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Available Studies

• Several studies – acute exposures at high power 
densities, mostly 96 GHz (Brooks AFB group)

• Several studies at mm waves, mostly small area 
exposure from waveguide

• Miscellaneous other studies (mm wave exposure to 
eye, a few older studies at 10 GHz)

• Few if any studies involving large area heating, long 
times 
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Goal: simple thermal model 

• Need simple model (no anatomical details)
• Use fixed parameters
• Need to evaluate model using independent  

data









Steady State Solution – 1D problem



Gaussian Beam Pattern



Solutions - 2D problem
1. Finite element solution

1. Shape factor approximation















Summary

• Simple model fits available data very well 
with no adjustable parameters

• But most data are for exposure situations 
where heat conduction dominates
– Short times – do not reach steady state
– Small exposed areas 

• To assess model need: 
– Extended exposures (minutes or more)
– Larger exposed areas of skin



Biological Variability

• Variable skin blood flow
• Variable transfer of heat from skin to 

environment
• Microanatomy
• Intersubject variability

• Will be very difficult to base exposure limits 
on maximum temperature increase





Implications of Work
• Thermal response is similar to that from purely 

surface heating.
• Don’t need fine anatomical detail (heat conduction 

smoothes out effects of varying SAR)
• For small irradiated areas or short irradiation times, 

temperature increase can be reliably predicted 
(conduction dominates)

• Thermal model can be useful to develop temporal 
and spatial averaging

• Need to be used in connection with more detailed 
models - FDTD


