Radio- and Microwave Electromagnetic Fields
The classiﬁcation of the frequency regions of electromagnetic ﬁelds is rather arbitrary, but there are a number of physical and biophysical peculiarities which makes it reasonable to distinguish between “low” and “high” frequency. 
The spectrum of technically used frequencies of electromagnetic fields (HF = high frequency, LF = low frequency, E = extremely, S = super,  U= ultra, V = very, M = mean)
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The frequency bands which in Fig. contain the Letter “H,” in their lower part, are mostly called “radio frequency.” In the region above about 3 GHz on the other hand the term “microwaves” is used. In contrast to low frequency ﬁelds, in the HF region a splitting into the magnetic and electric ﬁeld vector is impossible. Although up to UHF frequencies it is technically possible to apply ﬁelds at least with pronounced electrical or magnetic components, in the practical use of technical devices, both components are connected. In this frequency region the so-called skin effect becomes important. This is the result of the eddy currents, induced in the conductor, cancelling the current ﬂow in the center, and reinforcing it at the surface. With increasing frequency the tendency for an alternating electric current to distribute itself within a conductor increases so that the current density near the surface of the conductor is larger than that at its core. This effect also determines the depth of penetration of high-frequency electromagnetic ﬁelds in a homogeneous body. It is characterized by the skin depth (d) which can be calculated for practical use by:
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“This skin depth (9)is the distance over which the fel intnsity decreases 1
factor of 1 = 0.368. Figure 430 indicates the function 5(v) for the following
conditons: magnetic permeability of vacuum i — 1256.10 Vs A" m- . the
magnetic permeaility number 1 — 1, and the mean conductivity of the tisuc:

65 m* (sce Fig. 3.41). It shows that thiscffct wil become importantonly
athigh frequencies (v > 10° H).

“The ditribution and penctrtion of igh-frequency clctromagnetc fclds in the
fiving body is an impartant factor in thespeutic applicaions,as wel as n all safety
considerations. However, calcultions using Eq. 4.2, and corespondingly Fig 430
only represent rough stimation offiekd penctration because they assume  body with
omogencous diclctric propertcs. Aficral i showsthat i he frequency range from
about 20 0 300 MH;.a relatvely igh absorption can occur in the whle body. At
igher frequencics, hefekd docs not penctrate decply, bt wil be absorbed mainly at
the surface s possibl, forcxampe,to stimate inthis way thatte clctromagnctic
fiekdof amobik tlephone withafrqueny of around 1 G fully poetrtesth body
of small laboraory animals,but ffcts i humns only acetan part ofthe suface. At
frequencies above about 10 Gz the absorption occurs primarly at the skin.

For detailed dosimetic considerations, particular snatomic and diclectric
peculiaites of the bovdy must be taken into account. As alrcady shown in Scct.
3,53 (Fig. 3.41), the diclcctric parameters of differnt tissucs vry to 3 large xient.
Furthermore, in contrast o the assumptions leading o the graph in Fig. 430, the
conductiviies themseves are fnctions of the frequency. To cstablish a realisic
dosimetry for high-frcucncy field cxpositon, various model calculations have
becn proposed, using the fnie-diffrence time-domain (FDTD) method. In this
case, base for example o detailed MRT-pictures ofthe body, analyses have been
donc with pixc] volumes down to 1 mm’.

In general the dosimetric calcultions arc bascd on the iniensity of the fickd
which i charactrized by the plane power density (W m ) cmitted by an cxicmal
source. In the cas of fr-field cxposure, .., at a disance from the anicona more
han twicethe wavelengih, planc wave conditions can be xpected. Furhermore, in
dosimeiric considertions resonance phenomens ofthe whole body o of parts o i
(e, the head) must be considered. The human body, if not grounded, has 3
Resonant absorption frequency close to 70 MHz. For small lsboratory animals,
such s rats o mice, the resonance frequency is comrespondingly higher.





