How are the elements formed?

What fuels the stars?

Can PET be used to tell if my brain works?

How can a doctor watch my heat beat with PET?
How can a solar flare disable my cell phone?
How can a dirty bomb be detected?

Can radiation really cure cancer?

How can we monitor our boarders for importation of
nuclear material?

Where does indoor radon come from?

What are the limits of nuclear stability?

How can scientists tell the age of artifacts?

Is there really a non-destructive method to determine
elemental composition?

The answers to these and
many other questions are
rooted in the science of the

nucleus.
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the players

particle mass
leptons
electrons 511KeV
positrons 511KeV
gamma rays 0
neutrinos 0
nucleons
neutrons 1.00866amu
protons 1.00728amu
nuclei

alpha particles  4.0026amu
fission fragments
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Nuclear stability

valley of stability - stable isotopes
Even-Even : most stable

Odd-Even (or Even-Odd) : somewhat stable
0Odd-Odd : 4 known stable
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Beta Decay

o N—>160Q +B-+v

e 3~decay (n—>p)

Beta Decay

* positron decay (p—>n)
« 18F _> 180 + B++V

FIGURE 17.8 When a nucleus ejects a § particle, the atomic number of the nuclide increases by 1 and the mass number remains
unchanged. The neutron that we can regard as the source of the electron is indicated by the gold boundary in the upper nucleus.
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FIGURE 17.10 In positron (8°) emission, the nucleus ejects a positron. The effect s to convert a proton into a neutron. As a result, the
atomic number of the nuclide decreases by 1 but the mass number remains the same.
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Beta Decay

* electron capture (p—>n)
e 5O+e ->"1N +v

alpha decay

* heavy nuclei
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FIGURE 17.9 In electron capture, a nucleus captures one of the surrounding electrons. The effect is to convert a proton (outlined in
gold) into a neutron (outlined in gold). As a result, the atomic number of the nuclide decreases by 1 but the mass number remains the
ame.
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FIGURE 17.7 When a nucleus efects an  particle, the atomic number of the nuclide decreases by 2 and the mass number decreases
by 4. The nucleons ejected from the upper nucleus are indicated by the gold boundary.
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spontaneous fission

. 254Cf -> 110Mo + 144Bg
* only heavy nuclei
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Energetics
+ E=mc?

« how bound is 4C?

+ BE = sum masses - mass

1 atomic mass unit = 1.66x102’Kg = 931.5 MeV

BE= 6(mass hydrogen)+8(mass neutron) - mass 4C
=6(1.00783)+8(1.00866)-14.0032419 amu
=.112989 amu
=0.112989 amu (931.5 MeV/amu) = 105.2 MeV
=7.5 Mev/nucleon

(=1.69x104J {Kgm?/s?})
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