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FEM GFM-FS relative

q
R Re(fr) Re(fr) Im(fr) error

[mm] [GHz] [GHz] [MHz] [%]

14

120 21.532 21.535 10.454 0.0151
130 21.494 21.497 7.819 0.0161
140 21.464 21.467 6.251 0.0158
150 21.439 21.443 5.195 0.0151
160 21.419 21.422 4.433 0.0143
170 21.401 21.404 3.854 0.0136
180 21.385 21.388 3.401 0.0129

24

120 36.523 36.525 5.760 0.0060
130 36.484 36.486 4.290 0.0059
140 36.454 36.456 3.418 0.0057
150 36.430 36.432 2.836 0.0053
160 36.409 36.411 2.406 0.0050
170 36.391 36.393 2.081 0.0047
180 36.376 36.377 1.827 0.0045

33

120 50.014 50.015 3.927 0.0032
130 49.975 49.977 2.902 0.0031
140 49.945 49.947 2.294 0.0029
150 49.921 49.922 1.884 0.0028
160 49.900 49.901 1.587 0.0026
170 49.882 49.883 1.362 0.0024
180 49.866 49.868 1.186 0.0023

R = 120 mm R = 150 mm

R = 180 mm

2. Numerical results

TE modes - coefficients:
element numbers 1-16   

TM modes - coefficients: 
element numbers 17-32   

  

Eigenvectors of the Gaussian modesDefinition of the problem

Conclusions

The results of a Fabry-Perot open resonator analysis obtained from scattering matrix method involving FEM and GFM-FS were compared. Good agreement was achieved, which confirms the 
equivalence of both presented approaches. Since the use of GFM-FS is numerically significantly less expensive (at least several hundred times faster calculation) than FEM, its application 
seems to be much more efficient from a practical point of view. This aspect is particularly important in material characterization when the analysis must be 
performed multiple times (different frequency points).

  

The cascade connection of the components leads to the
following formula:

  

where

  

    is the resonant frequency,   is the vector of 
investigated mode amplitudes,      is the scattering 
matrix of the waveguide junction at             and       is 
the scattering matrix the spherical mirror. 

The problem can be solved by finding zeroes of the 
characteristic equation: 

  

Resonant frequencies

TEM0,0,14

TEM0,0,24

TEM0,0,33

finite element method
Green’s function method in free space  

  

D =100 mm
Dap = 200 mm

FEM mesh: 75 000-100 000 elements
GFM-FS:
Δφ = 5°
Δρ = 1.0 mm
  

  

Dimensions
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1. Numerical methods

Hybrid finite element methodGreen’s function method in free space

Fabry-Perot Open Resonator

Abstract—In this paper a comparative study of the computational efficiency of two 
modeling methods applied to the analysis of the plano- and double-concave 
Fabry-Perot open resonators is presented. In both numerical approaches, 
a scattering matrix method was applied, which allows splitting the analysis of the 
resonator into several sections, including the one with a spherical mirror, which 
requires the largest computing resources. Two modeling techniques were utilized to
evaluate the scattering matrix of the spherical mirror, namely, the finite element 
method and free-space Green's function method. Resonant frequencies and the 
corresponding field distributions of the selected Gaussian modes were calculated 
and compared. Good agreement between the methods was achieved; however, the 
Green's function method has occurred to be more computationally efficient. 

We assume that the fields at this port can be expressed as a sum of the modal
basis functions of a circular waveguide:

  

The mirror is illuminated with TE and TM modes normalized by the 
following coefficient (square root of power):

  

where S represents a port defined in a transverse xy-plane, m is an 
azimuthal mode order, n is a radial mode order and t in the subscripts 
denotes transverse field components.
The following relation is used to compute an equivalent electric surface 
current distribution at the mirror’s surface:

  

Furthermore the magnetic field of the scattered wave is calculated with 
the use of near-field scattering equations:

  

The scattering coefficients can be obtained using the following relation:

  

where Q is a number of modes taken into account in the analysis. The relation
between above coefficients is represented by GIM as follows:

  

Once the GIM is calculated, the scattering matrix can be determined using the 
formula:

  

Convergence - the empty resonator

Plano-concave Fabry-Perot Open
Resonator

  

Double concave Fabry-Perot Open
Resonator

  

-1

0

1

2

3

4

5

6

7

5000 10000 15000 20000 25000 30000 35000

No. of FEM cells

q = 14

q = 20

q = 24

q = 30

q = 33

F
re

q
u
e
n
cy

 d
iff

e
re

n
ce

 [
M

H
z]


	2: poster_PW+PG

