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Outline 

ÅRutherford's call for inventing accelerators  
("million volts in a soap box") 

ÅNewton, Franklin and Jefferson:  
Notable prefiguring of Rutherford's call 

ÅRutherfords's discovery:   
The atomic nucleus and a new experimental 
method (scattering) 

ÅA century of particle accelerators 
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wǳǘƘŜǊŦƻǊŘΩǎ Ŏŀƭƭ ŦƻǊ ƛƴǾŜƴǘƛƴƎ ŀŎŎŜƭŜǊŀǘƻǊǎ 

1911 ς  wǳǘƘŜǊŦƻǊŘ ŘƛǎŎƻǾŜǊŜŘ ǘƘŜ ŀǘƻƳΩǎ ƴǳŎƭŜǳǎ 
ÅRevolutionized study of the submicroscopic realm 

ÅEstablished method of making inferences from particle scattering 
 

1927 ς Anniversary Address of the President of the 
Royal Society 

ÅExpressed a long-ǎǘŀƴŘƛƴƎ άŀƳōƛǘƛƻƴ ǘƻ ƘŀǾŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǎǘǳŘȅ ŀ 
copious supply of atoms and electrons which have an individual 
ŜƴŜǊƎȅ ŦŀǊ ǘǊŀƴǎŎŜƴŘƛƴƎ ǘƘŀǘ ƻŦ ǘƘŜ ŀƭǇƘŀ ŀƴŘ ōŜǘŀ ǇŀǊǘƛŎƭŜǎέ 
ŀǾŀƛƭŀōƭŜ ŦǊƻƳ ƴŀǘǳǊŀƭ ǎƻǳǊŎŜǎ ǎƻ ŀǎ ǘƻ άƻǇŜƴ ǳǇ ŀƴ ŜȄǘǊŀƻǊŘƛƴŀǊƛƭȅ 
ƛƴǘŜǊŜǎǘƛƴƎ ŦƛŜƭŘ ƻŦ ƛƴǾŜǎǘƛƎŀǘƛƻƴΦέ 
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wǳǘƘŜǊŦƻǊŘΩǎ ǿƛǎƘΥ  
ά! Ƴƛƭƭƛƻƴ Ǿƻƭǘǎ ƛƴ ŀ ǎƻŀǇōƻȄέ 

Spurred the invention of the 
particle accelerator, leading to: 
  

Å Rich fundamental 
understanding of matter 

Å Rich understanding of 
astrophysical phenomena 

Å Extraordinary range of 
particle-accelerator 
technologies and applications 
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Isaac Newton, 1717, foreseeing something 
like quarks and the nuclear strong force: 
 
ά¢ƘŜǊŜ ŀǊŜ ŀƎŜƴǘǎ ƛƴ bŀǘǳǊŜ ŀōƭŜ ǘƻ ƳŀƪŜ 
the particles of bodies stick together by 
very strong attractions.  And it is the 
business of Experimental Philosophy to 
find them out.  The smallest particles of 
matter may cohere by the strongest 
ŀǘǘǊŀŎǘƛƻƴǎΦέ 

From Newton, Jefferson & Franklin to 
wǳǘƘŜǊŦƻǊŘΩǎ Ŏŀƭƭ ŦƻǊ ƛƴǾŜƴǘƛƴƎ ŀŎŎŜƭŜǊŀǘƻǊǎ 

From Query 31, Opticks 
Newton in a 1702 portrait by 
Godfrey Kneller 
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Thomas Jefferson, 1788, lamenting that his (and 
CǊŀƴƪƭƛƴΩǎύ ŜǊŀ ǿŀǎ άŀƴ ŀƎŜ ǘƻƻ ǎƻƻƴέ ŦƻǊ ǿƘŀǘ ƘŜ 
ŎŀƭƭŜŘ ǘƘŜ άŎƘŜƳƛǎǘǊȅέ ƻŦ άƳƛƴǳǘŜέ ǇŀǊǘƛŎƭŜǎΥ 
 

ά!Ǌǘ Ƙŀǎ ƴƻǘ ȅŜǘ ƛƴǾŜƴǘŜŘ ǎǳŦŦƛŎƛŜƴǘ ŀƛŘǎΣ ǘƻ 
enable such subtle bodies to make a well defined 
impression on organs as blunt as ours. 
Χώ/ƘŜƳƛǎǘǊȅ ƛǎϐ ŀƳƻƴƎ ǘƘŜ Ƴƻǎǘ ǳǎŜŦǳƭ ƻŦ 
ǎŎƛŜƴŎŜǎΧώōǳǘ ǎǘƛƭƭϐ ŀ ƳŜǊŜ ŜƳōǊȅƻƴΦ  Lǘǎ 
principles are contested; experiments seem 
contradictory; their subjects are so minute as to 
escape our sense; and their result too fallacious 
to satisfy the mind.  It is probably an age too 
ǎƻƻƴΧ Φέ 

Paris, 1788 

From Newton, Jefferson & Franklin to 
wǳǘƘŜǊŦƻǊŘΩǎ Ŏŀƭƭ ŦƻǊ ƛƴǾŜƴǘƛƴƎ ŀŎŎŜƭŜǊŀǘƻǊǎ 
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CǊŀƴƪƭƛƴΩǎ ŜǊŀ not άŀƴ ŀƎŜ ǘƻƻ ǎƻƻƴέ ŦƻǊ 
ƳƻŘŜƭƛƴƎ ƴŀǘǳǊŜΩǎ ŀǿŜǎƻƳŜ ŦƻǊŎŜǎ 

ά¢ƘŜ ŎƻƴŦƛǊƳŀǘƛƻƴǎ ǘƘŀǘ ƭƛƎƘǘƴƛƴƎ 
is an electrical discharge was 
perhaps the most dramatic and 
far-reaching finding of  18th 
century science.  Above all, it 
showed that human-made 
microcosms might mimic cosmic 
phenomena.  With an electrical 
machine and Leyden jar, for 
example, the scientists created, in 
miniature, lightning in the 
laboratory.  The ability to model 
ƴŀǘǳǊŜΩǎ Ƴƻǎǘ ŀǿŜǎƻƳŜ ŦƻǊŎŜǎ ƘŀŘ 
obvious implications for enhancing 
ŜƭƛǘŜ 9ƴƭƛƎƘǘŜƴƳŜƴǘ ƛŘŜƻƭƻƎȅΧ Φέ 
 

From Draw the Lightning Down: Benjamin Franklin and Electrical 
Technology in the Age of Enlightenment, Michael Brian Schiffer 

First-generation electrical sources: 

Electrostatic machines and Leyden jars 
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¢ŜŎƘƴƻƭƻƎȅ ƭƛƴƪ ŦǊƻƳ CǊŀƴƪƭƛƴΩǎ Řŀȅ ǘƻ 
wǳǘƘŜǊŦƻǊŘΩǎΥ 

Electrostatic machines and crude vacuum 
pumps  particle accelerators 

 

{ŎƛŜƴŎŜ ƭƛƴƪ ŦǊƻƳ CǊŀƴƪƭƛƴΩǎ ǘƛƳŜ ǘƻ 
wǳǘƘŜǊŦƻǊŘΩǎΥ 

ά¢ƘŜ ŀōƛƭƛǘȅ ǘƻ ƳƻŘŜƭ ƴŀǘǳǊŜΩǎ Ƴƻǎǘ 
ŀǿŜǎƻƳŜ ŦƻǊŎŜǎΦέ 
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Accelerators pre-1900 

The Thomson and Roentgen tubes were electron and ion accelerators at 
the kV range 

 

 

 

 

 

 

wǳǘƘŜǊŦƻǊŘΩǎ ŜȄǇŜǊƛƳŜƴǘǎ ŘƛǎŎƻǾŜǊŜŘ ǘƘŜ ƴǳŎƭŜǳǎ ŀƴŘ Ƙƛǎ ƭŀǘŜǊ bƻōŜƭ 
winning work on radiochemistry used naturally emitted radioactivity as 
MeV accelerators. 
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An accelerator for Rutherford 

¢ƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ ǘƘŜ άǇƻƛƴǘ-ƭƛƪŜέ 
atomic nucleus 
 

- Marsden and Rutherford, Manchester 1909 

Alpha particles:  probe 

MeV from an atomic nucleus 

~1014 MV/m!  

Ultra thin gold foil:  

target 
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Manchester:  The discovery of the 
άǇƻƛƴǘ-ƭƛƪŜέ ŀǘƻƳƛŎ ƴǳŎƭŜǳǎ 

PhD student Ernest Marsden told Rutherford of the strange 
scattering of alpha particles by gold leaf and later recalled a feeling: 

άΧǎƻƳŜǘƘƛƴƎ ƭƛƪŜ ǘƘŀǘ ƻŦ ŀ Ŏŀǘ ŘŜƭƛǾŜǊƛƴƎ ŀ ŎƘƻƛŎŜ 
ƳƻǳǎŜ ǘƻ Ƙƛǎ ƳƛǎǘǊŜǎǎΦέ  

  (from Rutherford Memorial Lecture, Royal Society London, 1954) 
 

άΧǉǳƛǘŜ ǘƘŜ Ƴƻǎǘ ƳŜƳƻǊŀōƭŜ ŜǾŜƴǘ ǘƘŀǘ ŜǾŜǊ 
ƘŀǇǇŜƴŜŘ ǘƻ ƳŜ ƛƴ Ƴȅ ǿƘƻƭŜ ƭƛŦŜΦέ 

Ernest Rutherford, 1909  
then Professor of Physics at Manchester University 
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Rutherford sought 
άƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ƎǊŜŀǘ ǾŀƭǳŜέ 

ÅWhy a positively charged, massive, nucleus and 
negatively charged, light, electron cloud? 

ÅAre nuclei and electrons fundamental?  
If not, do they have substructure? 

ÅWhat new physics is beyond the Periodic Table? 

ÅWhy are some atoms radioactive?  

ÅAre there new particles and forces at play in atoms? 
 



Rutherford 

Marsden 

Geiger 
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wǳǘƘŜǊŦƻǊŘΩǎ bǳŎƭŜŀǊ ¢ƛƳŜƭƛƴŜ 

Å1908-1910 Geiger & Marsden study 
scattering of alpha particles 

Å1910/11 Rutherford considers a 
nucleus of positive or negative 
charge, settles on positive 

Åмфмо DŜƛƎŜǊ ϧ aŀǊǎŘŜƴ ǇǳōƭƛǎƘ άhƴ 
the Laws of Deflexion of Particles 
ǘƘǊƻǳƎƘ [ŀǊƎŜ !ƴƎƭŜǎέ 

ÅάΧǘƘŜ deflexions are the result of 
an intimate encounter of an h 
ǇŀǊǘƛŎƭŜ ǿƛǘƘ Χ ǘƘŜ ŎŜƴǘǊŀƭ 
ŎƻƴŎŜƴǘǊŀǘŜŘ ŎƘŀǊƎŜΧέ  

(J.B. Birks, ed., Rutherford at Manchester, 1962) 



όάhƴ ŀ 5ƛŦŦǳǎŜ wŜŦƭŜŎǘƛƻƴ ƻŦ ǘƘŜ -htŀǊǘƛŎƭŜǎΣέ 
Proceedings of the Royal Society, 1909) 
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