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Norway and accelerators -
a historical view

• Rolf Widerøe (1928): 

use of alternating electric fields 

to accelerate charged particles

• First circular accelerator: 

Betatron

->  inspired Ernest Lawrence 

(Berkeley) to build a proton 

cyclotron (1931)

• First radio frequency linear 

accelerator (LINAC)



Betatron – a circular induction accelerator

• Widerøe’s PhD, Aachen, 1927 

did not manage to get it working 

Widerøe’s
first (15 MeV) 

Betatron
1943-45 



Betatron – inspiration for cyclotron

• Ernest Lawrence at Berkeley, 1932

11-inch proton cyclotron: 1.2 MeV

BNL
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Drift tube linac 

• Energy gain: E = eNgapVRF

• Period length increases with velocity l = v/2f
• RF phase changes by 180° while the particles travel inside the tubes, 

i.e. while the 
electric fields point 
in the “wrong 
direction” the 
particles are 
shielded by the 
drift tubes

• higher frequencies (> 10 MHz) were not practical, because the drift 
tubes would act more like antennas

• when using low frequencies, the length of the drift tubes becomes 
prohibitive for high-energy protons, e.g. 3 m at 20 MeV

gap 1 gap N

l1 lN-1



Widerøe’s Linac

• Widerøe’s prototype
(exact replica of the first high-frequency 

linear accelerator successfully built, 1927)

• Widerøe structure at UNILAC - GSI



Norway and accelerators –
a historical view

• 1931/32 First 1 MeV electrostatic accelerator 

by Robert J. Van de Graaff, Carnegie 

Institution of  Washington, USA, based 

on high-voltage generators developed by 

Odd Dahl et al.

• 1939-1942 First Van de Graaff machine (1.5 MeV) 

in Europe for cancer treatment at 

Haukeland University Hospital (HUS),

built by Odd Dahl, at that time at the 

Christian Michelsen Institute in Bergen. 

Design and start of construction of a 

second accelerator for 

“Radiumhospitalet” in Oslo – the order 

was later canceled.



Van de Graaff electrostatic accelerator 

• Bergen Van de Graaff

• first machine built by Odd Dahl for cancer 

treatment (1939)

• first nuclear physics machine (1950)
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Van de Graaff accelerator @ HUS
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Van de Graaff accelerator @ HUS

• Beam spot

• Dose-depth 

distribution



Norway and accelerators -
a historical view

• 1947 Start of the construction of the laboratory 

building and the accelerator at the newly  

founded university in Bergen by Bjørn

Trumpy and Odd Dahl

• 1950 Van de Graaff accelerator operational –

1.25 MeV; re-using parts of the planned 

Oslo medical machine

• 1954 The Bergen Nuclear Physics 

Laboratory - cover page in 

Physics Today

• 1956 Accelerator destroyed in a fire

• 1957-1959 Re-building of the VdG accelerator

• Since 1959 Operational for research in nuclear physics



Nuclear reactor in Norway  

• First reactor outside the nuclear weapon states

• Built by Odd Dahl 

and Gunnar Randers 

at Kjeller (near Oslo)

• Joint Establishment 

Experimental Pile 

(JEEP I) went critical 

in 1951



JEEP I  

Inauguration 1951
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Accelerator complex – synchrotron 
→ higher energies 

• CERN was established in 1952/1954

• Odd Dahl was appointed as the 

director of one of CERN’s 

accelerator groups to plan the 

construction of a proton 

synchrotron, with Widerøe as a 

part-time consultant.

• Odd Dahl, Rolf Widerøe: 

Members of CERN’s Proton 

Synchrotron design team 

(1953-1959)
In 1952, a group from Europe visited Brookhaven National 

Laboratory in preparation for the establishment of CERN.

George Collins (Brookhaven), Odd Dahl, Rolf Widerøe and Frank Goward

A CERN foundation meeting (1953) 
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CERN’s proton synchrotron 

• First Alternate Gradient Synchrotron (1959)

CERN PS ring                                                                 19 MHz cavity resonator
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Storage rings and colliders

• Rolf Widerøe, Kjell Johnsen (Prof. 

II @ UiB) 

• Conceptual design of a collider: 

Widerøe (1943)

• Construction of the Intersecting 

Storage Ring at CERN: 

Johnsen (1964-1971)
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CERN’s Proton Collider Program: ISR

• 1971: First Proton Collider (62 GeV)



Large Hadron Collider at CERN –
the Norwegian present and future  

LHC



Large Hadron Collider at CERN –
the Norwegian present and future  

• Experiments with UiB participation: ATLAS & ALICE

• Spin-off: 

from basic 

research to

proton-CT 



Bergen today

• Proton therapy 
facility at HUS 
(cyclotron) - 2024

• VdG at UiB


