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Nuclear	  Physics	  

•  Introductory	  Nuclear	  Physics	  
•  Fission	  
•  Fusion	  
•  Medical	  Applica=ons	  
•  Nuclear	  Physics	  research	  



Introductory	  Nuclear	  Physics	  
•  Binding	  Energy.	  Liquid	  drop	  model	  
•  Decay	  
•  Cross	  sec=on	  
•  ScaEering,	  mul=ply	  scaEering,	  elas=c	  scaEering,	  absorp=on,	  excita=on	  
•  Bohr	  model	  of	  the	  atom	  and	  atomic	  line	  spectra	  
•  Coulomb	  barrier	  and	  barrier	  penetra=on	  
•  Radio-‐carbon	  da=ng	  
•  Q-‐value.	  Mass	  defect	  and	  Einstein	  equa=on	  
•  Charged	  par=cle	  passage	  in	  maEer.	  The	  Bethe-‐Block	  formula,	  known	  also	  as	  the	  

stopping	  power	  or	  dE/dx	  
•  Charged	  par=cle	  iden=fica=on	  using	  dE/dx	  
•  The	  electromagne=c	  force	  
•  The	  strong	  nuclear	  force	  
•  The	  weak	  nuclear	  force	  (e.g.,	  radioac=ve	  decays)	  
•  Gravity	  



Fission	  
•  Fission	  reactors	  for	  electrical	  energy	  
produc=on	  
– Requirements	  and	  examples	  of	  fission	  reactors	  
– Advantages	  and	  disadvantages	  



Fusion	  
•  The	  case	  of	  the	  sun	  
•  The	  produc=on	  of	  heavier	  elements	  in	  stars	  
•  The	  condi=on	  of	  sustained	  fusion	  
•  Towards	  using	  fusion	  on	  Earth	  for	  power	  genera=on	  
•  The	  oceans	  as	  source	  of	  fusion	  fuel	  on	  Earth	  
•  The	  p-‐p	  cycle	  and	  the	  CNO	  cycle	  
•  D-‐D,	  and	  D-‐T	  fusion	  reac=on	  
•  Breakeven	  and	  igni=on	  
•  Confinement	  op=ons	  
•  High	  temperature	  and	  Coulomb	  barrier	  
•  ITER	  
•  Fusion	  and	  fission	  reactors.	  Pros	  and	  cons	  



Medical	  
•  Radio	  nuclide	  produc=on	  for	  medical	  
applica=on	  

•  Radio	  tracers	  
•  Tomography,	  PET	  
•  X-‐ray,	  gamma	  rays	  tomography,	  therapy	  
•  Proton	  and	  ion	  therapy	  
•  The	  Bragg	  peak	  
•  Ac=va=on	  



Research	  

•  Nuclear	  labs	  for	  pure	  and	  applied	  research	  
•  Understand	  the	  nuclear	  structure	  of	  maEer	  
•  Input	  into	  high	  energy	  physics	  
–  Inside	  the	  proton	  and	  the	  neutrons.	  Quarks	  and	  
gluons	  are	  the	  basic	  cons=tuents	  of	  maEer	  


