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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 
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Nuclear interlude: Isotopes 
l  The number of protons in a 

nucleus determines which 
element it is 
◆  which equals the number 

of electrons in a normal 
atom 

l  But there can be different 
isotopes of a particular 
element 
◆  same number of protons, 

but different number of 
neutrons 

€ 

92
238UThe most common isotope 

of uranium is 238, with 
238-92=146 neutrons 
 
About 0.7% of uranium is the  
isotope 235, which has the 
same number of protons (otherwise 
it wouldn’t be uranium), but 3 less 
neutrons 

€ 

92
235U92

238U symbol for  
element 

atomic number 
(# protons) 

atomic weight 
(# protons + 
# neutrons) 
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Nuclei 
l  The atomic nucleus only occupies 

a few quadrillionths of the total 
volume of the atom 
◆  most of the atom is empty 

space 
l  The nucleus consists of protons 

and neutrons packed closely 
together 

l  Since the protons are positively 
charged and they all repel each 
other, there must be another still 
stronger force that keeps the 
nucleus together 
◆  the strong force 

l  The strong force is short range, 
acting over ~10-15 m, or about the 
size of a proton or neutron 
◆  the electromagnetic force has 

an infinite range 

The more protons in a nucleus, the more 
neutrons are needed to keep the nucleus 
bound. Smaller nuclei are more stable 
than larger nuclei, because of the short 
range of the strong nuclear force. 
 
All nuclei having more than 83 protons are 
very unstable, i.e. are radioactive.  
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Neutrons 

l  Neutrons outside of a nucleus are not stable and decay into 
a proton, electron (and neutrino) with a half-life of about 10 
minutes (see discussion of half-life later) 

l  This can happen inside of a nucleus as well, with the beta 
(electron) being emitted 
◆  thus the number of protons increases by one 

l  A nucleus can also emit an alpha particle (2 protons and 2 
neutrons) 
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Radioactive decays 
l  When a 238U nucleus 

ejects an alpha particle, 
the nucleus loses 2 
protons and 2 neutrons 

l  The nucleus left behind 
is now thorium 

l  We can write this 
reaction as  

l  234Th is also radioactive 
l  When it decays, it emits 

a beta particle 
◆  a neutron then 

becomes a proton 
l  It now has 91 protons, so 

becomes a different 
element, proactinium 

l  We can write this 
reaction as 

€ 

92
238U→ 90

232Th+2
4He

€ 

90
234Th→ 91

234Pa + e−
2 protons plus  
2 neutrons is just 
the nucleus of a  
Helium atom 
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Half-life 
l  The rate of decay for a 

radioactive isotope is 
characterized by its half-
life, the amount of time it 
takes for half of the 
nuclei to decay 

l  Half-lives can vary a 
great deal depending on 
the type of radioactive 
decay 
◆  from a millionth of a 

second to billions of 
years  
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Half-lifes, again 
l  A half-life, T1/2, is the amount 

of time it takes half of the 
atoms in a radioactive 
substance to decay 

l  Why do particular atoms 
decay at a particular time?  

l  It is part of the random nature 
of quantum mechanics and 
can not be calculated for an 
individual atom 
◆  “God playing dice” 

l  The curve for a radioactive 
decay is given by the formula 
on the right 

l  If I start off with No atoms, and 
I end up with N atoms after a 
time t, I can solve for t if I 
know T1/2 

€ 

N = Noe
−λt

T1/ 2 =
0.693
λ

N = Noe
−
0.693t
T1/2

ln N
No
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( 
) =

−0.693t
T1/ 2
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Example 
l  Suppose I have a sample with 

1024 radioactive atoms, and I 
wait 6 half-lives. How many 
atoms are left?  

l  After 1 half-life, 512 
l  After 2 half-lives, 256 
l  After 3 half-lives, 128 
l  After 4 half-lives, 64 
l  After 5 half-lives, 32 
l  After 6 half-lives, 16 

l  The number of atoms is 
reduced by a factor of 26=64 

€ 

N = Noe
−λt

T1/ 2 =
0.693
λ

N = Noe
−
0.693t
T1/2

ln N
No
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) =

−0.693t
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Example 
l  Suppose I wait 2.0 half-lives 

(2.0 X /T1/2) 
l  How many atoms are left from 

the original sample? 
l  Well, we know that ½ of them 

are lost after the first half-life 
and ½ of what is left are lost 
after the second half-life 
◆  0.5X0.5=0.25 

l  We can also use the formula 
on the right 

l  Suppose I wait 2.5 half-lives; 
then I plug in 2.5 in the 
equation above rather than 2 

N = Noe
−λt

T1/2 =
0.693
λ

N = Noe
−
0.693t
T1/2

ln N
No

"

#
$

%

&
'=

−0.693t
T1/2

N / No = e
−
0.693t
T1/2 = e− (0.693)*2*T1/2

T1/2
= e−1.386 = 0.25
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Radioactive dating 
l  The Earth’s atmosphere is 

constantly bombarded by 
cosmic rays 

l  These reactions produce high 
energy particles which then 
can interact with other atoms 
in the atmosphere 

l  If I have a high energy 
neutron interacting with a 
nitrogen nucleus, it becomes 
an isotope of carbon (14C) 

l  Carbon-14 is radioactive but 
has the same chemical 
properties as (normal) 
carbon-12 

l  Plants take in carbon-14 
through carbon dioxide  

l  After they die, they stop taking 
in carbon dioxide, and thus 
carbon-14 

l  The half-life of carbon-14 is 
5730 years 

l  By examining the amount of 
carbon-14 in a material 
compared to the amount of 
carbon-12, we can perform a 
radioactive dating of the 
material 

l  Works up to about 50,000 
years 
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Fission bomb 
l  Most of the naturally occurring 

uranium is the 238U isotope 
l  Only the 235U isotope can be used 

for fuel/bomb, so the two have to 
be separated 
◆  it took more than 2 years 

during WWII to make enough 
for 1 bomb 

l  There will be no explosion unless 
a critical mass of 235U is present 
◆  otherwise the neutrons 

escape from the bomb before 
triggering more reactions 

◆  about 1 kg 
l  In one bomb design, a piece of 

uranium is fired towards a hollow 
sphere of uranium 
◆  each is sub-critical, but 

together they make a critical 
mass   
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Fission reactors 
l  The energy released in the nuclear fissions is used to produce steam which is then 

used to drive a turbine 
◆  use only slightly enriched uranium, so no explosion possible 

l  About 20% of the power in the US is by nuclear power (about 90% in France) 
l  Have to worry about radioactive waste products (but burning coal releases both 

uranium and thorium) 

video 
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Fusion 
l  Fission is not how the sun (or any 

star) is powered 
◆  not very efficient and stars 

are mostly hydrogen and 
helium anyway 

l  Stars are powered by fusion 
reactions, such as hydrogen 
atoms colliding at high energies, 
forming helium, and releasing 
energy 
◆  note that these are isotopes of 

hydrogen (deuterium and tritium) 
l  The helium atom has less mass 

than 2 protons and 2 neutrons 
together 

l  The difference is released as 
energy…a lot of energy 

l  4000000 tons of mass are 
converted to energy every second 
in the sun 



!
!

Fusion reactors 
l  Fusion takes place only at very high 

temperatures (such as at the center of 
the sun), on the order of 10’s of 
millions of degrees 

l  If we can re-create those conditions, 
then we can produce fusion reactions 
that give off energy, using hydrogen 
(basically water) as fuel 
◆  the trick is re-creating those 

conditions 
l  There are two approaches 

◆  hitting a fuel pellet containing 
hydrogen simultaneously with 
powerful lasers 

◆  confining a plasma of hydrogen 
with a strong magnetic field and 
then heating it up until fusion 
reactions start taking place 

l  No radioactive by-products, but very 
difficult technically 

◆  Research has been going on for 
about 50 years, and still far away 
from commerical reactor 
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Hydrogen bomb 

l Can be 1000 times 
as powerful as atomic 
bomb 

l Uses a fission bomb 
to trigger fusion of 
isotopes of hydrogen 
(deuterium and 
tritium) 

l If I had shown this 
diagram 60 years 
ago, I probably would 
have been arrested 
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Edward Teller 
l  The ‘father’ of the US 

hydrogen bomb was  
Edward Teller 
◆  if you wanted to piss 

him off, you could call 
him the mother of the 
hydrogen bomb (since 
he acted on an idea 
from Stanislaw Ulam) 

l  He was the inspiration for 
the movie character Dr. 
Strangelove 

l  At the end of the movie, 
the Earth is destroyed 
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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 
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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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Clicker question 

l Of alpha, beta and 
gamma radiation, two 
are high speed 
massive particles and 
one is not 

l The one that isn’t is 

l A) alpha 
l B) beta 
l C) gamma 
l D) all are different 

forms of 
electromagnetic 
waves 
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