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Abstract 
 

The main purpose of this paper is to investigate the behavior of the electromagnetic field in the region of “near-field reactive” or 
“very-near field”. In this unusual and rather unknown region, trying to explore the specific characteristics of the radiated fields, the 
wave impedance, and the power density. Based on this parameters, it is succeed in determining, the outer boundary of the “very-
near field” region of a circular aperture with a uniform illumination law. The big interest of the “near-field reactive” due to the fact that 
the antennas for physiotherapy are located very close to the human body and the propagation of the electromagnetic waves is pre-
cisely in this field. The study and visualization of the electromagnetic field would lead to more effective treatments to patients. 

 
 

1. INTRODUCTION 
 
Two main regions can be divided into the space 

around the antenna: far field and near field. In the 
far field, electric and magnetic fields propagate 
outside as an electromagnetic wave and are per-
pendicular to each other and to the direction of pro-
pagation. The angular field distribution does not de-
pend on the distance from the antenna. The fields 
are uniquely related to each other through free-spa-
ce impedance and decay as 1/r. In the near field, 
the field components have different angular and 
radial dependence. The near field region includes 
two sub-regions: radiating, where angular field dis-
tribution is dependent on the distance, and reactive, 
where the energy is stored but not radiated. 
 
2. THEORETICAL SOLUTION 

 
The first in the “far-field” region, at distances 

greater than 2D2/λ, where the angular field distribu-
tion is independent of the distance from the antenna 
and the radiated wave is spherical. The second is 
the “near-field radiating” (Fresnel) region, at dis-
tances less than 2D2/λ, wherein the angular field 
distribution is dependent upon the distance from the 
antenna. In this region, the radiated wave, which is 
first a plane wave, is progressively transformed into 
a spherical wave. The third is the “near-field reac-
tive” region, located between 0 and λ/2π from the 
antenna, wherein the reactive field predominates. 

For circular aperture is determinated the “very-
near-field” region as an interference region, inside 

which the radiated wave presents the following 
characteristics: the electric and magnetic fields are 
out of phase; the wave impedance is different from 
120π (i.e., the free-space impedance); and the po-
wer density has a complex formulation, with a real 
part and an imaginary part. This region is extended 
up to one-quarter of the Rayleigh distance: up to 
D2/8λ. 

 

       (1) 
 

               (2) 
 

where Z0 is a wave impedance and Z0 = 120π, r is a 
distance,  is the unit normal to the surface. 
Consequently, the Poyting vector , is 

a complex vector. A direct computation of this has 
shown us that for various apertures the real and the 
imaginary parts of  are nearly equal. So, can say 
that at the distance r = λ/2π there is as much 
reactive as active power density. Thus, this distan-
ce cannot represent the end of the “near-field-reac-
tive” region. It seems more convenient to investi-
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gate the distance at which the ratio between the 
reactive and the active power density becomes 
lower than -30dB,for example. Beyond this distance 
could consider that the reactive power density is 
negligible. Moreover, for the same reason as why  
is complex, the wave impedance, which is the ratio 
between E and H, is also complex. This feature 
could also characterize the “near-field-reactive” re-
gion. 

So,I think that the distance beyond which 
 The reactive power density is negligible 
 The wave impedance is equal to 120π 

Would really show the limit of the “near-field-
reactive”region. 

The fact that these two electromagnetic charac-
teristics,  and Z, are complex is linked to an inter-
ference phenomenon of the fields near the apertu-
re. In the reference case of a circular aperture with 
uniform illumination, such interference is note-
worthy, and may be interpreted thanks to the 
Huygens – Fresnel principle.  This will allow us to 
conclude that the “near-field-reactive”region is 
located between 0 and D2/8λ, i.e. one – quarter of 
the Rayleigh distance. 

 
3. ELECTROMAGNETIC PARAMETERS OF THE 

“VERY-NEAR-FIELD” REGION OF A CIRCU-
LAR UNIFORM APERTURE 
 
If we compare the interference lobes of the E 

and the H fields for a 5λ – radius aperture with a 
uniform illumination, can see that the E and H 
maximum magnitudes are not exactly similar. We 
can then assume that these two fields are not 
exactly in phase. Figure 1 shows the phase shift 
between the E and H fields. This difference, first 
equal  to π/8, tends to zero when the observation 
poin moves away from the aperture. So, close to 
the aperture, the E and H fields are out of phase. 
Each peak of the plot  (Figure 2) corresponds to a 
minumum of the interference lobes of the field mag-
nitude. The last one, located at one – quarter of the 
Rayleigh distance, points to a phase difference 
about 2˚, beyond, the fields can be consedered to 
be in-phase.  

The first consequence of this shift is that the 
wave impedance is complex, and therefore different 
from the free – space propagation impedance, 
which is Z0 = 120π. The presence of some reactive 
power is the second consequence. Indeed, the po-
wer density is complex in this region, and it under-

lines the presence of a stationary wave,confined 
near the surface, in addition to a travelling wave 
that radiates. Both features are characteristics of 
the “very-near-field” region. 

 

 
Figure 1. The E and H interference lobes in the “very-near-

field” region of a 5λ radius aperture. 
 

 
Figure 2. The phase shift between the E and H fields. 

 
3.1. Wave Impedance 
 
Concerning the wave impedance, is used a cri-

terion that is the relative differce between Z and Z0, 
that is |Z - Z0| / Z0, where Z = E/H is the complex 
wave impedance and Z0 = 120π. Point out that clo-
se to the aperture, Z is different from Z0, and it is 
considered that outside the  “very-near-field”region, 
the wave impedance has to be equal to Z0. To 
characteriza the “very-near-field”region of a dipole 
antenna,the limiting value has been set there to be 
0.01. 

Figures 3a, 3b and 3c show the variations of this 
criterion on the central perpendicular axis of the 
circular apertures studied in the previous section. 
They also present definite peaks, corresponding 
once again to the minima of the field magnitude. It 
is noticed that the value of the criterion, 0.01, is 
reached exactly for one – quarter of the Rayleigh 
distance, i.e.,just after the last peak, for the 5λ 
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radius aperture, and just on the last peak for the 
10λ and the 25λ radii apertures. Further than one-
quarter of use Rayleigh distance, the criterion will 
be less than this limiting value, and we can consider 
that Z and Z0. 

 

 
Figure 3a. The wave impedance criterion for 5λ radius  

circular aperture (Rr/4 = 12,5λ). 
 

 
Figure 3b. The wave impedance criterion for 10λ radius  

circular aperture (Rr/4 = 50λ). 
 

 
Figure 3c. The wave impedance criterion for 25λ radius  

circular aperture (Rr/4 = 312,5λ). 
 

3.2. Power Density 
 
The criterion is used relative to the power den-

sity is the ratio of the imaginary and the real parts of 
the Poynting vector in the direction of propagation. 
This ratio, characterizes the presence of reactive 
power near the aperture and a pertinent limit value 
was set at -30dB (i.e.,10-3 in linear value). Indeed, 
for such a proportion can consider that the reactive 
power is negligible, and so conclude that outside 
the: very-near-field”region there is no more reactive 
power. 

Figures 4a,4b and 4c illustrate the variations of 
the power-density criterion on the central perperdi-
cular axis of the same circular apertures as in 
Section 3.1. For the wave-impedance criterion can 
notice that the limiting value of the power-density 

criterion is reacherd for one-quarter of the Rayleigh 
distance,i.e.,just after the last peak for the 5 λ and 
10 λ radii apertures ,or just on the last peak for the 
25 λ radius aperture. 

 

 
Figure 4a. The power density criterion for 5λ radius  

circular aperture (Rr/4 = 12,5λ). 
 

 
Figure 4b. The power density criterion for 10λ radius  

circular aperture (Rr/4 = 50λ). 
 

 
Figure 4c. The power density criterion for 25λ radius  

circular aperture (Rr/4 = 312,5λ). 
 
3.3. Transverse Section Analysis in the  

             “Very-Near-Field” Region 
 
On the next figures are shown the variations of 

these criteria, not only along the central perpendicu-
lar axis, but also on the transverse planes. Figures 
5a, 5b and 5c, concern the wave – impedance cri-
terion for the aperture for 10 λ radius, and Figures 
6a,6b and 6c illustrate the power-density criterion. 
For such an aperture, we saw that the upper boun-
dary of the “very-near-field”region was located at 50 
λ. These  graphics display the variations of both cri-
teria on the transverse planes, located at distances 
of 15 λ and 30 λ from aperture – thus,inside the “ve-
ry-near-field” region - and at a distance of 60 λ, out-
side this region.The radiation in the “near-field or 
Rayleigh”region in concentrade in a tubular beam. 
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That is the reason why the transverse views are 
focused on this beam inside a circle of 10 λ radius. 

 

 
Figure 5a. The variations of wave impedance criterion for 10λ 
radius aperture (Rr/4 = 50λ) on the transverse plane at 15λ 

from the aperture. 
 

 
Figure 5b. The variations of wave impedance criterion for 10λ 
radius aperture (Rr/4 = 50λ) on the transverse plane at 30λ 

from the aperture. 
 

 
Figure 5c. The variations of wave impedance criterion for 10λ 
radius aperture (Rr/4 = 50λ) on the transverse plane at 60λ 

from the aperture. 

 
Figure 6a. The variations of power density criterion for 10λ 
radius aperture (Rr/4 = 50λ) on the transverse plane at 15λ 

from the aperture. 
 

 
Figure 6b. The variations of power density criterion for 10λ 
radius aperture (Rr/4 = 50λ) on the transverse plane at 30λ 

from the aperture. 
 

 
Figure 6c. The variations of power density criterion for 10λ 
radius aperture (Rr/4 = 50λ) on the transverse plane at 60λ 

from the aperture. 
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The transverse views in Figures 5 show that the 
impedance criterion, really disturbed inside the 
beam for a short observation distance, is higher that 
the limitinig value of 0.01. According to these varia-
tions can conclude that inside the “very-near-field” 
region, Z isn’t equal to Z0. It tends to be uniform 
movinig away up to the “very-near-field”region 
boundary (50 λ). At 60 λ – so just after this limit – 
can see that almost everywhere in the tubular beam 
the wave – impedance criterion is less than 0.01. 
There, Z is equal to Z0. 

The power-density criterion presented in Figures 
6 lead to the same conclusions as the impedance 
criterion. At 15 λ, the ratio of the reactive power 
density is not negligible compared with the active 
power density, and up to 50λ, note some reactive 
power. So,all along the “very-near-field” region, 
there is still reactive power, first comparable to the 
active power, and then more and more negligible.  
At 60λ from the aperture and in the tubular beam of 
10 λ radius, there are as many points where the 
reactive – power criterion is greater than -30dB as 
points where this criterion is less than -30dB. But 
can clearly see that the levels less than – 30 dB 
often decrease down to -50dB, whereasa for only a 
few points do the levels greater than – 30dB reach -
20dB. So, can say that the mean level is lower than 
-30dB. Outside the “very-near-field” region, there is 
no more reactive power. 

 
4. CONCLUSION 

 
We can state that for a uniform circular aperture, 

the behavior of the criteria along the central axis is 
representative of what happens inside all of the 
tubular radiated beam. In view of these results can 
claim that the criteria for the wave impedance and 
the power density and their limiting values are 
adequate to define the boundary of the “very-near-
field” region at Rr/4. So getting to know the electro-
magnetic field with its characteristics can more 
easily focus antennas for physiotherapy, which will 
result in more effective treatment of the patient. 
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