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Radioactivity – alpha and beta particles, gamma rays

Alpha – relatively heavy particle, penetration depth ~ 1mm

Beta particle – light particle (electron), penetration depth several cm

Gamma ray – high energy EM radiation, penetration depth measured  in 
meters

Decay rate and half-life

N = NO exp(-kt) and t1/2 = ln2/k

Measuring radioactivity

1 Ci = 3.7(E10) Bq, where Bq = 1 decay/second

1 Gy = 1 J of absorbed energy per Kg, also 1 rad = 0.001 Gy

Seivert (Sv) is used to measure the dose equivalent which takes into 
account the quality (Q) of the absorbed radiation. Q = 1 for X-rays, γ-rays, and 
β particles, 10 for neutrons, and 20 for α particles.

1 rem (roentgen equivalent man) = 0.01 Sv and 1 millirem = 1E-5 Sv





Binding energy per nucleon of the isotopes

235U + 1n → 144Ba + 89Kr + 31n +177 MeV  (1 MeV = 1.6E-13 J) 
238U + 1n → 239U + γ → 239Np + β → 239Pu + β

Fissile nuclei (split after absorbing thermal neutron) = 233U, 235U, 239Pu

Fertile nuclei (absorb fast neutron and convert into fissile nuclei) = 232Th, 238U



Nuclear fission reactors
• Natural U is 99.3% U-238 and 0.7% U-235
• U-235 is the fissionable isotope
• For reactor fuel enrich U-235 to 4.0%
• The neutrons emitted during the fission event have 

an energy of 2.0 MeV. Lower energy neutrons (2 
eV) are much more effective at inducing fission 
(capture cross-sections)

• A moderator is used to slow down the neutrons
• A control rod made of a neutron absorber is used to 

control the reaction
• Criticality is achieved when the reaction is at 

equilibrium



Nuclear Power Plant

Components:
• Fuel rods (elements)
• Moderator
• Control rods
• Coolant



Types of fission reactors













1
2𝐻𝐻 + 12𝐻𝐻 → 24𝐻𝐻𝐻𝐻 + 0

1𝑁𝑁 + 2.8 𝑝𝑝𝑝𝑝

D-T fusion reaction

pJ = 10-12 J



Fusion reactions require:
• High temperature (100E6 oC)
• High particle density
• Relatively small energy loss per 

unit time
The above three items comprise the 
Lawson Criterion.
Fuel is deuterium and tritium

Nuclear Fusion – Magnetic Confinement

Lithium in the walls of the chamber 
react with fast neutrons to produce 
additional tritium (half-life = 12.3 years)



Fuel is a mix of 
deuterium and tritium. 
In most designs laser 
beams directly 
compress the target. 
In this design X-rays, 
generated by lasers, 
compress the target.

View of upper 1/3 of target 
chamber

National Ignition Facility (NIF) – use lasers 
to initiate fusion

Nuclear Fusion – Laser Ignition
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