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Abstract—In this paper, we expand a theoretical framework for 
modelling standing waves in millimeter/submillimetre optical 
systems. Standing waves or multiple reflections have been 
traditionally difficult to model but this analytical method proves 
to be very versatile in dealing with reflections between typical 
quasioptical components such as lenses, apertures and mirrors.  
Using a full multi moded description of the feed horn (typically a 
corrugate horn), which is then transformed to equivalent free 
space Gaussian modes, a full mode matching scattering matrix 
approach is utilized to analyze any optical path/element, in which 
track is kept of both the backward and forward propagating 
components of the fields. We present an analysis of the reflected 
power from complicated cascaded optical apertures in a situation 
similar to a stray light baffle. Interesting constructive and 
destructive interference conditions can be observed from these 
structures and can be uniquely modelled with the presented 
theoretical technique.  

Index Terms—Gaussian beam mode analysis, scattering 
matrix, quasioptical system, standing waves. 

I. INTRODUCTION

HE now standard theoretical framework for quasioptical 
beam guide systems based on Gaussian beam mode 

analysis [1] can be successfully extended to include partial 
reflections and standing waves in THz optical systems fed by 
horn antennas. Propagation in the uniform waveguide and 
beamguide sections of the system can be accurately described 
in terms of the corresponding modes, with the effects of any 
discontinuities modelled using a mode matching approach [2]. 
By combining free space propagation using Gaussian beam 
mode analysis [3] with waveguide modes in the horn, complete 
optical systems can be analyzed [4]. In the modal view of 
propagation, waveguide modes are transformed at the horn 
aperture to free space Gaussian modes that subsequently 
propagate through the optics. Both because of truncation and 
aberrational effects, realistic optical components disturb the 
modal propagation. At such optical components power is 
scattered between modes. These components are broken down 
into a combination of standard elements, each with its own 
specific scattering matrix. These scattering matrices are then 
cascaded together to form a complete description of the optical 
system. Similarly, an optical system can be divided into a 
sequential arrangement of these optical elements, which can be 
cascaded together to give the complete scattering matrix 
description of the optical path. The effect of this system on the 

beam can be described in terms of transmission and reflection 
coefficients for the forward and backward propagating modes.
This method forms the basis of a theoretical method to analyse 
multiple reflections.

II. THEORY

The mode matching technique can be regarded as a method for 
obtaining the overall transmission and reflection of any optical 
path element, or the optical system as a whole. The optical 
system is comprised of a sequential series of optical 
components, each with a scattering matrix which describes the 
distribution of power carried by the incident field between the 
adjacent modes. A set of column matrices represents the mode 
coefficients of the forward and backward propagating modes. 

We let the matrices [A] and [B] represent the incident and 
reflected mode coefficients as viewed from the input port of 
the system, and the matrices [C] and [D] represent the incident 
wave from the right (output) side of the system and the 
transmission coefficients respectively. The mode coefficient 
are related through the following equation [1]

(1)
where [S] is the scattering matrix describing the system., 
which is itself comprised of sub matrix components 

(2)

Theoretically, the dimensions of these matrices can run to 
infinity, but for computational practicality we limit them to a 
finite size. Combining equations (1) and (2), we get 

(3)
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Fig. 1.  The scattering matrix S describes a modular section of a 
quasi-optical system and relates the coefficients on the input side 
(left) to the coefficients on the output side  (right hand side)


















][

][
][

][

][

C

A
S

D

B











][][

][][
][

2221

1211

SS

SS
S




















]][[]][[

]][[]][[

][

][

2221

1211

CSAS

CSAS

D

B



A-iAx5-7G3X 2

It is a reasonable assumption that there will be no incident 
field towards the output port of the system, essentially making 
the coefficient set [C] equal to zero.

(4)

The input mode coefficients describing the feed horn [A] are 
written as a column matrix of finite size corresponding to the 
number of modes used. 

Scattering matrices describing sequential elements in the 
optical path are cascaded together in the following manner. Let 
[Sa] and [Sb] be two such scattering matrices, 

(5)

and the cascaded matrix is [Sc], 

(6)

The sub matrices of [Sc] are given by [5]

        (7)

This cascade matrix approach can be applied to the entire 
optical system, giving a complete modal description of the 
field at the output of the system. 

III. SYSTEMS ANALYSED

In previous papers analysis of various common optical 
components used in quasioptical systems such as circular 
apertures, central blockages and classical examples such as a 
Fabry-Perot interferometer were investigated. We also have 
illustrated an experimental verification in a simple optical 
system [4]. 
In this paper we apply the theory to a more complicated 
optical system such as a stray light baffle as illustrated in 
figure 2. We model a stray light baffle as a series of annular 
rings and using equation 7 above apply the scattering theory to 
obtain an overall reflection and transmission profile for such a 
structure. Interesting interference effects dependent on the 
relative path length between the individual rings can be 
demonstrated. Figure 3 shows the reflected power in terms of
both total power and also power contained in the fundamental 
mode as compared to the reflected power (S11) with the 
corrugated horn structure itself.

.
Fig. 2.  A series of annular rings in series are used in the model to represent a 
stay light baffle pipe. A full reflection and transmission analysis can be 
carried out on each of the rings in turn to obtain an overall reflection 
characteristic.
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Fig. 3.  The reflected power from a baffle containing six rings of 2 incident 
beam radii. The S11 from the horn itself is shown together with the power 
contained in the equivalent fundamental Gaussian and the total power. By 
varying the inter ring distance relative interference effects are also observed.

IV. CONCLUSIONS

In this paper the developed code based on Gaussian Beam 
Mode Analysis to model multiple reflections or standing 
waves is extended to model complicated structures such as a 
cascaded series of circular apertures similar to the structure of 
a stray light baffle often used in optical systems.
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