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Artifical disintegration

To penetrate deep into the centre of matter requires beams of high energy 

particles. At first, until 1932, these came from natural (radioactive) 

sources but it became clear that artificially accelerated beams would be 

the next step in disintegrating atomic nuclei.

Cockcroft and Walton built the first machine that could do this in April 

1932, but a much more powerful and versatile machine become available 

within a few months.

This was the cyclotron, which had first been made operational by Ernest 

Lawrence at Berkeley in January 1931 and performed its first 

disintegration in September 1932.



Cyclotron

Essentially, the limitation of other accelerators such as the Cockcroft-

Walton machine, the Van de Graaff accelerator, and the linear accelerator 

was that the acceleration was done by an electrostatic field in a single 

operation. However, the cyclotron allowed repeated acceleration by 

using a spiral path produced by accelerating charged particles across a 

gap between two D-shaped electrodes and the pole pieces of a large 

magnet.

An electric field alternating at a constant frequency saw the particles 

increasing in energy with every cycle, with a corresponding increase in 

the radius of orbit. However, each cycle took the same amount of time, 

ensuring that the particles maintained the same frequency of rotation as 

the oscillating field.



The cyclotron



James Chadwick, c 1935

James Chadwick, at Cambridge, 

saw the importance of the cyclotron 

for nuclear physics and tried to 

persuade Rutherford to build one. 

His failure to do this led to him 

leaving Cambridge in 1935. 

Liverpool saw the opportunity and 

took him on as their new Head of 

Department with the promise of 

whatever money he needed to build 

his machine.



Chadwickõs cyclotron

Chadwickôs 37-inch cyclotron took four years to construct ïin the 

basement of the George Holt Building ïand produced its first beams in 

July 1939. Unfortunately World War II intervened and a large part of the  

research programme had to be diverted to the war effort, specifically the 

capture cross-sections of neutrons in uranium and plutonium.

Chadwick, Otto Frisch, Joseph Rotblat and other members of the 

Liverpool team spent the latter years of the war working on the 

Manhattan Project, to which they had contributed much crucial 

information.



The synchrocyclotron

The very significant contribution of Chadwick and Liverpool to the war 

effort was rewarded with the offer to the Department of a more advanced 

research machine. This was a synchrocyclotron, which significantly 

upped the energy available for collisions and transformed the device 

from a nuclear physics to a particle physics machine (from a few MeV to 

around 400 MeV).

Previously, particle physics discoveries were made with cosmic rays and 

other natural sources, using random events captured in cloud chamber 

photographs or using photographic emulsions.

Now, it was possible to direct beams at targets with enough energy to 

initiate particle physics events, under controlled conditions and for 

precision experiments to be made.



The synchrocyclotron

The limitation of the original type of cyclotron was that the accelerating 

particles increased in mass due to the relativistic effect, which then 

caused them to slow down.

The synchrocyclotron overcame this by using a synchronized RF field to 

compensate for the increased mass, the key component being a rotating 

condenser. It also eliminated one of the Dees because the unlimited 

number of cycles the particles could take meant that the strong electric 

field of the cyclotron wasnôt required. The condenser and the single dee 

formed a tuned capacitor-inductor circuit.

Chadwick started the process of designing and constructing the new 

machine at Liverpool but he did not stay to see it completed. He left to 

become Master of Caius College, Cambridge in 1948.



Plans for the construction

Plans were drawn up to build the 

machine on land obtained on lease near 

the RC Cathedral, then under 

construction on Mount Pleasant.

Joseph Rotblat, who was temporarily in 

charge during Chadwickôs absence, 

claimed that he got the idea of building 

underground in the cathedral mound 

after a visit to the catacombs in Rome, 

clerics there pointing to the massive 

crypt in the then unfinished cathedral.

A whole new building complex, the 

NPRL, was constructed on the site.



NPRL occupied by workhouse to 1931 (centre left)



Workhouse 1930



NPRL



H. W. B. Skinner

After Rotblat himself left Liverpool to 

concentrate on the field of nuclear 

medicine in London, Chadwick was 

replaced by Herbert Skinner who 

arrived as Head of Department, from 

Harwell in 1949, and took the main 

responsibility for the construction.



Mike Moore at the controls of the 37 inch cyclotron

Much of the 

technical work was 

organized by Mike 

Moore, who had 

come from Metro-

Vick to fit the 

magnet of the 

original cyclotron 

in 1936, before 

being hired by 

Chadwick on a 

permanent basis.



NPRL



The site



The site



NPRL, completed 1952



NPRL



Drawing of layout



Installation of magnet



Installation of magnet



Delivery, Mount Pleasant
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