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We now have a model of the atom that works.  

There is a nucleus which contains protons, which attract the 
electrons and keep them from drifting out of the atom.

There are neutrons, which prevent the 
protons from repelling each other and 
blowing up the atom.

There are electrons, which vibrate 
through the atom as standing waves.

The harmonics of the electron 
vibrations produce the atomic 
spectra.
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But physicists wanted an equation, or a set of 
equations, which would describe how these 
wave-particles move.

Werner Heisenberg (1901 – 1976) was 
the first to take a shot.

He came up with something called 
“Matrix Mechanics”, which worked but 
was hard to use.  

Today in Science History



Meet Erwin Schrodinger (1887 – 1961)!

Born in Austria, he became a Physics 
Professor.  He moved back and forth 
between Oxford and central Europe.

Times Literary Supplement

Wedding Picture of Erwin and Anny
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Listen to this story of how Erwin came 
up with his famous equation… 

(from “The God Particle”, by Leon 
Lederman p.167)…



Apparently, Erwin and Anny had 
what would be called today an 
“open marriage”.  Both Erwin and 
Anny openly took lovers at times.

Erwin was the father of at least 
two children by women other 
than Anny.  He broke off the 
affairs when he learned the 
women were pregnant.Erwin expressed opposition to 

Hitler, and he fled to Ireland in 
1938.  Erwin, Anny, and Erwin’s 
mistress lived in the same 
house.  

The Irish Times

After the war, Erwin moved 
back to Austria.



In 1926, Schrodinger wrote the scientific paper which 
introduced the world to the Schrodinger Equation.  He 
won the Nobel Prize for this in 1933.

breakingatom.com



Max Born 1882 - 1970

Wikipedia.org

Bust of Schrodinger at 
the University of Vienna

Wikiquote.org

Max Born looked at the Schrodinger 
Equation a new way.  

Max was yet another 
great German physicist 
who fled Nazi Germany.  
He fled in 1933 and 
worked at Cambridge 
University until the end 
of the war.  



The fifth Solvay International 
Conference on Electrons and 
Photons, was held in October 1927.

17 people in this picture won Nobel 
Prizes.  Max Born was there!

NobelPrize.org

Max Born said, “Maybe 
the Schrodinger Equation 
tells us where a particle 
probably is!”

If we look at a whole 
bunch of such particles, 
the equation will tell us 
where they will show up!



chem.libretexts

This diagram tells us 
how far an electron 
probably is from the 
nucleus of an atom for 
three different possible 
energies. 

For the lowest energy 
(1s), the electron is 
probably very close to 
the nucleus. 

For the 2p energy, the electron is 
probably farther away from the nucleus.  
But we can’t be exactly sure!



Science Buddies

Transformation of Energy -- Roller Coasters, Quizlet.com

Here are two roller coasters!  Only one of them 
will work!  Which one?

By the way, do you know who is always the first 
person to ride on a brand new roller coaster?



Here’s where it gets weird.  There is a 
probability that particles will show up on 
the other side of a barrier that they have 
no way to get to! And if you run an 

experiment with 
enough particles, 
you’ll find particles on 
the other side of the 
barrier, even though 
they don’t have any 
way to get there!

This is called quantum 
tunneling.

testandmeasurementtips



Quantum Tunneling 
actually allows 
radioactivity to happen.  
Alpha particles have to 
tunnel their way out of the 
nucleus to escape.

MIT Open Courseware

George Gamow came up with this idea.  He also 
put together the Big Bang Theory and wrote a great 
children’s book that explains Einstein’s Theory of 
Relativity – it is called “Mr. Tompkins in Wonderland.”

Wikipedia.org



Quantum Tunneling and the 
Schrodinger Equation turned out 
to be critical to developing a 
new kind of electrical device.  
You may have heard of it.  It’s 
called the “transistor”!

All electronic devices (think of how 
many you use!) were developed as 
applications of the theory of quantum 
physics!  I bet you use quantum 
physics dozens of times a day without 
even knowing it!

The very first transistor!

researchgate



More than 100,000 scientific papers have 
used the Schrodinger Equation as their basis!

It has helped explain:

• How electrons move through metals to 
make electric current

• How atoms in crystals connect with each 
other

• How atoms connect with each other to 
form molecules

• How radioactivity works
• How semiconductor electronics work
• And lots of other things



Moviesandscience.com
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So, briefly, let’s talk about 

Schrodinger’s Cat.

Which I do reluctantly.

Schrodinger, in later years, 
said, 

“I wish I’d never met that 
cat.”



Let’s go out with a bang!

Wired.com

Once the new idea of the 
atom took hold, it was 
obvious that holding all 
those protons together in 
the nucleus took a LOT of 
energy.  

Could that energy be 
released?



How can you break an atom apart?  

John Cockcroft and E.T.S. Walton

The First 
Particle 
Accelerator

The
Cockcroft –
Walton 
Machine

Fermilab

Fermilab

Cockcroft and Walton shot alpha 
particles at lithium and broke lithium into 
helium atoms in 1932. 



M. Stanley Livingston and Ernest O. 
Lawrence in front of a 27-inch cyclotron,
Rad Lab, University of California, 
Berkeley, 1934.

U.S. Dept. of Energy 

The first circular 
accelerator, built at 
Cal in 1934!

Go Bears!



The first circular collider 
was a track just over 2 feet 
long.  

The Large Hadron Collider 
(LHC) in Switzerland, is 16 
miles long.

And there are plans for an 
even larger collider that 
will be over 60 miles long. 

Particle accelerators exist to speed up particles to nearly the 
speed of light, then smash them into a target (or each other) to 
see what things come flying out of the collision.



Amazon.com

A little side trip:

Imagine you perfectly filled up two 
1 cup jars of an element (say, 
uranium).  Assuming the jars are 
identical and the amounts of 
uranium are exactly the same, 
you’d expect them to weigh 
exactly the same, right?

But they probably won’t…

This bugged physicists in the 1800’s.



But when James Chadwick 
discovered the neutron, that 
cleared things up.  

Every atom of any element 
has the same number of 
protons and the same 
number of electrons.  But the 
number of neutrons can vary 
from atom to atom.

These variations are called “isotopes”.  For example, all uranium 
atoms have 92 protons, but most have 146 neutrons and a few 
have 143 neutrons. 

Timetoast.com



Since the job of 
neutrons is to keep the 
protons from repelling 
each other and blowing 
up the atom, if there 
are fewer neutrons…  
well, you get the idea.

The uranium with 143 neutrons, 
called uranium-235, is a LOT more 
radioactive than the uranium with 
146 neutrons, called uranium-238. 



janeliasberg.com

Lise Meitner 1878-1968 Otto Hahn 1879-1968

Wikipedia

Lise and Otto would be 
properly called the mother 
and father of the atomic 
bomb.

Their story, though, is very 
difficult, and very nearly 
tragic.

Lise was born in Austria into a Jewish family.  
She was the second woman ever to earn a 
PhD in Physics at the University of Vienna.

Otto grew up in Germany, worked in England 
and Canada, worked with Rutherford, and 
discovered the element Thorium in 1905.



The Conversation

Otto and Lisa met in 1907 and 
began working together.  She was 
the theorist, he was the 
experimentalist. 

She was severely discriminated 
against, but together they made 
major discoveries and were 
nominated for the Nobel Prize 19 
times. 

Once Chadwick discovered the neutron, Otto and Lise began 
bombarding radioactive materials with neutrons to see what 
would happen.



It is hard to break up an atom using an 
alpha particle, because the nucleus and 
the alpha particle are both positively 
charged, so they repel each other.

But neutrons have no charge, so they can 
be aimed like bullets right at the nucleus 
of a target atom!  

And blowing up atoms releases a LOT of 
energy.  You end up getting less mass out 
than you started.  Remember E = ଶ?

This is called nuclear fission. slideshare



The Atomic Age – Linda Hall Library

In 1937, Otto and Lise began 
doing research on this particular 
reaction.

Then, in 1938, the Nazis decided 
they didn’t want a female Jewish 
scientist around.

Lise fled to the Netherlands and 
then to Sweden.  She continued 
to communicate with Otto, 
though.  They worked out the 
details of this reaction.



Note that with one neutron, you 
split a Uranium atom apart, release 
a lot of energy, and you get TWO 
free  neutrons out.  

If you set it up right, those two 
neutrons will break up two other 
atoms, and you’ll get FOUR 
neutrons out.  Those four neutrons 
can split four other atoms, and you 
get EIGHT neutrons out. 

See the possibilities?????



This is called a nuclear chain 
reaction, and it can all happen 
in a tiny fraction of a second. 

When this was published, in 
January 1939, the whole world 
knew it was possible to make a 
new kind of bomb.

Otto Hahn won the Nobel Prize 
for this in 1944.  Lise Meitner did 
not.  It was a terrible injustice. 



In America, Leo Szilard got Albert Einstein 
to write a letter to President Roosevelt 
suggesting that the government needed 
to research this bomb.

This began the Manhattan Project.

Osti.govAtomic Heritage Foundation



There were challenges:

• You have to have nearly pure Uranium 235 to 
do this.  It needs to be at least 95% U-235.  In 
ordinary Uranium ore there is 138 times more 
U-238 than there is U-235.

• No one knew how much Uranium you 
needed to make a bomb.  If you didn’t have 
enough, the Uranium would just heat up, 
melt, and make a big mess.  If you had too 
much, well…..

Uranium Ore

Wikipedia



This was the control room 
for the purification 
process at Oak Ridge, 
Tennessee.  The women 
had no idea what they 
were working on.

Several different 
processes were used to 
get the U-235 pure 
enough.

Carnegie-Mellon University Encyclopedia of the History of Science



Ultimately, the result was 
two bombs, “Little Boy” and 
“Fat Man”.

This is a diagram of “Little 
Boy”, the bomb dropped on 
Hirsohima.

An explosive fired a 
doughnut shaped piece of 
uranium over a cylinder of 
uranium.  Together, they 
made the critical mass.

blog.nuclearsecrecy.com

141 pounds of U-235 were in the bomb.  However, the design was 
inefficient, so only 2 pounds actually contributed to the blast.



Gizmodo Australia

Little Boy

Time.com

Wikipedia.org

Hiroshima Nagasaki



My Email 
address is:

medodge@
comcast.net

Questions?


