AP Physics – Nuclear Physics LP

Pound Cake Model -  JJ Thompson

1911   Rutherford’s Scattering experiment
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Radioactivity

Half-life

Daughters

Half-life ( the time for one half of a radioactive sample to decay.
Types of Radioactivity

Alpha particles  -- ( 

· helium nuclei 

· speeds ( 0.1 c.

· positive charge 

--     +2

· small deflection by magnetic field

· Stopped by sheet of paper 

· Most massive type of radioactivity

Beta particles  -  (
· Electrons

· Up to 90%  c

· negative charge (-1)

· Large deflection by magnetic field

· Can be stopped by a layer of metal foil

Gamma rays     ( 

· High energy photons

· Very short wavelength, high frequency.

· No  deflection by magnetic field 

· Most penetrating.  

great thicknesses of mass

Symbols 
Neutron
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Positron
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Nuclear Reactions  --  atomic number and mass number for each element must be balanced on both sides 

Alpha decay

· unstable nucleus produces a daughter nucleus and releases ( particle
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Beta decay:

· neutron decays and becomes a proton and emits a ( particle 
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Electron capture:

· electron enters unstable nucleus -- proton absorbs electron and becomes a neutron.
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atomic number of daughter decreases by one

no change to mass number

Positron decay or emission:

· unstable nucleus  --   a proton becomes a neutron.  Nucleus emits a positron.
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daughter’s atomic number decreases by one.  

no change to mass number.

Gamma Ray Production:

· Many nuclear reactions often produce ( rays.  Alpha decay does this frequently.
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Neutrino



1930      Beta decay  --  Wolfgang Pauli

certain amount of Energy predicted

Energy and momentum had to be conserved

beta particle produced did not have enough energy or momentum

Had to be another particle

Pauli theorized third particle

Later called “neutrino” by  Enrico Fermi
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Neutrino Properties:

Zero charge

Extremely small mass

½ spin (conserve angular momentum)

Very weak interaction with matter

Fission:




Slow neutron bombardment
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U-239 is unstable
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Np-239 has a half-life of 2.3 days
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Pu – 239  half-life is around 2400 years

Bombard U – 235 and something different happens

Several possible reactions.  Typical ones:
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Nucleus fragments, producing 2 daughter elements
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Produces ( 3 neutrons

Chain reaction


Bombs   -  Reactors

Electron volt    (eV)  (  energy to accelerate an elecron or proton through a potential difference of 1 V.
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Mass equivalent to energy
Einstein’s Special relativity
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E0  (  rest energy
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stick in 
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Essentially  
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Nuclei stable --  nuclear force

Attractive force

Nearly independent of charge

Heavy nuclei stable if they have more neutrons than protons

Very short range   (  size of nucleon 

Binding energy   --   Mass  Defect

Total E of nucleus is less than the combined energy of the separated nucleus

Mass of nucleus is less than the sum of the mass of individual particles

He – 4  atom

2 protons and 2 neutrons

mass of nucleus 

= 4.001509 u

proton mass 


= 1.007276 u

neutron mass 


=  1.008665 u
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2 1.008665 u = 2.017330 u
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Compare masses 
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binding energy per nucleon is critical
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[image: image39.wmf]
nickel-62    highest value   8.795 MeV 

For small mass numbers increase E -- increase mass number  -  fusion
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large mass number elements --   decrease  mass number – fission
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