gabriel Somesfalean and Ulf Gustafsson took 
the diode laser further and developed many new 
applications for diode laser spectroscopy. Gabriel 
also started the GASMAS project with Mikael 
Sjöholm; the project involved a method of meas-
uring gases within porous materials.
Märta Lewander showed that it was possible to 
measure the gas content of sealed packaging.

Detector

Gas

Juice
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World record for short laser pulses

Stroboscopic registration with an attosecond pulse.

Nowadays, lasers are used in most divisions of 
the Department of Physics. At the Division of 
Atomic Physics, the picosecond laboratory has 
been converted into an attosecond laboratory. 
Here, Anne L’Huillier’s research group has gen-
erated extremely short laser pulses that last less 
than 170 attoseconds (as). In 2003 the pulse 
length 170 as was a world record! 
Using these short pulses, it has been possible to 
measure the movement of electrons when they 
leave an atom and bob away on a light wave! 

Electrons leavning the nucleus of the atom.



 
375

”Lord of the Rings”
The story of baby MAX 
– how he learned to walk 
and grew up to be big and strong.
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A small ring

Sweden’s first electron accelerator was 
built in Stockholm at the Royal Institute 
of Technology, KTH, in 1945.  It had a 
diameter of 13 cm, and was able to acce- 
lerate electrons in circular path, to an en-
ergy of 2 MeV. 
Its designer, Olle Wernholm, built increas-
ingly larger accelerators, and in 1953, the 
Department of Physics in Lund took over 
his latest creation, a 35 MeV electron syn-
chrotron. 
Kurt Lidén, assistant professor, later to  
become a professor in radiation physics, 
and Sten von Friesen, professor in nu- 
clear physics, were responsible for the  
accelerator being located in Lund.

1 MeV is the energy of an electron 
when it is accelerated by a potential 
of 1 million volts.



 
 

377A larger ring

The 35 MeV synchrotron was used for  
experimental nuclear physics. After a  
while, there was a need for higher ener- 
gies to study mesons and other newly  
discovered particles. 
Olle Wernholm had plans for a larger 
synchrotron. The question was whether 
it would be located in Lund or Uppsala. 
Thanks to Sten von Friesen, a number  
of companies in the region provided  
funding for a building in Lund to house  
the accelerator – where it was placed.  
The accelerator was called LUSY  
– the Lund University Synchrotron. 
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The principle of the synchrotron

Electrons are accelerated by an electric field, and 
are then injected into a circular accelerator. Their 
energy is increased with every revolution in the 
system by regions with a high-frequency electric 
field, which are synchronized with the period of 
revolution, hence the name synchrotron. 
The radius of the electrons’ path is determined  
by their velocity and the strength of the magne-
tic field bending them into a circular path. If the 
velocity of the electrons entering the ring is close 
to the speed of light, the extra energy they gain 
increases their mass instead of their velocity,  
and the electrons remain in the circular path.



 
 

379Research at LUSY

LUSY came into operation in 1962, and its  
operators became increasingly more knowl-
edgeable on the operation of accelerators.  
A new division for research into elementary 
particles, using LUSY, was established by  
Guy von Dardel in 1965. LUSY was also  
used to produce pi-mesons. 
Another group, led by Bengt Forkman,  
was working with both the 35 MeV  
synchrotron and LUSY to study how  
the nucleus was affected by the radi- 
ation resulting from the collision  
of electrons with material. 

Synchrotron hall

Experimental hall

Concrete
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1971 – A fateful year

When discussions started on a major expansion of CERN 
(the European Organization for Nuclear Research, in 
Geneva), the question of Sweden’s financial contribution 
to the project arose. 
In 1971, it was decided that funds would be redirected 
from the grant for nuclear physics, and thus support  
for LUSY ceased. 
The Accelerator Group and the Photonuclear Group  
had to take measures to save their activities in Lund. 
There was no lack of ideas, and an application to the 
Council for Atomic Research, signed by Bengt Forkman 
and the operational manager at LUSY, Rune Alvinsson, 
was completed at the beginning of 1974. 



 
 

381The origin of MAX

The new proposal was for a small facility for 
research in nuclear physics, consisting of an 
accelerator that could produce electrons with 
an energy of 100 MeV – a ring that could 
transform the short pulses from an accelerator 
to a continuous beam of electrons, and a sys-
tem that could identify electrons with a spe-
cific energy for nuclear physics experiments. 
The planned accelerator had been developed 
by Olle Wernholm, and was called a racetrack 
microtron, as the electrons moved in a path 
similar to a racetrack. 

The name of the new accelerator, MAX, is derived 
from Microtron, Accelerator, and the fact that the 
circulating electrons emit X-rays. 

100 MeV Microtron

Linac

Magnet

Electron gun

Magnet

e-orbits bend in 
magnetic fields

e-orbits bend in  
magnetic fields
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A bright idea

Initially, it was intended that the MAX project 
would involve only nuclear physics, but researchers 
in material physics, PO Nilsson from Gothenburg 
and Anders Flodström in Linköping, suggested 
early on that perhaps MAX could be used to pro-
duce synchrotron radiation. 
Mikael Eriksson, who had been the technical 
director of MAX-lab since the beginning, inves-
tigated this possibility, and the MAX project was 
expanded to include research using synchrotron  
radiation. The storage ring was designed to in-
crease the energy of the electrons to 550 MeV. 



 
 

383Synchrotron radiation

An electron that is accelerating, for example, oscillat-
ing in a radio antenna, emits electromagnetic waves. 
An electron moving in a synchrotron ring also emits 
radiation, in the same way, when it is bent by the 
magnetic field. 
When the velocity of the electrons is close to that of  
light, the radiation is emitted in a narrow bunch, con- 
taining all frequencies and wavelengths, from the in- 
frared, via visible light, to the ultra-violet, and into 
the X-ray region.

Monochromator
(The radiation is split up)

Movable 
sample

Synchrotron radiation
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Undulators

The fact that synchrotron radiation has 
a high intensity over an extremely broad 
frequency range makes it useful in widely 
varying areas of research. 
The intensity of the radiation can be in-
creased using an undulator, in which the 
electrons pass through a magnetic field 
with alternating polarity. This will cause  
the electrons to oscillate, emitting radia- 
tion from each undulation. 
When the distance between the magnets  
is suitably adjusted, the radiation will in- 
terfere, leading to higher intensity in a  
narrow frequency interval. 



 
 

385MAX I

This change in plans led to a change in the appearance 
of MAX. The electrons are first accelerated in a racetrack 
microtron, before being injected into the 9.2 m diameter 
storage ring. The circular path is obtained using eight 
magnets, and every time the beam is bent, radiation is 
emitted. Along a small part of the ring, the energy of  
the electrons is increased to its maximum: 550 MeV.  
In another part of the ring there is an undulator.

Experimental nuclear physics was performed, up 
until spring 2015, in a separate laboratory using 
electrons from the ring.
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Do-it-yourself



 
 

387MAX leaves home!

In 1981, MAX-lab became an independent research 
facility, with its own board and director. The main rea-
son for this was to promote it as a national laboratory. 
At about the same time, The Swedish Scientific  
Research Council (NFR) decided to make research 
with synchrotron radiation an area of high priority. 
This idea was embraced by Lund University, and a 
large experimental hall at the Faculty of Enginee- 
ring (LTH) was made available for the accelerator. 

Sensational news! MAX-lab moves into new 
premises at LTH. It will be a great success, 
says Bengt Forkman. 
The large photo shows the same place ten 
years later.
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MAX grows up



 
 

389MAX-lab

The accelerators at MAX-lab consisted of 
three electron storage rings (MAX I, MAX 
II and MAX III) and a pre-acceleration 
stage (MAX injector). MAX III was a 
700 MeV ring built in 2007 to relieve user 
pressure on MAX II. It was also being used 
to test new technology in the construction 
of MAX IV. 
All three rings produced synchrotron radi-
ation for experiments and measurements 
in various areas of research in, for example, 
physics, chemistry, materials science, bio-
chemistry and medicine, and were used  
by research groups from many countries. 
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The rings construction

Mikael Eriksson, the designer of MAX, started 
his career as a PhD student in the Photonuclear 
research group, and soon became interested in 
the development of accelerators. 
MAX-lab’s consultant Bengt Anderberg from 
Scanditronics designed the injector system and 
shaped the magnets directly from the massive 
iron plates. This compact magnetic structure re-
sulted in significant benefits, not least cost-wise.
Mikael’s pioneering work has earned him the 
highest international recognition. He is regarded 
as a pioneer in accelerator physics, and new syn-
chrotrons are based on his ideas.



 
391The future of MAX

MAX-lab was created thanks to physicists from outside 
Lund and the management of Lund University. This 
was complemented by the bold and skilful planning and 
knowledgeable contributions of the MAX Group. 
Research at MAX IV is important in finding new mate- 
rials in a world of ever-dwindling resources, and to broa-
den our knowledge in biophysics and chemistry, as well 
as to test new theories and experimental techniques.

Nils Mårtensson, director of MAX-lab from  
1997 to 2011, has guided the MAX IV project  
around many obstacles, and has succeeded 
in taking it from conception to reality.

MAX IV was inaugurated 21st of June 2016.



 The synchrotron light from Lund 392

The synchrotron light 
from Lund
The story of how physicists in Lund 
learned to use synchrotron light.



 
 

393The brilliant light

The development of the famous equations linking 
electricity and magnetism by James Clerk Maxwell  
in 1873, signalled the end of the epoch of classical 
physics and heralded the age of quantum mechanics. 
Fourteen year later, Heinrich Hertz showed that 
flowing electric currents caused magnetic fields that 
radiated with the velocity of light. This formed the 
basis for synchrotron radiation. 
The general theory of electromagnetic radiation was 
found to be complicated. In 1898, one year after the 
discovery of the electron, Alfred Liénard wrote his 
treatise on electric and magnetic fields.

Alfred-Marie Liénard 
1869 -1958

Maxwell’s equations.



a)

b)
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Synchrotron radiation is a relativistic effect

Albert Einstein formulated his theory of special  
relativity in 1905. This allowed Liénard’s calculations 
to be further developed by GA Schott in 1912. 
He arrived at the following conclusions:
a) An electron travelling in a circular path emits 

radiation. If the velocity of the electron is low, 
the radiation will be emitted isotropically  
(in all directions). The intensity of the radia-
tion will be higher towards the outer edge  
of the path, and lower towards the centre.  
The radiation will be monochromatic  
(of a single wavelength). 

b) As the velocity of the electron approaches 
that of light, the radiation will become  
unidirectional (in one direction). It will be 
concentrated to a small cone, and contain  
all wavelengths. 

radiation path electron path

radiation path



 
 

395The pioneers

Accelerators for charged particles were developed in 
the 1930s. The first to produce a working electron 
accelerator was DW Kerst, who presented a 2 MeV 
betatron in 1941, based on a transformer. J P Blewett 
was aware of Schott’s calculations on the emission  
of electromagnetic radiation, and observed that the 
circumference of the electron paths decreased as a 
result of this radiation. 
This became clearer in spring 1947, when a tech- 
nician working on a 70 MeV betatron noticed an  
intense beam of light leaving the beamline in a  
tangential direction. Synchrotron radiation had  
been discovered!

Synchrotron radiation spectra from various kinds of electron paths.
The most commonly cited theoretical work on synchrotron radia- 
tion was presented by J Schwinger (1918-1994).
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The MAX project

Sketch of the MAX I ring.

The Swedish synchrotron radiation laboratory 
MAX-lab is located in Lund. The project started in 
1973 as a nuclear physics project, and five years later 
had developed to include a synchrotron light source. 
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397The inception of MAX-lab

Although no research was being carried 
out in synchrotron radiation physics in 
Lund, a research position was established, 
and Anders Flodström from Linköping/
Stanford (USA) took up the position. 
He had plenty of new ideas and was a 
successful entrepreneur, being one of the 
main applicants responsible for equipping 
the synchrotron with scientific equipment, 
with the objective of developing a national 
research centre. 
All the Swedish research groups in this 
field were welcome to use the equipment.

Anders Flodström 
Senior lecturer in synchrotron radiation physics from 
1981-1985, later Professor, Faculty Dean and the 
Vice-Chancellor of two Swedish Universities.
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A national facility



 
 

399Researchers from far and wide

In 1980 Lund University offered well-equipped 
premises for the MAX project. The accelera-
tor was commissioned in 1986, and the lab was 
inaugurated the following year. 
Sixteen synchrotron radiation projects were 
described in MAX-lab’s first annual report in 
1987. One of these was a report by two young 
scientists, Ulf Karlsson from MAX-lab and 
Roger Uhrberg from Linköping, on highly re-
solved electron levels in the Au/Si (111) inter-
face. By this time, Anders Flodström had left 
MAX-lab and been replaced by Ralf Nyholm 
from Uppsala.



 

 The synchrotron light from Lund 400

Let there be light!



 
 

401Competence begets competence

At about this time (September 1988 - August 1989) 
Ingolf Lindau was on sabbatical leave from Stanford, 
at the MAX-lab in Sweden. This would prove to be 
extremely important for MAX-lab’s future. 
Lindau was a synchrotron radiation researcher of  
high international repute, and was just the person  
to formulate the application for MAX II. 
Lund University had applied for a professorship 
in synchrotron radiation physics in 1986. This was 
approved in July 1988, and Ingolf Lindau was ap-
pointed to the position in 1990.
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Royal splendour

Ingolf Lindau’s task was two-fold: To steer the 
MAX II project to completion and to build up a 
research department. He was successful in both, 
and by 1997, when he ceased to be director, the 
old and the new storage rings were equipped with 
16 beamlines. He also developed and installed a 
number of wigglers and undulators. 
Ingolf left behind him a research group consisting 
of 17 members, that had carried out research of 
the highest quality. An international assessment 
group had nothing but praise and admiration,  
and described the achievement as heroic.



 
 

403Photoelectron spectroscopy

The Nobel Prize in Physics was awarded to Kai Siegbahn 
in 1981 for his work on photoelectron spectroscopy, and 
this paved the way for the new Division for Synchrotron 
Radiation Research in 1990. 
Ralf Nyholm and Jesper Andersen were studying sur-
face properties and surface chemistry, for example, the 
adsorption of carbon monoxide (CO) on a crystalline 
surface of rhodium (Rh). At low levels of CO they  
observed only one peak (the carbon 1s peak), which  
resulted from the binding of CO directly to a Rh  
atom on the surface of the crystal. However, at higher 
levels of CO they saw a second peak, which they in- 
terpreted as being due to binding to a vacancy in the  
Rh surface.

The 1s carbon peak indicates binding of CO on the surface 
of the material. The figure on the right shows more detailed 
spectra that reveal vibrational levels.
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Molecular and cluster research at MAX-lab

Stacey Ristinmaa Sörensen was interested in the dynamics of 
material at very low densities when irradiated with synchrotron 
radiation, and was looking for answers to question such as:  
How does this material react to synchrotron radiation?,  
How fast are the chemical reactions that are initiated?,  
and How do free nanoparticles and clusters behave?
By using short-lived electronic states as a clock, her research 
group, collaborating with other Swedish research groups in  
molecular physics and quantum chemistry, was able to follow  
the dynamics of the molecules on timescales of 10-15 seconds.

Stacey Ristinmaa Sörensen, head of the  
Division for Synchrotron Radiation Research.

This example shows how the geometry of a water molecule is  
changed by electron decay which affects the molecular orbitals  
creates bonds between the atoms.



 
 

405Surface Catalytic Experiments

Joachim Schnadt,  
Professor in synchrotron-radiation-based 
in situ electron spectroscopy. 

1s electron spectra from oxygen show how  
carbon dioxide is created by catalysis when  
oxygen (red peaks) and CO react strongly at  
the platinum surface at high temperatures.  
This was confirmed using mass spectrometry

The use of electron spectroscopy is limited in 
high-pressure surface catalytic experiments  
as the former can only be carried out at very 
low pressures. The high brilliance of synchro- 
tron radiation allows this problem to be over- 
come and in situ experiments to be performed.  
The technique was developed by Joachim 
Schnadt. Together with his research group 
at MAX II, he has studied how the surface 
of platinum reacts with a mixture of carbon 
monoxide and pure oxygen. At elevated tem-
peratures, the CO is oxidized to CO2. 

The experiment reveales a new carbon dioxide gas phase peak at tempera-
tures around 535 K.
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Catalysis and electrochemistry

Hard X-rays (25-85 keV) from synchrotron 
radiation sources are highly suitable for study-
ing materials and processes on the atomic 
scale in environments where they are used 
commercially. 
Using the results of basic research on the sur- 
face properties of materials, the Division for 
Synchrotron Radiation Research has devel-
oped new methods based on interference  
and diffraction. These will help improve our 
understanding of modern materials that  
are already in use, or will be used in the  
future, in catalysis, electrochemistry and  
crystal growth. 

Researchers in synchrotron radiation 
Johan Gustafson och Edvin Lundgren



 
 

407Surface structure on the atomic scale

The 1986 Nobel Prize in Physics was awarded 
to the inventors of scanning tunnelling micro-
scopy. With this technique it is possible to see 
how individual atoms are arranged on a sur-
face, for example nanowires. The surface area 
of a nanowire is important for its properties 
as nanowires consist almost only of a surface. 
Nanowires are typically a few micrometres long 
and a few tens of nanometres thick, and are 
useful in electronics, solar cells and LEDs. 
Researchers at Lund University under the 
leadership of Lars Johansson were the first in 
Sweden to use this kind of microscopy, and a 
great deal of research concerning nanowires is 
performed at the Department of Physics. 

Anders Mikkelsen 
Synchrotron radiation researcher.
From nanowires (a) to single atoms (d).
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Research in Time and Space

Two of the division’s experimental areas, 
spectroscopy and microscopy, developed in 
parallel, and both have proven to be a good 
basis for collaboration with other research 
groups in the department: The Attoscience 
Group at the Division of Atomic Physics,  
and the Nanometer Consortium at the  
Division of Solid State Physics. 
Rapid events are initiated in atomic wave 
functions, molecules and on the surface 
of materials by excitation with short laser 
pulses, and the processes are studied using 
spectroscopy. 
Mathieu Gisselbrecht’s much-noted time-
resolved measurements on xenon show that 
electrons are emitted at intervals of a few 
hundred attoseconds during double ioniza-
tion.

Synchrotron radiation researcher  
Mathieu Gisselbrecht.
 
Two-electron wave function created in xenon 
atoms by short laser pulses i the attosecond lab.
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Combustion physics
How a Master’s project in combustion 
diagnostics led to a new division at the 
Department of Physics and together 
with other divisions at LTH formed 
the Thulin Laboratory.
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The nature of fire

According to the ancient Greek philosophers, fire was 
one of the four elements that, together with earth, wa-
ter and air, made up the universe. The notion of fire as 
a basic element persisted, and during the 18th century 
was known as phlogiston. 
The French chemist Antoine Lavoisier and his wife 
and collaborator Marie Anne Pierrette Paulze car-
ried out accurate experiments in which they measured 
the total weight of fuel and air, and found it to be the 
same as the total weight of the ash and gases formed 
by combustion. They therefore came to the conclusion 
that combustion was a chemical reaction, and the no-
tion of phlogiston was disproved.

The four elements proposed by the ancient Greeks, some of which 
remain to be characterized in detail. What is the composition of the 
interior of our planet? Why does the earth have an atmosphere?  
When was water formed on earth? Why does combustion take place? 
What exactly is fire? We only have partial answers to these questions.



 
 

411Combustion

Fuel + oxygen → carbon dioxide + water + energy
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The global energy supply

Today, over 80% of global energy is supplied by 
combustion. Combustion affects most aspects of  
our daily life, for example, heating, transport (by 
road, rail and air) and the incineration of waste. 
The aim of combustion research is to optimize the 
combustion process so as to minimize the amount 
of fuel required and the release of CO2 and other 
by-products.

Development of the total global energy production since 1971.



 
 

413Combustion research

Combustion takes place at high temperatures and 
pressures, and it is thus important to understand  
the interaction between chemistry and turbulent 
flow, and how pressure affects the process. The ques-
tions that need to be answered are: What should 
we measure and simulate? How can we make such 
measurements? How can we simulate the process? 
Combustion research at Lund is based on a Mas-
ter’s project carried out by Marcus Aldén, a former 
student at Chalmers University of Technology, un- 
der the supervision of Sune Svanberg and Thure 
Högberg (Volvo). Aldén performed non-intrusive 
measurements using lasers to study various combus-
tion processes. 

A figure from Aldén’s Master’s project, which was the first step  
towards combustion physics in Lund, showing a coherent anti- 
Stokes Raman spectroscopy (CARS) spectrum of benzene, 
recorded at 1.30 a.m. on 23rd December 1977. This turned out 
to be an important part of his study.
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Rapid expansion

The combustion group expanded its activities into new 
areas, and the Division for Combustion Physics was 
founded in 1991. A professorship in laser-based com-
bustion diagnostics was awarded to Marcus Aldén the 
same year.
Combustion research in Lund is characterized by colla-
boration between several disciplines. For example, the 
Lund University Combustion Centre was formed, and 
has had the status of a European Large Scale Facility 
(LSF). 



 
 

415The Enoch Thulin Laboratory

Combustion research at Lund expanded rapidly 
from the very beginning. Heavy equipment, includ-
ing a new high-pressure combustion test rig, the 
only one of its kind, required a lab of its own. 
The Enoch Thulin Laboratory was built at the De- 
partment of Physics and was inaugurated in 2001. 
This allowed most of the more fundamental com-
bustion research in Lund to be collected under 
one roof, enabling closer and deeper collaboration 
between different departments. 
The laboratory is named after Enoch Thulin  
(1881-1919), a pioneer aviator who obtained  
his PhD at Lund University.
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Why laser diagnostics?



 
 

417Laser-induced fluorescence – LIF

Laser radiation has many properties that make it 
suitable for studying combustion without interfering 
with the process. 
In laser-induced fluorescence (LIF), the wavelength 
of the laser light is chosen such that it matches the 
difference in energy between two levels in the mol-
ecule being studied.

Illustration of LIF and its decay mechanisms. 
A photon from the laser (shown in green) 
is absorbed by the molecule causing it to 
become excited. The molecule then emits 
photons (shown in red), often with a wave-
length longer than that of the laser light.  
The molecule thus returns to a lower ener-
gy level and the energy emitted is seen as 
fluorescence.

Spatially resolved fluorescence of OH in a flame and the distribution 
of OH radicals. 
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Laser-induced incandescence

Laser-induced incandescence (LII) is used to study 
soot particles. Soot consists mostly of carbon, and  
is formed as a result of incomplete combustion.  
This means that the uncombusted hydrocarbons  
in the hot gases combine to form ring-shaped  
carbon compounds. These then combine to form 
larger solid particles, i.e. soot. 
LII is used to detect the light emitted by soot par-
ticles when they are heated to a temperature of 
about 3500 °C by laser light. The signal provides  
a measure of the soot concentration in the region 
being studied, but can also provide information  
on particle size. 

Illustration of the measurement of soot concentration  
(volume fraction) in a laboratory flame.

Detector
Flame

Laser system

LII signal



 
 

419Other laser techniques

New laser techniques have been developed at the 
Division of Combustion Physics, examples of which 
are CARS, in which the gas temperature can be 
measured accurately, and polarization spectroscopy, 
with which extremely small amounts of a compound 
can be detected in a flame. 
Rayleigh scattering is used to measure temperature, 
structured laser illumination planar imaging (SLIPI) 
to study sprays and dense clouds of droplets, ther-
mographic phosphors for measuring the surface 
temperature, and particle image velocimetry (PIV) 
for measuring flows and velocities in gas flows. 

Images of sprays used, for example, in diesel engines, taken  
with conventional laser photography (a) and with SLIPI (b),  
which removes unwanted signals, such as the dark area sur-
rounding the droplets in the left-hand figure. 
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Turbulence

High-speed diagnostics is used to study the de-
velopment of turbulent structures. As turbulence 
is a three-dimensional phenomenon, 3D measure-
ments with high temporal resolution are needed  
to understand turbulent flames. 
A 3D system consists of four Nd:YAG lasers and 
a high-speed camera. Each laser generates two la- 
ser pulses within a short time interval, and a total 
of eight laser pulses are therefore emitted in each 
pulse train. Using four separate lasers allows dif-
ferent combustion products to be measured simul-
taneously.

This figure shows LIF measurements of OH (warm product),  
CH (flame edge), CH2O (cool zone) and traces of uncombusted 
fuel (cold zone) in a turbulent jet flame. Each image contains 
two products. Left: OH (red) and CH (green), Middle: CH2O (red)  
and CH (green), Right: CH2O (red) and fuel (green).



 
 

421Chemical kinetics
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The high-pressure combustion test rig

The high-pressure combustion test rig at the Division 
of Combustion Physics gives scientists in Lund the 
possibility to study combustion at high pressures and 
flows that are similar to those found in gas turbines 
and aircraft engines. The combination of this test rig 
and advanced optical/laser-based techniques is unique, 
and benefits both industry and society as a whole. 
The measurements made with this equipment provide 
insight into the complicated processes taking place in 
different kinds of combustion.

Time series of images of fuel (fuel LIF) from one of the many runs  
performed using the high-pressure combustion test rig.

The high-pressure  
combustion test rig.

Photograph of a pilot flame in  
one of the burners tested in the 
high-pressure combustion rig.



 
 

423The need for more research
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Combustion physics today – from ecology …

Although much of the research in combustion phys-
ics is centred around combustion, the division is 
also working in a number of other areas where basic 
knowledge in laser diagnostics, physics and chemistry 
is important. 
A number of methods have been applied for several 
years to non-reactive gas flows, including the detec-
tion of hydrogen peroxide in the sterilization process 
at Tetra Pak, and optical remote sensing (Lidar) in 
atmospheric and ecological applications.

LUMBO – the Lund University Mobile Biosphere Observatory –  
is used to study the fauna in the atmosphere, and is one of the  
new areas of research at the Division of Combustion Physics.



 
 

425… catalysis and plasmas

The considerable efforts made in laser diagnostics 
in combustion have made it possible to branch out 
into completely new areas. 
Examples of these are plasmas, gasification, cata-
lysis and nanometer technology. Within catalysis, 
for example, the gas around an active catalyst can 
be studied in real time, providing information not 
previously obtainable. 
In plasmas, molecules can be created in special 
states and their chemical properties can be studied 
using laser and optical diagnostics.

(a)  
Photograph of a sliding discharge plasma. Like our own eyes, a 
normal camera cannot discern the discharge as it moves rapidly  
in the air flow. 

(b)  
Using two high-speed cameras and mathematical image analysis 
it is possible to obtain images of the discharge at any instant, 
providing three-dimensional velocity information. The gas flow in 
this case was tagged with particles to enable the velocity of the 
surrounding gas to be measured (P1-P7).
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Foreign submarine
A serious political conflict between 
Sweden and the Soviet Union,  
in which a Lund physicist played  
an active role.



 
 

427Foreign submarine in Swedish archipelago

On the evening of 28 October 1981 the front 
pages of the newspapers were filled with a 
surprising piece of news. A Soviet submarine 
on a secret mission had run aground on a rock 
in Blekinge archipelago. It was well inside  
a restricted military area and not far from 
Karlskrona naval base.
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Heightened state of alert

Swedish military units from the navy and coastal 
rangers, among others, were assembled in the area 
over the following days.
A large area was cordoned off. Helicopters and 
fighter aircraft patrolled the airspace and Swedish 
submarines were stationed underwater along the 
limit of territorial waters.
The naval ship Thule was stationed as a barrier in  
the strait out towards open water. 



 
 

429In all probability armed

In an extra edition of the television news pro-
gramme Aktuellt, a week after the grounding, 
Prime Minister Torbjörn Fälldin revealed that 
the submarine:

”… in all probability …” 

was armed with nuclear weapons.
Political activity in Sweden and internationally 
was great. This was world news! 

Dagens Nyheter, 6 November 
1981. The day after the Prime 
Minister’s revelation that there 
were nuclear weapons on board 
the submarine U137.
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On a secret mission

In order to investigate whether the submarine was armed with 
nuclear weapons, measurements of the ionising radiation needed 
to be carried out. Reader Ragnar Hellborg from the Department 
of Physics in Lund was one of those who performed the measure-
ments on behalf of the Swedish Defence Research Agency:

It was around dinnertime on All Hallows’ Eve when the phone rang. 
I was with a doctoral student in the control room of our accelerator. 
We were planning to carry out accelerator experiments over the three 
days and nights of the weekend.
At the other end of the line was a colleague from the Swedish Defence  
Research Agency. His brief question was: 
- We need help to measure neutrons, do you have access to a suitable monitor?
My answer was also brief: 
- I’ll fix a neutron monitor and go home, pack a small bag and await  
further instructions by telephone.
Once home with the monitor packed in a bag, the police rang:  
- We have orders to fetch you and drive you to the county boundary,  
where the Kristianstad force will take over. 
The national police commissioner, who had been given the task of arranging 
transport by the Supreme Commander of the Swedish Armed Forces, was 
cunning and divided the journey between four police cars. No individual 
police officer would easily be able to work out the purpose of my journey.



 
 

431Gamma radiation

The first, simple measurements were taken with 
handheld gamma and neutron instruments during  
the night of All Hallows’ Eve, Friday 30 October.
The measurements indicated gamma radiation from  
a point a metre or so behind one of the torpedo 
openings at the bow of the submarine.
The conclusion from these first measurements was 
that there was a gamma source within a metre or 
a few metres of the detector in the direction of the 
submarine. 
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Gamma detector

In order to determine what type(s) of atomic nuclei 
were emitting the gamma radiation, much more  
advanced equipment was needed. This equipment 
was fetched during the Saturday night from the 
Department of Physics in Lund and the Defence 
Research Agency in Stockholm. Among other 
things, two containers with a total of 50 litres of 
liquid nitrogen (temperature -196°C) were trans-
ported from Lund to be used to cool the very 
advanced gamma detector. 



 
 

433Mysterious measurements

On Sunday evening the measurement equipment was 
loaded onto the coastguard vessel Tv103. The equip-
ment was placed below deck, so as not to be visible 
from above. 
The crew on the submarine were under no circumstanc-
es to find out that radiation measurements were being 
taken. The crew of the coastguard vessel were also kept 
in the dark. They believed that their ship was being 
used for radio interception. The equipment was set up 
and trimmed.

Explanatory sketch of the positioning of the detector 
as close to the submarine as possible. The long 
horizontal tube pointing towards the submarine  
contains the sensitive gamma detector.
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Below deck

Ragnar Hellborg recounts:
”The coastguard vessel was in position alongside U137 
at around 22:00 on Sunday evening. Then the trim-
ming of the measurement equipment and energy 
calibration of the detector began. This was carried out 
with the help of radioactive preparations that I had 
taken with me from Lund. A major problem was 
finding a good electrical earth. The electricity sockets on 
the coastguard ship were 220 V AC, but they were not 
earthed.

Using odd bits and pieces like string, insulating tape, 
wire and extension cables, as well as various kinds 
of tools, I managed to get the electrics of the detector 
stable. If it wasn’t properly earthed, the measurements 
would have been useless. Everything was ready – the 
detector stood on a bunk with the sensitive part nudg-
ing the hull of the boat. The hull of U137 was less than 
half a metre (18 inches) away. I pressed the button to 
start collecting data, and checked my watch – it was  
2 a.m. on Monday morning.

The experiment equipment below deck on the 
coastguard vessel Tv103, photographed by 
Ragnar Hellborg.



 
 

435Finally a result

After only 20–30 minutes, two clear signals could be 
observed with energy of 1001.0 keV and 766.6 keV. 
These signals unequivocally identified the radiation  
as being due to the presence of atomic nucleus 238U.
There was uranium on the submarine!
The measurements continued until the morning in 
order to gather reliable statistics. 

Appearance in principle of 
the measurement results.
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Like a Hiroshima bomb

Based on the measurements performed, Rag-
nar and his colleagues were able to calculate 
that the explosive force corresponded roughly 
to the bomb dropped on Hiroshima.
Many years later, after the break-up of the  
Soviet Union, Russian revelations confirmed 
that the Swedish measurements, calculations 
and estimations had been correct. 

Extract from the book Inifrån U137: Min egen berättelse which is based on a 
manuscript written by Lieutenant Captain of the submarien Vasilij Besedin.

Cutting from Dagens Nyheter 
of 11 November 1981, with the 
revelation of the amount of ura-
nium calculated to be on board.



 
 

437Revelations

Another revelation was made in an interview with 
the captain of the submarine Anatoly Gushchin 
shortly after the fall of the Soviet Union. 
Gushchin said that he had received orders from 
Moscow to blow up the submarine if the Swedish 
military attempted to storm it.

Cutting from Sydsvenskan, 23 January 1992. The article 
was published after a TV3 interview with the captian of  
the submarine.



 

 Foreign submarine 438

What happened next?

A fierce storm forced the measurements to stop on 
Monday morning. The storm was so fierce that the 
submarine had to be pulled off the rock so as not 
to break up against the cliffs. Soviet units were not 
permitted to pass into Swedish territorial waters and 
a Swedish tug therefore pulled the submarine off 
the rock. A few days later, when the interrogation of 
Anatoly Gushchin was complete, the submarine was 
handed over to Soviet forces, which were waiting just 
outside Swedish waters.
Why the Soviet submarine ended up in the archi-
pelago has never been resolved, but the discovery of 
uranium resulted in one of the sharpest protest notes 
that Sweden has ever issued. 
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The development  
of teaching
When were students first taught 
experimental techniques in the lab? 
When was it decided that a  
doctoral thesis had to be written 
independently by the student? 
When did a woman get a PhD in 
Physics in Lund for the first time?
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Standard measures



 
 

441Teaching professors

Nineteen professorships were established at the new 
university in Lund, two of which were in mathematics. 
Physics was included in the field of mathematics at 
that time. 
One of these professorships, which was more physi-
cally oriented, was awarded to Anders Spole, and the 
other, which was more applied, to Martin Nordeman. 
Both had been educated in Uppsala. 
Spole taught trigonometry, astronomy, navigation, 
geography, chronology and optics, while Nordeman 
taught mechanics (levers, winches, the screw and the 
wedge), thermodynamics and surveying.

Anders Spole (1630-1699)
Spole was an enthusiastic man Spole had a private obser-
vatory with a long telescope and a large quadrant built in 
St. Petri Kyrkogata. The observatory was burnt down in 
1676 during the Battle of Lund, and all his equipment was 
destroyed.
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Handwritten compendia

Teaching at the beginning of the 18th century 
consisted of lectures and demonstrations, and was 
characterized by the heated dispute on atomism 
between the followers of Aristotle and Descartes. 
The students compiled their own compendia, and 
textbooks were rare. It could take several years to 
complete a compendium. 
Mårten Triewald purchased a number of physical 
instruments in England and Holland (the Triewald 
Collection), which he demonstrated in Stockholm 
in 1728-29. Daniel Menlös managed to take over 
the collection, and used it to secure a professorship  
in mathematics in Lund, which he took up in 1732.

An instrument from the  
Triewald Collection, used  
for conducting experiments  
with electricity.

An example of an elegant compendium 
by N Schenmark, entitled Collegium 
Curiosum & Experimentale, from 1743, 
in which the author documents Daniel 
Menlös’ lectures.



 
 

443The first assistant

Professor Menlös was the first to  
teach Newtonian mechanics, and it 
was hoped that the Triewald Collec-
tion would afford Lund University  
the same status as the renowned  
universities of England and Holland. 
The collection required not only some- 
where to be kept, but care and main-
tenance, and the position of Custos 
Machinarum (the Custodian of the 
Machines) was established in 1735. 
With this, the Department of Physics 
had obtained its first assistant. 

New instruments were added to the collection, such as this electricity machine in 1754.
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The development of doctoral studies

Teaching and examinations remained unchanged 
during the 18th century. There was only one kind  
of degree, the kandidat (Bachelor’s) degree, after  
which students continued their studies pro gradu, 
to obtain a magister or Master’s degree. 
Dissertations or theses were seldom written by 
the student himself, but often consisted of mate-
rial already published, or written by the student’s 
supervisor. The most important thing was to 
show that you could present your arguments in 
public, in Latin. It was not until 1852 that doc-
toral students were required to write their theses 
themselves.
During the 18th century, there were about 200 
students studying at any one time at Lund  
University, several of whom were under 15  
years of age.

This drawing shows a doctoral examination (Examen Rigorosum) in Lund, 
which was held on 19 May 1791. The examiner was Pehr Tegman,  
Professor of Mathematics. (The drawing is kept at Kulturen in Lund.)



 
 

445Course compendia

A handwritten compendium in physics, based on 
the lectures of Pehr Tegman from 1794, has been 
preserved. It its margins are notes on experiments, 
written by Esaias Tegnér, a famous Swedish writer 
and poet. He came to Lund in 1799 and obtained 
his Master’s degree in May 1802. He had himself 
copied an older compendium. From this compendi-
um it can be seen that the course in physics included 
Newton’s laws of motion, the history and benefits of 
physics, the divisibility of bodies, momentum, death 
force and living force, Compressibilitas, Elasticitas, 
Fragilitas, Centrum gravitatis, Machina simplex and 
electricity among others.

Tegnér’s poetry bears witness to his education in physics.  
This poem was submitted to the Swedish Academy on the  
30 September 1801, just before his Bachelor’s examination:
Through life’s torments and consolations 
Go, study the hidden essence of every thing, 
Let the shores of the sea of time 
Bind the flight of the birds, map the course of the stars, 
Cleave the beam of light, weigh the air …

Esaias Tegnér 1782 -1846



 The development of teaching 446

The instrument collection grows

A professorship in physics was established in 1833, 
to which AW Ekelund was appointed. Physics 
thus became a subject of its own, independent  
of mathematics. Ekelund set about renewing the 
collection of instruments, and in 1840 he pur-
chased no less than 213 acoustic, electrostatic and 
optical instruments in Paris, including a Daguerre 
camera. This camera, a Guericke vacuum pump 
and Stiernhielm’s measuring cans are regarded  
as being among the most valued items owned by  
the Department.

The Daguerre camera purchased 
by AW Ekelund in Paris in 1840.



 
 

447Laboratory experiments

KAV Holmgren arrived in Lund in 1861. He 
had attended Uppsala University, and understood 
the importance of laboratory work in teaching. 
Students were already able to work in laboratories 
in Uppsala, and Holmgren made it possible for 
students who were especially interested in physics 
to have access to laboratory experiments in Lund. 
During his work in the laboratory in the old 
Department of Physics at the turn of the century, 
Enoch Thulin determined the specific heat of 
metals, the expansion coefficient of air, the linear 
expansion coefficient of metals and measured the 
angles between the planes in crystals. 

The textbook for the introductory course was Ganot’s well-known book,  
Traité elementaire de Physique. Students who had taken the course could be-
come physics teachers, and the course was also taken by medical students.
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Three pioneering women

Anna-Clara Romanus-Alfvén (1874 -1947)  
was one of the very first women to study at the  
Department of Physics, when she took the intro-
ductory course in physics in 1897. After obtaining  
a licentiate degree in medicine in Lund in 1906,  
she practiced as a doctor in Norrköping, among 
other places. In 1908, Anna-Clara became the 
mother of a future Nobel Laureate in Physics,  
Hannes Alfvén, and later the grandmother of a  
professor in accelerator physics, Mikael Eriksson.

Louise Petrén-Overton (1880 -1977) was one of 
the first women to conduct practical experiments at 
the Department, in 1900. In 1912 she became the 
first Swedish woman to obtain a doctoral degree in 
mathematics. At that time, there were 600 students 
at the university, 10 of which were women, and two 
of these were studying the natural sciences.
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In 1905, laboratory exercises were introduced in 
secondary schools, and this affected teaching at 
universities. It was also decided that all middle 
schools should have the same national curriculum. 
This led to a sharp increase in the number of stu-
dents applying to study to become physics teach-
ers. During a few years around 1910, the number 
of physics students rose from about 15 to over 60 
per year. As a result of this, Manne Siegbahn was 
able to collect a group of postgraduate students 
who were employed as supervisors for these stu-
dents, and research in physics flourished. 

Diagram of the variations in the number of students in physics  
for a Magister’s Degree 1900 -1954. Solid lines gives present  
annual changes.
The dashed curve gives the tendency of development.
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Public demonstrations in physics

Students were trained to carry out physical demon-
strations in public; one course being led from 1949 
to 1967 by Osvald Lundquist, the last of Manne 
Siegbahn’s postgraduate students. His experiments 
could be carried out in secondary schools using  
the equipment available in the schools, and are 
described in two compendia entitled Experimen- 
tal Physics. 
The equipment was to be easy to understand, and 
the student was to demonstrate a physical phenom-
enon, such as wave motion on the surface of a liquid, 
the heat generated by an electric current, the crystal 
diode and the transistor, and make measurements. 

A page from one of Osvald Lundquist’s  
popular compendia on experimental physics.
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Teaching in physics continued to develop. A bal-
cony was constructed in the Rydberg lecture hall at 
the Department of Physics to allow more advanced 
demonstrations. Teaching in the laboratories in-
cluded classic as well as modern experiments, e.g. 
the determination of the gravitational constant, 
and the ratio of Planck’s constant to the electronic 
charge, h/e, from the photoelectric effect. The lat-
ter was demonstrated by John Koch, aided by Nils 
Ryde and Lennart Minnhagen, who later became 
professors at the department. 
During the 1950s, more advanced courses in atomic 
spectroscopy, electronics and nuclear physics were 
introduced. These included week-long laboratory 
practicals, and became very popular.

Determination of the  
gravitational constant.

Determination of h/e from the photoelectric 
effect, according to Einstein’s theory. 
From Hans Ryde’s lab write-ups from 1952.
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Teacher training

During the 1960s, the one-year course in physics 
included not only classical subjects, but also atomic 
physics, nuclear physics and the theory of relativity. 
The number of physics students fell during the 
1970s, due partly to an earlier dip in the birth rate, 
and partly to the anti-nuclear power movement. 
It was thus decided that it was time to modernise 
teaching in physics and to offer courses covering  
a broader field. 
A new teacher education programme was intro-
duced with the motto, Start your teacher training 
with physics. The mid-1990s saw increased numbers 
of students, some from other countries, and lectures 
started to be given in English. 

Several lecturers at the Department of Physics wrote their own textbooks.
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The aim of undergraduate teaching within the 
Faculty of Engineering is to provide sound knowl-
edge in practical physics. The programme starts 
with mathematics, providing the basis for deeper 
knowledge in various applications. The first degree 
is completed with a project supervised by a lecturer 
from one of the research divisions of the department.  
One of the strengths of the education provided is 
the broad research carried out in engineering physics 
within the faculty, which provides students with  
opportunities to carry out projects of high quality. 

In his project from 2012, Filip Halvardsson presented a new tech-
nique for studying the growth of nanowires.
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Teaching at the Faculty of Science

The Experimental Seminars course at the Faculty of 
Science has attracted considerable attention, both 
in Sweden and other countries. Visiting lecturers 
from many different countries have been involved. 
Students can choose which experiment they want 
to perform, and the presentation of their results at 
a seminar provides good practice in communica-
tion skills. The course is carried out in close colla-
boration with research divisions within the faculty. 
The example given below is from the Division for 
Synchrotron Radiation Research.

Johan Knutsson, a PhD student and supervisor at the Division for 
Synchrotron Radiation Research, setting up an electron microscope.
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One of the greatest advantages of teaching phy-
sics in two different faculties in a single large 
department is that they have positive effects on 
each other. When teaching by the Science Facul-
ty was extended to include students destined for 
other professions than teaching in the increas-
ingly technological world, the courses taught by 
the two faculties came closer together. 

Areas within the  
Faculty of Science.

• Physics
• Meteorology
• Astrophysics
• Chemical physics
• Theoretical physics 
• Hospital  physicist (5 years)
• Specialist Teacher Training  

(4½-5 years)

Compulsory courses within the 
Faculty of Engineering.

• Quantum physical concepts
• Statistical thermodynamics  

and applications 
• Atomic and nuclear physics 

and applications 
• Solid state physics 
• Vector analysis
• Wave theory and optics
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External activities
How physicists from Lund  
made science understandable  
for everyone.
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There is a tradition at the Department of Physics  
in Lund of explaining physical principles to the  
general public. This was the case throughout the 
20th century, and is still the case today. This tradition 
is based on the Triewald collection of instruments 
that Daniel Menlös brought with him to Lund  
in 1726. 
One of the items of greatest value is the original 
pump used by Otto von Guericke to demonstrate 
the principle of vacuum to Frederick Wilhelm I  
of Brandenburg in 1683, with the aid of the  
Magdeburg hemispheres.
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Ask Lund

Educating the public took off in the 1960s when 
television made its breakthrough in Sweden.  
In 1962 a series of TV programmes called  
Ask Lund started, in which six learned profes-
sors from Lund University answered viewers’ 
questions. The programme proved very popular 
and spread knowledge on science and research 
throughout the country. 
One of the experts was Sten von Friesen from 
the Department of Physics. His ingenious and 
sophisticated explanations made good viewing. 
Many Swedes still fondly remember his explana-
tion of how the Romans managed to carry out 
long division with their unwieldy system  
of numbers.
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When the TV series Ask Lund was revived in the 
1990s, Bodil Jönsson was there to answer questions 
on physics. She had by then left the Department of 
Physics to be director of CERTEC, the Division for 
Rehabilitation Technology at LTH. 
Bodil soon became very popular with the public due 
to her astute and objective way of explaining physics, 
making it both understandable and interesting to the 
layman. 
One of her books, Ten Thoughts on Time, has been 
published in over 20 countries.
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Hans Uno Bengtsson

Hans Uno Bengtsson was a bit more dramatic in  
his approach, being rather a showman. His inter- 
ests were broad, from physics to food, and he was  
a much sought-after public speaker. He often tour-
ed the country giving lectures on various subjects. 
He was able to explain quantum mechanics or the 
Higgs particle by working out how many times one 
would have to kiss a girl for her lipstick to wear off, 
or by using the Adventures of Baron Munchausen. 
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The name Bengt E Y Svensson crops up often in con-
nection with popular science. He is able to explain 
physical phenomena and critically scrutinize scientific 
ventures. He often takes part in the Philosophical Circle 
and the Science and Technology Circle at Lund University, 
and writes articles in the local, scientific and national 
press. He has also taken part in many radio and televi-
sion programmes as well as reviewed a large number  
of books.

Bengt E Y Svensson, 
Professor Emeritus in Theoretical Physics, 
and former dean and pro-vice-chancellor.
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The importance of a good teacher

The importance of teaching in schools and adult 
education programmes cannot be overestimated. 
Many people bear witness to the fact that a particu-
larly knowledgeable or enthusiastic teacher changed 
their lives. It may have affected their choice of 
career or simply the way they think. Critical think-
ing is decisive in public debate, especially regarding 
the environment and risk management. Carl Erik 
Magnusson is one such teacher; his outlook on life 
and his empathy have inspired students and stimu-
lated public debate.
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Physicists are like the members of any other group 
in society; they are individuals with their own opi-
nions. In 1976, the debate on nuclear power in Swe-
den was in full swing. A protest march took place  
on 7th of August which passed along Sölvegatan, and 
the protesters saw the following message taped on  
to the windows on two floors of the Department  
of Physics: 
PHYSICISTS ARE FOR NUCLEAR POWER
The marchers halted, shaming the scientists with a 
chant of: Fy, Fy, Fysiker! 
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The Grande Dame of the Department

Cecilia Jarlskog is an excellent representative of  
the Department of Physics, both nationally and  
internationally. She has been a member of the  
Nobel Committee for Physics and is a member  
of both the Swedish and Norwegian Academies  
of Science.
In the international arena, Cecilia served as an  
advisor to the Director General for CERN’s  
member states for several years. She is a member  
of Academia Europa as well as an honorary profes- 
sor at three Chinese universities. 
Cecilia Jarlskog is a highly respected speaker in  
great demand. She is also passionate about the  
importance of research. 

How will we be able to find tomorrow’s Einstein, 
the way things are today? I’m extremely worried 
about the situation of young scientists. They’re 
under so much pressure – they have to write loads 
of applications and go to countless meetings.  
Give them the opportunity to get on with their 
research undisturbed!

Cecilia Jarlskog, Professor Emeritus in Particle Physics.
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A project that was very successful in Skåne at the be-
ginning of the 1980s was Children Meeting Scientists, 
initiated by Barbro Forkman. The aim of the project  
was to provide children with the opportunity to meet 
and get to know scientists; to go to lectures, to ask  
questions, and have them answered by researchers.  
Finding out about experiments and investigations in 
progress at university departments and taking part  
in simple experiments was also part of the project.
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The scandal in the Hallandsås tunnel

In 1992, the Swedish State Railway (SJ) started the 
construction of a tunnel through the Hallandsås 
Ridge. It was planned to open in 1995 but many 
problems were encountered. The most serious was 
the contamination of the environment by a sealing 
compound containing acrylamide. Fish started dy-
ing and workers became ill. 
Thus a large number of school children from the 
area were brought to Lund by coach, and the prob-
lems were explained to them in an objective and 
understandable way. The children were able to ask 
experts, listen to a talk on the geology of the ridge, 
and carry out experiments.
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The ability of the teacher is a decisive factor in the class-
room. The National Resource Centre for Physics provides 
school teachers with better tools for their occupation. 
This resource centre for physics teachers was started in 
Lund in 1995, as a result of the success of the program-
me Children Meeting Scientists. 
The director of the centre was Gunnar Ohlén, who ar-
ranged a number of courses for teachers and established  
a web-based forum where children can ask questions 
related to physics. He was succeeded in 2009 by Ann-
Marie Pendrill, professor in theoretical atomic physics.  
In 2014, she was appointed professor in scientific com-
munication and physics teaching.

Physics in action on the big dipper. 
Amongst many other things, Ann-Marie Pendrill developed play-
grounds and amusements parks at science centres.
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The science and technology circle

The Science and Technology Circle has existed 
at Lund University since 1995, and regular lec-
tures, open to all, are arranged in a variety of 
topics. Since then, Popular science lectures have 
been arranged with varying regularity in Lund, 
Växjö and Halmstad. Theoretical physicists from 
Lund, Gösta Gustafson, Hans Uno Bengtsson,  
Gunnar Ohlén and Bengt E Y Svensson have 
been regular speakers at the Circle.

Spring programme for 2009.
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The Discovery Club and the Research Club are  
intended for 6- to 7-year-olds and 9- to 10-year-
olds, respectively. The aim of both is to show that 
physics can be both interesting and exciting.  
The groups meet 10 times per term and are led  
by students from the department. These activities  
were initiated in 1997 by Per Olof Zetterberg,  
assisted by Johan Zetterberg and Benny Asp.

The discovery club and the research club
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The physics and laser show



 
471The show has been a success!
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The city of Lund has arranged an annual event called 
Culture Night since 1985. One of the events on this 
evening in September is the physics and laser show, 
which attracts large crowds to the department. 
In order to provide other interesting activities, an 
Open Air Science Centre was created beside the 
department in 2005. During recent years, other  
departments have been invited to take part, and  
the number of visitors has exceeded 9000 on this 
one night.

Professors dressed as famous scientists:  
Albert Einstein (Leif Lönnblad, Theoretical Physics), and 
Tycho Brahe (Ingemar Lundström, Astronomy)  
together with Charles Darwin (Ronald Kröger)  
and Carl von Linné (Eric Warrant) both professors  
in funktionall zoologi.

Science meets culture
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The historical narratives in the first part of this book were in-
tended to tell a story. It is by no means the complete history of 
the development of physics in Lund, but rather a patchwork of 
stories with which we hope to bring its history to life.
History only comes to life when we see the people involved in 
making it. We have, therefore, concentrated on certain individu-
als, not only to describe their unique contributions, but also to 
show that a single person can make a difference.
During the course of this work, the obvious has become clear, 
that history does not stand still, that it evolves and is augmented 
by events from the present. History is changed by the discovery 
of new facts and narratives – the tale is never really complete.
In relating this story, the need to document the present became 
clear to us. This prompted a Department of Physics Archive 
to be set up within the library, which contains documents and 
images that reflect aspects of the development of research, over 
and above the purely scientific ones.
Apart from providing a reminder of what has been, we hope 
that this book will increase the reader’s understanding of the 
present; if we know how it all started, and what happened, then 
it is easier to understand why we are where we are today.

Kristina Holmin Verdozzi, faculty librarian and head of the Physics & 
Astronomy Library, is production manager of the physics department 
history project and one of the editors of this book.

Past – present – future
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This is not a textbook, but describing the history of physics in 
Lund in a broader perspective sheds light on its role in the in-
ternational arena. We have therefore combined developments 
in Lund with international discoveries and the explanation of 
physical phenomena.
Regardless of whether you are a physicist or not – regardless 
of your background – we hope that you will find something of 
interest to you in this book, and that you will learn something 
new that prompts you to look deeper into the fascinating world 
of physics.
The evident that deserves to be mentioned again is that it was 
not possible to include all the people and events that took place 
in forming the Department’s history in this book. There are of 
course gaps, inevitable in any narrative. As soon as we decide on 
a text and an image, we become aware of what has been left out. 
We leave it to our successors to fill these gaps with new and old 
stories.
The final three chapters of this book deal with the transitions 
between the past, the present and the future. First, there is a 
discussion on the factors that led to success, which should be 
applicable to other disciplines apart from physics. This is fol-
lowed by an interview with the current Head of Department 
on the present status of physics in Lund and prospects for the 
future. The final chapter describes where we are now, and pro-
vides some insight into which doors physics may be able to open 
in the future.

Annika Nyberg, photographer and graphic designer, has been part of 
the production team of this book. Within the History Project framework 
she has together with Bengt Forkman and Kristina Holmin Verdozzi 
also produced the large screen presentation on display in the Physics 
Department entrance hall, a memory game and a monthly calendar.
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Discussions on  
the growth of  
physics in Lund
A discussion on the expansion  
of the Department of Physics and 
the secrets behind its success.
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The success of physics in Lund

In an assessment of research in 2008, Physics 
was identified as the jewel in the crown of Lund 
University. During recent decades, the Depart-
ment of Physics has expanded, resulting in a 
number of renowned research centres such as 
MAX-lab, the Lund Laser Centre, The Combus-
tion Centre and the Nanometer Consortium. 
What lies behind this development?
On a cold January day in 2014, The Historical 
Group at the Department of Physics and the 
Faculty of Science invited a number of people 
to participate in a discussion on the success of 
Physics in Lund, chaired by Professor Bengt 
Söderström. 
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High scientific quality is fundamental, but ... 

People are more important. Success is achieved 
through the determination of inspired people  
to realise their visions. Both visions and clear- 
sightedness are required for a particular area  
of research to be successful. 
Leadership is key in this respect.

Peter Honeth
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Having the courage to prioritize



 
 

479Seizing opportunities
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A harmonious environment



 
 

481Broad horizons
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Financing



 
 

483Collaborations
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Multiple financiers?



 
 

485Can one buy competence
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Balance and competition



 
 

487Factors affecting development
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The future of the Physics Department

Which areas of physics can we expect to expand or stagnate? 
How will this affect the Department of Physics financially and 
in future needs for premises?
– Research is being carried out at the Department in nearly 
all fields of modern physics. Many of these have considerable 
potential, and all of them are expected to expand in the future, 
although at different rates. Particle physics beyond the stand-
ard model is one example where enormous fields of research 
are opening up, as well as research in superheavy elements, new 
findings on the nucleus and research on dark matter.
– Aerosol physics and the formation of particles is one area we 
still know too little about, but which can lead to research in 
environmental physics, including the working environment, cli-
mate and health. This is an area in which we can help tackle 
the considerable challenges facing us. Environmental physics is 
not just a case of analysing clouds, but also the spectroscopic 
measurements that Sune Svanberg1 initiated. They are still im-
portant, and these methods are now being used in biology and 
other areas, and can also be expected to expand.
– Nanophysics, quantum information, laser technology, and ac-
celerator and detector technology are other research areas from 
a long list, although we can’t do everything. Graphene, for ex-

Knut Deppert is head of the Department of Physics.

ample, is an important area of research that we’re not involved 
in at the Department.
– During the past ten years, the Department has grown by 
about 35%, which has made our premises somewhat cramped, 
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although I don’t expect the same rate of expansion in the future. 
The financial situation is good, but we are constantly competing 
for external financing.
 
It is likely that many areas bordering on other sciences, apart 
from the fundamental research in physics like dark matter, 
also will develop. Will this create a need for reorganisation?
– Yes, partly administratively, and partly in the way we work. 
Our administration is a system, a matrix or a linear organisation, 
in which work is carried out in two faculties, the Department 
and several divisions. Then we have a number of research cen-
tres and consortia – NanoLund and the Lund Laser Centre, for 
example – which cross these boundaries. This has considerable 
advantages, providing we can handle it pragmatically. Problems 
and conflicts of interest can arise when interdisciplinary organi-
sations are involved.
 
The organisation of a department is very important for the 
working climate and the distribution of funds, amongst  
other things. Should we be actively involved in creating  
new projects, or should we help other subjects to make use  
of our knowledge?
– Both. We need detailed knowledge in all kinds of things, from 
technical instruments to theory, if we are to be able to under-
stand our fields. At the same time, we must make sure that the 
advanced basic research carried out at the Department can be 

put to use in everyday life. Working together with scientists 
from other subjects inspires our own research. Examples of this 
are the application of physical methods in geology and biology.
 
The Department is strongly connected to MAX IV;  
should we also develop research adapted to the ESS?
– Yes, we have strong ties with MAX IV as MAX started here at 
the Department. We’ll definitely have strong ties to the ESS in 
the future, probably not a whole division devoted to it, but per-
haps one for material physics. We’re already engaged in research 
in accelerator and detector development, and we plan to develop 
a field of research on magnetic materials that can be important 
for the ESS.
 
There appear to be differences between the relations between 
professors at the Department of Physics and those at other large 
department? We seem to work together, while they perhaps 
compete with each other. Why is that, do you think?
– That’s a very difficult question to answer. It’s important that 
the staff at a department want to work together. We have a rela-
tively conflict-free environment at the Department of Physics, 
which provides a good basis for young researchers to progress, 
and facilitates new contacts and collaboration. The Department 
is also fortunate in having many dedicated scientists with vi-
sions that have paved the way for success.



 The future of the Physics Department 490

– At some other departments they seem to change the names 
of divisions and affiliations rather often, which could cause con-
flict.
– At the Department of Physics we have continuity, and al-
though the name Combustion Physics, for example, only partly 
covers the research carried out at the Division, it seems that eve-
ryone has a clear identity and affiliation. The Division of Solid 
State Physics, for example, could be a Department on its own 
if you look at its size and budget, but they think it’s important 
to belong to Physics in Lund, and they think it´s important 
to belong to the Department of Physics. We also want close 
connections with theoreticians, and others working close by, for 
example biophysicists, medical physicists and other neighbour-
ing fields. There should be so many advantages associated with 
a department that you want to be part of it.
– Belonging to two different faculties, as we do, has both advan-
tages and disadvantages. We have to follow two different finan-
cial distribution models and, as Head of Department, I have to 
attend twice as many meetings, and I get twice as many e-mails, 
but we have greater flexibility and better control over our situ-
ation.
 
A few years ago, the umbrella organisation Physics in Lund was 
born, a common gateway for physics, astronomy, theoretical 
physics, medical radiation physics and parts of MAX IV.  
Was that a good idea? Why not a Physics Centre?

Knut Deppert

– When I became Head of Department there was a lot of dis-
cussion about combining all the physics-related fields into one 
unit. This didn’t materialise, but we agreed on ways in which we 
could work together, which still prevail today, and which work 
well. We have no obligations, only opportunities, and the heads 
of all the departments involved are better prepared before going 
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to the Management Council. So collaboration has developed, 
but Physics and Astronomy are still two separate departments. 
It might look strange from the outside, but we are able to coop-
erate without being restricted by organizational borders.
 
A question about freedom in research: How dangerous is 
commercialisation? Should we form spin-off companies?
– I don’t see any danger in commercialisation. I think it’s good 
that research can lead to new products and new employment 
opportunities. The danger lies in thinking along commercial 
lines – trying to run the University like a big company – that’s 
dangerous. Take quarterly reports, for example, which I think 
are stupid even in commercial enterprises. There can’t be any 
long-range planning in a company controlled by quarterly fi-
nancial reports.
 
Why isn’t the Department of Physics more visible in the pu-
blic arena? Is this related to commercialisation? Might some 
researchers be afraid to make public statements in case their 
financers don’t approve?
– I haven’t noticed this. We take part in debates on issues related 
to physics. We can’t be everywhere at once because we don’t 
have the time – we have to give priority to other things. We’re 
busy submitting applications and writing reports, and reading 
reports that others have published.

Is it possible to stimulate popular scientific activities?
– That’s an interesting question, but I don’t really have an an-
swer to it. Some real enthusiasts could probably do this, but 
they don’t have the time. We won’t be able to get around this 
problem unless we devote specific funding and resources to it. 
Still, many of us think this is important, and we do what we 
can. We’re involved in a number of activities such as Knowledge 
Week and High School Week and the Lund Culture Night. 
We give physics and laser shows, we’re represented in the Lund 
Science Center, give popular scientific talks in schools, and have 
good cooperation with high schools.
 
Let’s turn to teaching. Do we give our students the best edu-
cation we can?
– Well – there’s always room for improvement. However, we 
have to cut our coat according to our cloth – we can only do 
the best we can with the resources available. But there’s still po-
tential for improvement. One of our greatest challenges is that 
the students are not such a homogeneous group as they were 
20 years ago regarding their knowledge and expectations. This 
places higher demands on how we treat our students and how 
we educate them.
 
Is teaching at universities in crisis, as it is in schools?
– Not yet, but it will be. The reason for this is constant savings 
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in administrative resources, which means that we’re spending 
our time documenting instead of teaching. Like doctors, they’re 
spending more and more time on patient records and less on 
their patients. We have to be prepared for this crisis now, and as 
I see it, we must be able to provide teaching at a more advanced 
level. For example, we could do this by drastically reducing the 
intake of students to only a tenth of the numbers we admit to-
day or, as Torsten Åkesson  has suggested, leave the teaching at 
Bachelor’s level to smaller universities, and focus on teaching at 
Master’s level. 
 
Not everyone would agree with you. Many believe that students 
should be introduced to research as soon as possible, as this 
stimulates those who are interested, but this isn’t possible at 
smaller universities. How do we balance quality and quantity?
– I agree that it’s stimulating for young students to come into 
contact with spearhead research. That’s why there are already 
many opportunities for our students to do this early on in their 
education.
 
How can we increase respect for teaching? For example,  
by grants to research students who are interested in teaching? 
How can we stimulate researchers to teach – grants? diplomas?
– If you look at the distribution of funding, it appears that teach-
ing has lower priority than research, but we have many commit-

Håkan Ivansson is Technician at the Course Laboratory. He prepares 
the experimental exercises used in teaching, carries out repairs and 
other requests from the divisions at the Physics Department.
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ted researchers at the Department who believe that teaching is 
an important part of their work. Our policy is that there should 
be a close connection between research and teaching, and when 
appointing new researchers they must also demonstrate peda-
gogic skills and the desire to become involved in teaching.
 
Does teaching work differently here in Lund compared with 
other universities? We became aware of this when working 
on the book on MAX Lab. Ingolf Lindau  discovered, for 
example, that only a small minority of academic staff teach in 
Lund, while everyone was involved in teaching at Stanford.
– Yes, things work differently here. I’ve heard that at Gothen-
burg and Uppsala researchers have to teach if they don’t get 
funding for their projects, but we don’t do that. We try to find a 
good balance between the limited funds available and our am-
bitions regarding teaching. We try to make sure that the best 
lecturers teach, and that students get the best teachers in their 
first year of studies.
 
Have we ever tried to employ someone who is first and  
foremost a really good teacher, or have we always recruited 
teachers from among our own staff?
– I don’t know what happened previously, but in recent years we 
have usually chosen someone from among our leading research-
ers and demanded that they also should teach well.

A personal question – where do you come from?
– I grew up in East Germany, the DDR, and studied and got my 
PhD in Berlin. During my period as a postdoc, we collaborated 
with Lars Samuleson4. After the fall of the Berlin Wall he of-
fered me a one-year position in Lund as a visiting researcher 
– and I’m still here!
 
How was German administration? I’ve heard that East and 
West Germany were completely different.
– Oh, absolutely, the DDR and the West were quite different. 
Things have changed during just one generation – like China 
after the Cultural Revolution.
 
No one in Sweden likes to put their foot down – we discuss 
things ‘in absurdum’ in meetings and committees, is this  
your experience?
– Yes, that’s right, but there are advantages and disadvantages 
with this. When leading an organisation you have to strike a 
balance between dictatorship and anarchy. Sweden has found a 
middle path between these two extremes.
 
Is there any difference in the culture in physics between  
Germany and Sweden?
– I think Sweden has a more open culture than Germany. And 
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then Sweden has, in a somewhat fantastic way, proven to the 
world that you can nominate Nobel laureates.
 
Are things more hierarchical in Germany?
– Yes, absolutely, but it’s getting better. You can even come across 
professors in Germany who leave their doors open these days!
 
Walking around the Department of Physics you’ll see more 
men than women, why is that?
– We have a number of very capable female students, about 
30% of our students are women, at both undergraduate and 
postgraduate level. There’s a small but gradual increase in the 

number of female PhD students and staff. However, there’s a 
constant pressure to perform well here, which some people may 
find daunting. You could also ask why there are hardly any men 
among the administrative staff, or hardly any women among the 
technical staff. Among the teaching staff, about 20% are women. 
Equality is not just about numbers, it’s also about enjoying your 
job. This means that we must not project our own opinions and 
expectations on our colleagues, but regard them as independ-
ent individuals that perhaps don’t fit our own idea of what is 
normal. Regularly questioning our own conceptions of what is 
normal can be enlightening! There is no law of nature that says 
that women are better at making coffee or men are better at 
changing fuses. Equality is about attitudes and awareness.

Kerstin Nilsson works as a teaching 
administrator including management  
of courses and education issues at  
the Course Laboratory.

Marianne Madsen is Librarian and 
carries out information requests from 
students and researchers.
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What are your views on functions that support teaching  
and research, such as the library and administrative services? 
Are these strategically important resources? 
– Of course we need support services like the administration 
and the library. Those employed in these services, including 
communicators, seem to always have to defend their existence. 
No one thinks about the library until something goes wrong, in 
the same way that people complain if the corridors are dirty, but 
no one says anything when they’re clean.
– The IT revolution has not only changed libraries as we know 
them – today digital services via IT-based systems are impor-
tant in many areas. However, digitalization places demands on 
the competence of staff – they have to be able to work with 
these systems and provide good support.
– Here at the Department of Physics, we have a small, but ef-
ficient, group of competent and loyal administrators offering 
support. I think physical proximity to our core activities is im-
portant in this respect.
 
How can we show that MAX started here?  
Libraries are necessary to document and present our history. 
German institutions are usually very good at doing this.
– Naturally, we should be proud of our history and make it 
known. This book is a good example.
 

Karin Larsson has worked as a cleaner at the Department of Physics 
since 1997 and together with her colleagues, she takes care of the in 
total 20000 square meters.
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Do you think the Department of Physics should move up to 
the Science Village to be close to MAX IV and the ESS?
– The future promises to be exciting for physics in Lund thanks 
to the construction of two large research facilities just outside 
the city. MAX IV was inaugurated in June 2016, and with it the 
start of research using the world’s strongest light source. The 
ESS, a next-generation neutron research facility, is being built 
nearby, in an area called Science Village Scandinavia. This has 

Stefan Schmiedel is the janitor of the Physics 
Department. Each working day he takes over  
10 000 steps delivering the daily mail to em-
ployees at the department.

Annika Nilsson is Librarian at the Department of Physics including 
teaching information retrieval to physics students. She is also the 
Physics Department communication officer.
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1. Professor in Atom Physics.
2. Professor in Particle Physics.
3. Professor in Synchrotron Radiation Physics.
4. Professor in Solid State Physics. 

led to plans by the University to establish a campus at Brunn-
shög in the same area, where research and teaching can be car-
ried out in close association with these facilities.
– The University should have a complex at Brunnshög, not a 
single establishment, but a campus. There’s room for both the 
Natural Science and Engineering Faculties, but that doesn’t 
mean they should move there entirely. One building could 
house interdisciplinary projects, with a library and an exhibi-
tion area, as well as facilities for teaching, research and popular 
scientific activities. It might also be a good idea to move part of 
the Lund University Hospital to Brunnshög, after all, there will 
be a fantastic X-ray facility!
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When I started my studies in physics, almost 40 years ago, I 
found the subject fascinating, although not as exciting as I do 
today. This may seem strange as instruments and methods have 
improved, theories have been refined, and many discoveries 
have been made over the past 40 years. Our understanding of 
the laws of nature has definitely increased, but new questions 
have also come up. Nature is, more than ever, both a difficult 
and a beautiful puzzle. 
Physics is the science of nature at a fundamental level. It extends 
from particle physics, in which the smallest building blocks of 
matter are studied, to astrophysics, the study of the universe. 
Physicists are not only engaged in studying nature, but in the 
development of tools that lead to new science, solve societal 
challenges or provide a better daily life. The intention in this 
short summary is not to review the whole of physics, but to 
highlight some interesting aspects of modern physics.

 
Exoplaneter
Planets that orbit a star outside our solar system, were discov-
ered in the 1990s, and have already become part of nature as we 
understand it. Over 3000 exoplanets have been discovered so 
far, and the number is increasing every year, with the develop-
ment of observation techniques. Several techniques can be used 
to detect planets. The method used to detect the first exoplanets 
is based on measuring the variation in the radial velocity of a 
star caused by the Doppler shift of spectral lines. (figure below). 
Today, most observations are made with the help of satellites, 
using the so-called transit method, in which the periodical vari-
ation in the luminosity of a star, due to the passage of the planet 
in front of it, is measured. A surprising discovery is that there 
are large, heavy planets with very short periods of revolution, 
and thus high temperatures, in contrast to our own solar system.  

Anne L’Huillier

Observation of planets using the Doppler technique.
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Planets have also been discovered in the so-called ‘habitable’ 
zone, where liquid water may be present, suggesting the pos-
sibility of life.

Black holes and gravitational waves 
Black holes are massive, dense objects, whose gravitational field 
is so large that no radiation can escape from them. It is there-
fore impossible to see black holes directly, but the effects they 
have on their surroundings can be observed. Black holes can 
have masses ranging from several tens of solar masses to mil-
lions or even billions of solar masses. These gigantic black holes 
are expected to be found at the centre of galaxies. The enormous 
black hole at the centre of our own galaxy, in the Milky Way, has 
been predicted by studying the orbits of the stars closest to the 
centre of the galaxy, which are affected by the presence of this 
huge mass. New evidence for the existence of black holes came 
recently, in September 2015, with the detection of gravitational 
 

waves. The detector used for this is an impressive optical instru-
ment called LIGO (the Laser Interferometer Gravitational-
wave Observatory). LIGO consists of two large, very accurate, 
Michelson interferometers, separated by a distance of 3000 km; 
one in Livingston, Louisiana, and the other in Hanford, Wash-
ington, USA. The variation in space-time caused by gravitation-
al waves leads to a difference in the lengths of the arms of the 
interferometers, which can be measured with almost incredible 
accuracy. The gravitational signal, which lasted only a fraction 
of a second, is thought to be a consequence of the fusion of two 
black holes thousands of millions of light years away.

Cosmology
The study of the history of the universe has developed tremen-
dously during recent decennia thanks to accurate measurements 
of the cosmic background radiation in the microwave range (us-
ing, for example, the Planck satellite, measurements of the expan-
sion of the universe (by studying supernovae, i.e. large exploding 
stars), and mapping of the distribution of galaxies in space. The 
history of the universe is described by a cosmological model that 
starts with the Big Bang, when the universe was very small, dense 
and hot. The model includes 68% dark energy which causes the 
expansion of the universe to accelerate, 27% dark matter, and less 
than 5% normal matter. Several kinds of observations have provid-
ed and less than 5% normal matter. Several kinds of observations 
have provided evidence for the existence of dark matter, but we do The detection of a gravitational wave.
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not yet know what it is. One hypothesis is that it consists of heavy, 
weakly interacting particles, which scientists are now searching 
for in several experiments, both here on earth and in space.

Particle physics
Within particle physics, the laws of nature and the basic building 
blocks of matter are studied. Experiments require high-energy 
collision processes to reach the resolution of the smallest suba-
tomic particles. Large accelerators are therefore needed, such as 
the LHC (Large Hadron Collider) at CERN in Geneva, and 
experiments are performed by large research groups, sometimes 
consisting of several thousand scientists. The laws of nature and 
elementary particles are currently described theoretically using 
the Standard Model, which has been experimentally verified to 
high accuracy.
These basic building blocks and particles are called elementary 
particles, and include material particles such as quarks and lep-
tons (examples of which are electrons and neutrinos), and parti-

cles that mediate the four fundamental forces in nature. Each of 
the material particles has a corresponding antiparticle. Hadrons, 
for example, neutrons and protons, are made up of quarks, while 
antiprotons, for example, are made up of antiquarks.
Three kinds of force-mediating elementary particles have been 
observed: Gluons (the strong force), photons (the electromag-
netic force), and W and Z bosons (the weak force). The particle 
mediating the gravitational force, the graviton, has not yet been 
experimentally observed.
In 2012 the Higgs particle was detected in two experiments, 
ATLAS and CMS, at the LHC. This was a major triumph for 
particle physics as the BEH (Brout–Englert–Higgs) mecha-
nism and the Higgs particle had been predicted almost half a 
century earlier to give mass to elementary particles, and could 
now be confirmed.

The Standard Model.

Cosmic  
background radiation  
observed with the Planck satellite.
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The most common elementary particles in the universe after 
photons are neutrinos. They are created by the weak force, for 
example, in stars, and interact extremely seldom with matter. For 
example, they can pass through the earth without being stopped. 
It was long thought that neutrinos had no mass. By measuring 
the neutrino flux in large detectors deep underground, scien-
tists have been able to show that neutrinos can change character 
during their passage through the earth, for example, from muon 
to tau neutrinos. These so-called ‘neutrino oscillations’ mean 
that neutrinos have a mass. So far, we have only been able to 
determine the upper limit on this mass, but we know that the 
lower limit is not zero.
Particle physicists are now excited about new discoveries that will 
take us beyond the Standard Model. There are many competing 
theories, but experimental guidance is needed to show which 
one best reflects nature. We have to know what lies beyond the 
Standard Model to be able to explain, for example, what dark 
matter consists of, and why the universe consists mostly of mat-
ter, and not equal amounts of matter and antimatter. 

New elements
One area of modern research in nuclear physics is concerned 
with creating and studying extreme nuclei, for example, those 
with a high ratio of neutrons to protons, or those that are non-
spherical, for example, pear-shaped. Another interesting ques-
tion is how many protons and neutrons a nucleus can have with-

out spontaneously decaying. Very heavy, short-lived nuclei can 
be made through fusion, which can lead to the discovery of new 
elements. Recently discovered elements have been given the 
names nihonium (Nh, with atomic number Z=113), moscovium 
(Mc, Z=115), tennessine (Ts, Z= 117) and oganesson (Og, Z=118). 
These elements complete the seventh row of the periodic table, 
and the hunt for elements in the next row can start.

Cold atoms and condensates
Atoms and their interactions with, for example, light, are stud-
ied in atomic physics. So-called cold atoms are often used in 
experiments. These are achieved by cooling them to tempera-
tures of micro- or even nanokelvin using various techniques 
often laser-based. In 1995, scientists were successful in cool-
ing a gas of alkali atoms so that a Bose-Einstein condensate 
was formed. The figure on the right shows the condensation 
of rubidium atoms. These atoms are bosons, and if they have a 
sufficiently low energy and are sufficiently close together their 
wavefunctions will overlap, and the atoms will be in the same 
quantum mechanical ground state. Condensates have many 
interesting properties that can be used in various applications. 
The atoms in a condensate move coherently (i.e., together), 
just like photons in a laser beam. It is considerably more dif-
ficult to cool fermions to extremely low temperatures, and thus 
form a condensate, as fermions cannot be in the same state 
(according to the Pauli principle). Despite these difficulties,  
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scientists have recently been able to condense fermions by form-
ing bosonic molecules consisting of two fermionic atoms.

Quantum technology
Our microcosmos is described by a theory developed almost a 
hundred years ago, quantum mechanics. Within quantum me-
chanics, matter behaves in a strange way: for example, a particle 
is not only a particle, it can also be a wave; its exact position and 
velocity cannot be determined simultaneously; and a particle 
can be in a superposition of different states. Particles are seldom 
isolated, and interact strongly with their environment. An en-
semble of particles behaves differently from an isolated particle, 
and is often described using classical mechanics. The idea of an 

experiment using a single particle has long been an intellectual 
exercise. However, in recent years, methods have been developed 
for manipulating isolated ions in a trap, or a few photons in a 
cavity. These methods have many applications, from fundamen-
tal studies of the foundations of quantum mechanics, such as 
the transition from quantum mechanics to classical mechanics, 
to a new generation of atomic clocks using optical transitions in 
extremely stable, isolated ions.
Quantum mechanics also leads to intuitively bizarre predictions 
if one considers two (or more) particles in a so-called entangled 
state. When a measurement is made on one particle, it affects 
the properties measured in the other, even if they are a con-
siderable distance apart. Experiments carried out at the end of 
the 20th century showed that these strong correlations could 
not be explained by a description based on a very intuitive lo-
cal realism. Local realism assumes that an object exists, regard-
less of whether you are observing it or not (realism), and that 
it is only affected by its local environment (locality). Expressed 
more scientifically, the principle of local realism means that an 
object cannot be affected by another distant object at a speed 
faster than the speed of light, according to Einstein’s theory of 
relativity.
As a result of basic research on the non-locality of nature, new 
ideas were conceived and developed where quantum mechanical 
properties were used in various applications. For example, infor-
mation can be transmitted with complete security using quan- 

Formation of a Bose-Einstein condensate.
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tum cryptography, because if someone intercepts the message, 
both the sender and the receiver will be aware that the message 
has been intercepted. It is now possible to buy quantum cryp-
tography equipment. Another application, which is still a vision 
of the future, is the quantum computer, which uses quantum 
bits (a superposition of two states, often called 0 and 1) instead 
of normal bits (0 and 1) for calculations. This application makes 
use of the natural parallelism in quantum mechanics, allowing 
simultaneous calculations with the superpositions of 0 and 1, 
and not first with 0 and then with 1. Several suggestions have 
been made regarding the physical components of a quantum 
computer, from trapped ions, to cold atoms and superconduct-
ing Josephson transitions. These components are already being 
used as quantum simulators. 

Laser radiation
Our ability to control light has been improved considerably over 
recent decades. Lasers have revolutionized both science and eve- 

 
 
 
 
 
 
 
 
ryday life. Laser research is being pursued in several directions: 
to increase the power, both the average power and peak power 
(which today is in the petawatt (1015 Watt) range), to extend 
the wavelength range, from the X-ray region to the infrared; 
to shorten the pulse length (down to a few femtoseconds) and, 
finally, to improve the coherence (which means that the beam 
propagates at exactly the same frequency, amplitude and phase 
over a long period of time). Conventional lasers make use of the 
transition between two levels in an atomic or molecular system. 
Energy is pumped into the system so as to cause a population 
inversion between the two levels. Today, laser light (or laser-like 
light), can also be created using new physical processes. In para-
metric processes, energy is never stored in the medium, but is 
converted from one kind of light to another. An example of this 
is high-harmonic generation in a gas, which leads to very short 
light pulses in the extreme ultraviolet region, with pulse lengths 
of only a few tens of attoseconds (1 as = 10-18 s). A free-electron 
laser makes use of relativistic electrons from a linear accelerator. 

A free-electron laser.
Three Be ions.
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Radiation is produced by the oscil-
lation of pulses of electrons in an 
undulator, which consists of a row 
of magnets with alternating poles 
(as shown in the figure). The radia-
tion is coherently amplified as the 
pulses of electrons are modulated in 
a well-defined way by the light they 
generate. Free-electron lasers today 
can produce laser pulses with wave-
lengths in the X-ray region.

Matter
As in the case of lasers, our knowledge concerning matter and 
our ability to control it have increased dramatically in recent 
decades. Older textbooks describe matter as being solid, liquid 
or gas. Today, this is far too simple a picture. Examples of other 
phases of matter are magnetic phases, superconductors, super-
fluids, plasmas, gels, polymers, etc. Within condensed matter 
physics, solid materials are classified as ordered (i.e., crystal-
line) or disordered (i.e., amorphous, such as glass). Band struc-
ture theory is used to categorize crystals as metals, insulators 
or semiconductors. But even this is too simple. A new area of 
research within the physics of condensed matter is concerned 
with creating materials that are good bulk insulators, but which 
are electrically conducting on their surface. Smart semiconduc- 

 
tor structure designs have also opened up completely new re-
search fields in low-dimensional systems.
Materials research leads to numerous applications. Semicon-
ductors such as silicon (Si) and gallium arsenide (GaAs) form 
the basis of our increasingly powerful computers and mobile 
phones, and for fiberoptic communication, all of which have 
revolutionized our daily lives. Other applications include the 
development and production of materials suitable for efficient 
solar cells, which become increasingly more important for en-
ergy production, and materials for light emitting diodes, which 
can be used to produce light sources that are at least ten times 
more efficient than normal light bulbs.
Another successful development in solid state physics is nanote-

Carbon-based nanostructures.
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chnology. New techniques have made it possible to manipulate 
matter on the molecular scale, between 1 and 10 nanometres. Ex-
amples of nanomaterials with a single layer of atoms are carbon 
structures such as fullerenes, carbon nanotubes and graphene, a 
two-dimensional crystal (as shown in the figure). Other nanos-
tructures, such as nanowires and quantum dots can also be pro-
duced from metals and semiconductors. There are many fields of 
application, for example, in medicine, photonics and electronics.
Nanostructures are usually investigated with electron microscopy, 
which has reached an almost unbelievable precision, making it 
possible to study nanomaterials on the atomic scale. Another 
method that has revolutionized materials science is scanning 
tunnelling microscopy, which is based on the concept of quantum 
tunnelling, strongly dependent on the distance to the surface. The 
surface structure of an electrically conducting material can be 
mapped on the atomic scale (~0.1 Å) by scanning an extremely 
narrow metal tip (of the order of a few atoms) over it. Atomic-
force microscopy, which measures the atomic forces between the 
tip and the surface being studied, can also provide fine-detailed 
information on biological materials, which are not usually suf-
ficiently conducting for scanning tunnelling microscopy. 
A plasma is a material phase that contains free electrons and 
ions. Plasmas are found naturally in stars and interstellar space. 
They can also be created in the laboratory, and are used in fusion 
research, where scientists are attempting to bring about the fu-
sion of tritium and deuterium (isotopes of hydrogen) to make 

helium and energy, using high-power lasers or high magnetic 
fields (tokamak). The aim is to produce more energy than has to 
be supplied to induce the fusion reaction in order to develop a 
fusion-based power plant.

On the borders of chemistry and biology
Apart from purely physics research, new areas are constantly be-
ing developed that involve, for example, chemistry or biology. 
One example of this is optical microscopy beyond the diffraction 
limit, which makes use of ingenious laser techniques combined 
with light-emitting chemical compounds, and is used in biology 
and medicine. Another example is the use of methods developed 
in statistical physics to predict the development of a virus popu-
lation and for the study of neural networks.
Despite the enormous advances made in recent decades, or per-
haps because of them, we are facing many new questions such as 
whether or not there is life outside our solar system. Gravitational 
waves provide us with a new way of regarding the universe: What 
will it look like? What is dark matter? Why does matter domi-
nate over antimatter? Will physicists be able to describe gravita-
tion (and find the predicted elementary particle, the graviton) 
together with the other forces of nature in a unified way? When 
will quantum computers or fusion power plants be realized, and 
what will they look like? What new inventions will help save lives 
on our planet? 
Physics is more exciting than ever before!
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