
To the Editor: 
In the article titled “Electromagnet- 

ics, Heat Transfer, and Thermokinetics 
in Microwave Sterilization,” (September 
20011, Zhang et al. simulated the steril- 
ization of solid foods in microwave radi- 
ated systems using two separate finite- 
element programs. The first program 
was used to solve Maxwell’s equations, 
and the second one was used to solve 
the heat balance equation. 

In this letter I do not wish to make 
any criticism about the article pre- 
sented. In fact in my opinion, this arti- 
cle is not only very clear, but also repre- 
sents a fundamental stage in the study 
of the use of microwave radiation to  
promote the evolution of chemical and 
biological transformations. I also found 
very interesting the use of the chemical 
markers made in the article to  obtain 
experimental results. 

In spite of these main considerations, 
a limitation can be highlighted. The so- 
lution of Maxwell’s equations and the 
heat balance equation needs to be con- 
sidered and solved together, since they 
are linked by the power (Eq. 8 in the 
article) and by the dielectric properties 
of the food which change, as the tem- 
perature changes. However, both elec- 
tric and magnetic fields that give the 
power transmitted by the radiation 
completely change 2.45 billion times in 

one second. The other variable, the 
temperature, provides a change capable 
of giving a significant variation of the 
dielectric properties in a time that is 
millions of times greater than that typi- 
cal of the radiated power (which 
changes with the frequency of the elec- 
tric field). In these conditions, I believe, 
it would have been easier (and, from an 
engineering point of view, equally cor- 
rect) if the electric and magnetic fields 
are considered constant and their value 
equal to E,,, and to H,,, (where 
E,,, and H,,, are the effective elec- 
tric and magnetic values, respectively). 

If this conclusion is accepted, one can 
calculate the electric and the magnetic 
excitation reduction as the radiation 
gets into the food container; the local 
amount of the variable can be obtained 
from t h e  equat ion (Metaxas and  
Meredith, 1993). 

I n  this equation E is the value of the 
electric field a t  the position ( R  - r ) ,  
where K is the external radius of the 
food container and E,,, is the effec- 
tive electric field for r = R; a similar 
equation can be written for the mag- 
netic field H .  The variable cy, the at- 
tenuation factor, can be calculated us- 
ing the relation (Metaxas and Mered- 

ith, 1993) 

in this equation p,) and p’ are, respec- 
tively, the magnetic permeability in free 
space and the real part of the complex 
magnetic permeability. The symbol is 
used to represent the dielectric con- 
stant in  the free space, E’ is the relative 
dielectric constant, E,,,, is the imaginary 
part of the complex permeability (also 
called effective loss factor), and the 
symbol w represents the angular fre- 
quency. 

Even though this limitation is of sec- 
ondary importance to  the general 
meaning of the article, we can quote 
Lord Rutherford’s words and say that, 
“I t  is like shooting a gun to make a hole 
in a sheet of paper.” 
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