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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.



 
 

185Theoreticians on the move

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.



 
 

187PhD studies

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.



 
 

189Pauli’s advisor

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.



 
 

191The poetry of physics

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.



 
 

193Theoretical particle physics

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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