
The Search for the 
Smallest Thing

AN INTRODUCTION TO PARTICLE PHYSICS



J.J. Thomson came up with
the idea that atoms had an 
interior structure.  This was 
called the “Plum Pudding” 
model of the atom.  He 
published it in 1904. 

The idea was that a large 
positive charge had 
electrons stuck to it, and the 
result was an atom with no 
net charge.This model ended up not 

working very well, but it was 
a good first shot!
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Today’s Topic:
What happens when 
atoms blow up! Getty Images



Meet Henri Becquerel! (1852 –1908)

Sapaviva.com

• A French Physicist from a 
distinguished family

• Interested in Phosphorescence –
things that glow in the dark after 
being exposed to light

• Methodically exposed substances 
to sunlight and then, in the dark, 
put the substance next to a 
photographic plate 



In 1896, Henri decided to test some 
Uranium salts to see if they were 
phosphorescent.  

His standard method was to put the 
substance to be tested on a table 
overnight, with the photographic 
plate next to it.  

When he did this with the Uranium 
salts, he noted that the 
photographic plate was ruined – it 
was foggy and clouded.

One of Becquerel’s 
plates exposed to 
Uranium

Wikipedia.org



What was going on?  Something 
was clearly coming out of the 
Uranium and ruining the plates.  
But what?

He discovered that putting several 
sheets of paper over the Uranium 
reduced the damage, and lead 
bricks prevented any damage at 
all.

But that still didn’t tell him what it 
was… Getty Images

Becquerel at his famous table



Becquerel and Marie Curie 
collaborated to work on the 
problem.  

They put photographic plates 
across the wall, and then put 
a magnetic field over 
everything.  

To their surprise, there were 
three places on the plates that 
were exposed.  This meant 
there were three “particles” 
coming out of the Uranium.

Marie Curie’s Diagram of the 
Three Particles

Researchgate.net



No one knew anything else about the 
three particles.  They could have been 
named 1, 2, and 3, or A, B, and C.

But Ernest Rutherford decided to call 
them alpha, beta, and gamma rays 
from the first three letters of the Greek 
alphabet, because Greek is cool.

Marie Curie

Wikipedia .org



Marie in her lab
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Marie coined the term “radioactivity” and 
found a way to measure how strong 
radioactivity was.  

When she worked with the uranium ore 
pitchblende, she discovered that after she 
had removed the uranium, what was left over 
was more radioactive than it was before!

This led her to search the rubble for a new 
element, and she and her husband Pierre 
discovered Radium and Polonium.



Marie Curie’s Nobel Prize 
Citation, which she won 
in 1903, along with her 
husband Pierre and Henri 
Becquerel

Marie also won the Nobel 
Prize for Chemistry in 1911

Nobelprize.org



Atomic Model Timeline

Meet Ernest Rutherford! 1871 - 1937

Physics Professor at 
Manchester University

Spectral Lines of 
Hydrogen

Spectral Lines of 
Helium

He captured alpha particles in a glass tube, and then 
made a fluorescent light bulb out of it by connecting 
the tube to a battery.  The resultant spectrum 
matched that of helium exactly!  Alpha particles are 
helium atoms!

Wikimedia Commons

Rutherford was born and 
raised in New Zealand, 
by the way.



Picture of Beta Radiation 
in a Cloud Chamber 

Nuledo

Henri Becquerel captured Beta particles in a 
cathode ray tube and discovered they were 
the same charge and mass as an electron.  
Beta particles are electrons!

Youtube

Antique 
Cathode 
Ray Tube



Meet Paul Villard!
In 1900, he discovered gamma 
rays coming out of radium.

Wikimedia Commons

William J. Morton

These rays could go into 
matter deeply, and they 
also reflected off crystals.  
They weren’t affected by 
electricity or magnetism.

Rutherford concluded 
they were high frequency 
light.

Notice no protection 
from radiation!



So, to summarize, there were three kinds of radioactivity:

1.Alpha particles, which are helium atoms. By the way, 
these atoms had lost their electrons, so they had 
positive electric charges.

2.Beta particles, which are electrons
3.Gamma rays, which are high frequency light

Ernest Rutherford decided to try one more experiment, 
which turned out to be one of the most important 
experiments in Physics history.

It is called Rutherford’s Gold Foil Experiment!



Somehow, Rutherford figured out that when alpha particles hit 
the chemical zinc sulfide, they gave off an extremely small 
flash of light.  He assigned two students, Hans Geiger (yes, that 
Geiger!) and Edward Marsden, to do an experiment. 

Wikipedia.org

Hans Geiger Edward Marsden

Wikipedia.org
Wikipedia.org

The apparatus they used 
between 1908 – 1913.



Geiger and Marsden took a 
radioactive material and 
surrounded it with lead, with a 
small hole the alpha particles 
could come out of.

They set up a target of thin gold 
foil for the alpha particles to hit.  

They surrounded the gold foil 
with zinc sulfide, and in pitch 
darkness they looked for flashes 
of light on the zinc sulfide 
through a microscope.



J. J. Thomson had said that alpha 
particles should go right through 
materials without changing direction.

Most of the time, Geiger and Marsden 
found that is what happened.

But about 1 in 8000 alpha particles 
went off in some crazy direction!  Some 
even bounced backwards!

Rutherford said it was like a 15 inch 
battleship shell being stopped by tissue 
paper!

J.J. Thomson

Biography.com
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Rutherford in his Lab

Rutherford won the Nobel 
Prize in Chemistry in 1908

The implication of the gold foil 
experiment was that there was 
something very small and hard 
inside the gold foil that the 
alpha particles bounced off of, 
but that most of the gold foil was 
empty space.

Rutherford thought – hmmm, the Thomson model of the atom 
is wrong!  Maybe we should be thinking of a new model!



Atomic Model Timeline

Rutherford said, “Maybe the 
atom is like a solar system, with 
a small nucleus of positive 
charge in the middle and the 
electrons whizzing around in 
orbits around the nucleus!”

Physicists immediately 
reacted and said,

“You’re nuts!  This can’t work!”

And they were right.



Physicists pointed out, correctly, that an 
electron moving in a circle is constantly 
accelerating.  An electron is a charged 
particle.  When a charged particle 
accelerates, it glows – that is, it changes 
some of its energy into light.

That means the electron has less energy. 
The electron will slow down.  Which 
means it will fall into the nucleus.  And this 
will all happen in less than a second.

Iemoji.com
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Niels Bohr to the Rescue! (1885 –1962)
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Niels lived in interesting times…

• Born in Denmark

• A great athlete, he was a goalie for a professional 
soccer team.  His brother was even better – he 
played for the Danish National Olympic Team! 

• In 1905 he won a nation-wide physics competition, 
improving a theory by Lord Rayleigh.

• Got a position working for Rutherford during the 
Gold Foil Experiment.



Niels Bohr Institute, Public Domain, 
Wikimedia commons

Neils married Margrethe Nørlund in 1912

• They had six sons.  The eldest died in a 
boating accident, another died of 
meningitis.

• Another son won the Nobel Prize in 
physics in 1975.

• Another son played Olympic Field 
Hockey in 1948 for Denmark.

• In 1913, Niels wrote three papers, 
called “The Trilogy”.



“The Trilogy” laid out a new theory of atoms.  It 
made Niels famous in the Physics world.

Niels said: 

• Electrons are only allowed to travel 
in certain specific orbits around 
the nucleus.  Any other orbits are 
“not allowed”.

• When an electron moves from one
orbit to a lower orbit, it gives off a
photon of a specific color.  This 
explains the spectra of atoms.



• In time, the idea also developed 
that only so many electrons could 
fit in each orbit.  

• The innermost shell could only hold 
one or two electrons. 

• The next shell could hold no more 
than eight electrons.  

• The next one out could hold no 
more than 18 electrons.

The number of atoms an atom could connect to was 
determined by how many electrons it had in its outer shell.

Orbitals for a Sodium atom

yvcc.edu



• Using this model, Niels was able to exactly 
predict what the spectral lines of hydrogen 
would be.   His prediction was perfect!

• This model also began to explain how 
atoms connected to each other!

• These were two of the biggest problems
physicists in the 1800’s had!

Shell model for Rubidium

Wikipedia.org



• Bohr won the Nobel Prize in 1922.

• He mentored many top physicists,
including Werner Heisenberg

• During 1930’s he helped refugees
escape from the Nazis

• Nazis occupied Denmark – they wanted Bohr to work for them.

• Bohr famously had an argument with Heisenberg, who was head of Nazi 
nuclear program.

• Bohr escaped to Sweden in a small fishing boat in 1943.

Calisphere



• Bohr escaped to England from Sweden, and
worked on the British nuclear program.

• Later, Bohr came to America and worked on the
Manhattan Project.

• After the war, Bohr returned to Denmark and was
knighted.

• Bohr helped found CERN, the great European 
Science Institute.

• Bohr famously debated Albert Einstein about 
Quantum Physics

Niels Bohr’s 
Coat of Arms

Wikipedia.org
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Niels Bohr in Later Years

• There were lingering questions, 
the most important of which was 
“why are only some orbitals 
allowed?”  There is an apocryphal 
quote from Bohr about this –
allegedly he said when asked this 
by a young physicist – “Shut up 
and Compute”.

• Still, the picture of the atom Bohr 
developed remains the most 
popular image people have of 
the atom.



Wikidata.org
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The Bohr model of the atom 
was a magnificent step 
forward, and is still the most 
popular image of the atom….

But, it’s wrong.

The only spectra it correctly 
predicted was the one for 
hydrogen.  And it never 
explained why only some 
orbitals were allowed.



Mentalfloss.com

Connolly Music

Next Week:

• How do we fix the 
Bohr model so it 
works?

• And what do an
atom, a pipe organ,
and a violin have in
common?

• (hint – they all do 
quantum leaps)



My Email 
address is:

medodge@
comcast.net

Questions?


