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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
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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.
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 Sven Gösta Nilsson and his Model 206

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!
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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).



 
 

211Rapidly rotating nuclei

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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