
 

 
 

 
Figure 9-1. Physical and biological responses to ionizing radiation. Ionizing radiation 
causes damage either directly by damaging the molecular target or indirectly by 
generating free radicals, which attack the molecular target. Physical steps leading to 
energy deposition and free radical formation occur within femtoseconds to microseconds, 
while the manifestation of actual biological damage may require seconds to years. 
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