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Announcements 
l  Help room hours (1248 BPS) 

◆  Ian La Valley(TA) 
◆  Mon 4-6 PM  
◆  Tues 12-3 PM 
◆  Wed 6-9 PM 
◆  Fri 10 AM-noon  

l  Third hour exam Thursday Dec 6 
l  The textbook doesn’t cover the material on relativity but in addition 

to my lecture notes, you can consult the web, for example  
 http://www.phys.unsw.edu.au/einsteinlight/#top 

l  Provide feedback for the course at https://sirsonline.msu.edu 
starting Nov. 26 
◆  the email to me said that final grades may be delayed unless 

you respond 
l  Final Exam Tuesday Dec 11 7:45-9:45 AM 

◆  please see me after class if you have a conflict for this time 
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Fission and fusion 
l  Are opposites of each other 
l  For light elements, fusing two 

particles results in a release of 
energy 

l  For heavy elements, fissioning 
a particle results in a release 
of energy 

l  In both cases, the mass 
afterwards is less than the 
mass before, with the 
difference being converted 
into energy 

l  E=mc2 
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Nucleosynthesis 
l  Big bang: hydrogen and helium 
l  Inside stars: helium up to iron 
l  Supernova: all elements heavier than iron 

10% of your body is 
hydrogen; the rest was 
once inside a star 

FRIB will try to recreate the types of  
nuclear collisions that take place in 
supernova 
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Environmental radiation 

l Radiation doses are measured in units of 
rems 

l Lethal doses begin at 500 rems 
◆  a person has about a 50% chance of 

surviving a dose of this magnitude applied 
during a short time 

◆  the average dose of radiation per person is 
about 360 millirems per year 

l What do you think is the largest source of 
radiation exposture?  
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Radiation 
 

l  Cosmic rays: 26 mrem 
◆  more for pilots, flight 

attendants 
l  Ground: 33 mrem 
l  Our bodies (radioactive 

potassium): 35 mrem 
l  Medical procedures: 40 mrem 
l  X-rays: 15 mrem 
l  Cathode-ray TV tubes: 11 

mrem 
l  Coal-powered plants: <1 

mrem 
l  Nuclear power plants: <<1 

mrem 
l  Air (radon): 198 mrem 
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What about microwaves?  

l The energy in each 
photon of 
electromagetic 
radiation is given by 
E=hf 

l In order to cause 
tissue/genetic 
damage, the photons 
have to be energetic 

l It’s impossible for 
microwave photons 
to have enough 
energy i.e. cell phones cannot cause cancer 
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Energies 
l  The unit for energy is Joules 
l  For high energy particles, we 

often quote the energy in 
electron-volts 
◆  the energy an electron would 

gain in travelling through a 
potential change of 1 V 

l  So visible light has an energy of a 
few electron-volts 

l  X-rays have energies of 
thousands of electron-volts 

l  The protons at the LHC have an 
energy of 4 trillion electron-volts 

l  The conversion is 1 electron-
volt=1.6X10-19 J 

l  You should know this conversion 
and also the acronyms for 
k(thousand), M(million), G(billion), 
T(trillion) 
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Types of radiation 
l  An alpha particle (the 

nucleus of a helium 
atom) can be stopped by 
a piece of paper 

l  A thin sheet of aluminum 
is enough to stop beta 
particles (electrons) 

l  Photons are very 
penetrating and it takes 
lead to stop them 

l  Neutrons are also very 
penetrating 
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Geiger counter 
l  Geiger was one of 

Rutherford’s students 
who discovered the 
nucleus 

l  He developed this device 
for testing for presence 
of radioactivity 

l  Any charged particles 
that pass through active 
area of counter will 
cause it to register a 
count 
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Food irradiation 
l  Food can be preserved 

by exposing it to gamma 
rays from a radioactive 
source 

l  The radiation kills any 
bacteria in the food 

l  If you were standing in 
the way of the gamma 
radiation, it would kill you 
as well 

l  Since it does not change 
the structure of the 
nucleus, it does not 
make the food 
radioactive 
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Clicker question 

l In both fission and 
fusion, mass 

l A) before and after 
the event is the same 

l B) is created from 
energy 

l C) is converted to 
energy 

l D) increases 
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Fundamental Forces 

l By mid 1930s, physicists thought they 
were close to figuring out the fundamental 
forces acting between particles. 

l Forces are explained by particle 
exchange 
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l With the photon, a theoretical picture of 
the ElectroMagnetic Force had been 
developed, as …  

“charged particles interacting through the 
exchange of photons.” 
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l Hideki Yukawa 
suggested a similar 
model to explain the 
strong nuclear force 
that was holding the 
protons and 
neutrons together 
inside the nucleus. 
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l  In Yukawa’s theory, a new particle 
was postulated, whose exchange 
between nucleons produces the 
strong force.  

l  Theoretically, the new particle would 
have a mass between that of an 
electron and a nucleon, (~200 me).  
Thus it got the name … 

                Meson, Greek for “middle.” 
l   Mesons and related particles were 

discovered in accelerator 
experiments in the 1950’s and 60’s. 
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Cosmic rays 
l  The Earth is constantly 

bombarded by cosmic rays 
(high energy particles) from 
outer space 

l  We’ve already talked about 
these in the context of muons 
and special relativity 

l  The low energy cosmic rays 
come from the Sun 

l  The higher energy ones come 
from very catastrophic 
processes elsewhere in our 
galaxy (and from other 
galaxies) 

l  The earliest detector for 
cosmic rays was a 
device called an 
electroscope  
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Cosmic rays 

l In 1937, physicists 
looking at cosmic 
rays found a 
particle that 
matched some of 
the predictions, but 
did not interact 
strongly 

l But during WWII, 
almost all physics 
was put on hold 

l After WWII, 
physicists realized 
that the particle 
discovered could 
not the one that 
Yukawa was 
talking about 

l The 1937 particle 
is the muon (µ) 
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Who ordered that?  
l  Physicists were looking 

for the pion (needed to 
describe the strong 
force), but found the 
muon instead 

l  That’s often the way 
science works 

l  In 1946, a particle that 
does interact strongly 
and did have the 
estimated mass was 
found 
◆  pion (π) 

l  Physicist I.I. Rabi’s 
comment about the 
muon was “Who ordered 
that!?” 

l  Leptons: particles that do 
not experience the strong 
force 
◆  electrons and muons 

are in this category 
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Richard Feynman 

l 1947: Feynman 
develops Quantum 
Electrodynamics 
(QED) and his 
Feynman diagrams. 
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Feynman Diagrams 
l Physicists now have 

procedures to 
calculate 
electromagnetic 
properties of 
electrons, positrons, 
and photons 

l Here are two 
electrons interacting 
because of the 
Coulomb force by the 
exchange of virtual 
photons  

A line that begins and ends in  
the diagram is a “virtual” particle. 
 
The others are “real” particles. 
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Either read the books… 

•  Most of the public knows him 
from the investigation of the 
Challenger disaster 

•  Also the father of 
nanotechnology 

•  Some quotes: 

•  “For those who want some 
proof that physicists are 
human, the proof is in the 
idiocy of all the different units 
which they use for 
measuring energy.” 

•  “I love only nature, and I 
hate mathematicians.”  

•  “Physics is like sex: sure, it 
may give some practical 
results, but that's not why we 
do it.” 
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…or see the movie 

l Matthew Broderick 
as Richard Feynman 
in Infinity 
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Accelerators 

l  In 1948, the Berkeley 
synchro-cyclotron 
produces the first 
artificial pions. 

l  Thus is launched the 
era of accelerators to 
produce and discover 
new particles- High 
Energy Physics. 
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It’s a Jungle Out There! 
l  Through the 1950s and 

on to the 1960s, a large 
assortment of particles 
were discovered. 

l  Currently the number of 
such particles is greater 
than 200! 

l  The large number 
prompted Enrico Fermi to 
say: 
◆  “If I could remember 

the names of all of 
these particles, I 
would have been a 
botanist”  
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A Classification of Particles 

l There emerged a 
classification system 
for all these particles.  
Generally speaking 
there were three 
broad categories: 

l Photons, which 
seemed to be in a 
category by itself. 

l  Hadrons- that interact through 
the strong force, with two sub 
categories or classes 
◆  Mesons – particles smaller 

than proton 
◆  Baryons (Greek for Heavy)- 

particles same size or larger 
than proton 

l  Leptons (Greek for small or 
light)- group of particles that 
participate in the weak force.  
All are smaller than the 
lightest hadron.  
◆  Examples include: electron, 

muons, and neutrinos. 
◆  Leptons appear to be truly 

elementary, with no structure 
(ie they seem point-like) 
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l The Lepton family seemed to be small- 
only 6 members (electron, muon and the 
tau; with each there was an associated 
neutrino) 

l All the new particles being discovered 
were hadrons. 

Elegant Universe 
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Tables of particles 
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Tables of particles 
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Murray Gell-Mann 

l Starting in the early 
1960s, Gell-Mann 
tries a variety of 
ways to organize the 
vast zoo of particles 
being discovered. 
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l  He is guided by the example of the periodic table of elements. 
l  Eventually he hit upon the “Eight-fold Way” 
l  With the symmetry of the pattern, it was possible to discover 

“missing” particles, such as the Ω- particle 
l  In addition, the pattern hinted at an underlying structure. 



!
!

Quarks 
l  1963: Gell-Mann and George 

Zweig independently 
suggested a more elementary 
structure for hadrons. 

l  The early model proposed 
that all hadrons are composed 
of two or three fundamental 
constituents, each with their 
own fractional charge, either 
1/3e or 2/3e. 

l  Whimsically, Gell-Mann 
names them “Quarks” from a 
line in James Joyce’s 
Finnegan’s Wake 

l  “Three quarks for Muster 
Mark!” 
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Quark flavors 

l Simply put, 
◆  mesons consist of a 

quark and an 
antiquark. 

◆  baryons consisted of  
three quarks. 

l Originally there were 
three (up, down, and 
sideways) 

l Further research has 
led to 6 


