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Abstract
The Huygens method consists on performing the

In this paper, we present a study about the diffeze direct integration of the electromagnetic field agons of the

between Gaussian beam propagation and Huygens dntghoSource over any surface, obtaining the real soiutibthe far
obtain the radiation pattern in the case of nomiat field radiation pattern in three dimensions. Insticase, the

L field distribution at the source is following a Gaian profile.
conditions. Th ti dt te radiati ttetim wi
We fix a way to determine the error in the Gaussian € equations used 1o compute radiation pa wi

b ti in thi d Kk it th is technique can be found in [6].
agzgxiﬂgggg?slggb(;lnotEhway, e cou now | On the other hand, using the formulas shown in [3]

The computational results show that it is not fibes we obtain directly the approximation of the gaussiam

to use the Gaussian propagation equation whenevwanking radlatlo_n. In p?;t'crlﬁr’ t_he .equatlons describihg gaussian
with Gaussian beams in non-paraxial conditions. expansion are the foflowing -

Introduction for 25> 2 = kaof o) = @ 1{ 27 ) 2z
. _ 2 ko
There are many applications, as for instance syste ) ]

using a quasi-optical transmission line betweersthece and K being the wave number andy the beam waist of the

the load (high power heating, material processim geramic 9aussian beam. . .

sintering), in which free space eignmodes must $ed 1], In this equation we can see that with lower valokes

[2]. These ones are the preferred choice when éifitiency, Kb the asymptotic slope will be increased, so theayiat

maximum matching and low losses on the mirror sysage Solution will not be an adequate approximation.

required. After this, to compare the two previous techniqwes
If the wave equation in free space is solved usifi§fine the following error equation over the raiiatsurface.
. . . . ) 5
paraxial condition, the gaussian beams are obtaasectsult. ZMHuy(X’ v, 2)i| _|LIJ0'O( Xy 2€| ‘
i

The exact expression can be found in [3].

Anyway, this solution is only an approximationth® 2
real solution of the wave equation in free space. Z|Huy(x, ¥ z)i|

By the way, the designers use the gaussian beams a ! o .
free space solution obtaining easily the transmisdines where|Huy(x, y, 2;| is the radiation pattern over each point of
fe_atures like p(_)si_tion and size of the mirrors._Mless, this the radiation surface obtained with the Huygenshowtand
will only be valid in the case of par_aX|aI condit® _ Woo(X, Y, Z)i| is the gaussian expansion .

In [4] and [5], an analysis between using the exac
expression for the far field pattern of a gaussaamplitude

E=

distribution with constant phase, and the paraxial Results

approximation under the form of the paraxial expi@ss for

the gaussian modes is presented. There, a valbapb is To determine if the paraxial condition is satidfieve
chosen to fix the paraxial condition. This valuegwn in [5], will calculate the theoretical errog)(for different values of
is corresponds to an 2-Dimensional error of 3%. kap. This one can be observed in figure 1. For ingancthe

In this paper, we present a paraxiality analysingi case okax=6, an error of 6.9% is obtained. Using this figure
the Huygens method versus Gaussian propagationshb@ and fixing the maximum error that we can get, tlaeagial
graphically the difference between both methods fandew condition can be found.
error values. In this way, a correct design of tlamsmission
line could be done.
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Figure 4: Surface error (%) between the Huygens and Gaussia
propagation methods (figures 3 and 4 respectivel{he case of
kan=4.

In particular, we show some results fkap=4. In
figure 2 and 3, we can see the Huygens and Gaussian
propagation radiation pattern respectively. Furtime, in [2]
figure 4, we analyse the error surface between tihe
methods. The total error is 14.8%, so we can cengltht the
paraxial condition is not satisfied.

Conclusions (3]

A comparison between the Huygens and Gaussian
propagation methods to obtain the radiation patters been [4]
proposed and analysed.

Graphical with different error values in functiarf
the kay values has been obtained. In this way, paraxial
condition can be extracted for this graphic. [3]
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