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FOREWORD

This report is a result of the joint efforts and collaboration between
the staff of the University of Colorado at Boulder and the Electromagnetic
Fields Division of the National Bureau of Standards (NBS) in establishing a

theoretical basis for the mode-stirred (reverberating) chamber. This work
was a part of the doctoral dissertation work undertaken by D. I. Wu. The

project was sponsored by NBS under the technical supervision of Professor
David C. Chang of CU and Dr. Motohisa Kanda and Dr. Mark Ma of NBS.

The goals of this project are to understand analytically the effect of
a rotating scatterer or a stirrer in a large rectangular cavity and to

provide analytical tools usable in the design of an effective stirrer. The
focus of this report is on a large scatterer. By examining the fundamental
properties associated with a perturbing body in a cavity, we investigate the
key factor which governs the effectiveness of a given stirrer. This key
factor, as will be described in this report, is the shifting of the

frequencies of the eigenmodes.

To illustrate the effect of eigenfrequency shifting, we use the
Transmission-Line-Matrix method commonly used in waveguide analysis. The
simplicity inherent in this method makes it a useful tool to analyze the
effectiveness of any stirrer. By examining a 2D cavity with a ID perturbing
body, we observe an interesting analogy between the action of a large
stirrer and a frequency modulator.

Previous publications under the same effort include:

Tippet, J. C; Chang, D. C. Radiation characteristics of dipoles
sources located inside a rectangular coaxial transmission line. Nat.
Bur. Stand. (US), NBSIR 75-829; 1976 January.

Tippet, J. C; Chang, D. C; Crawford, M. L. An analytical and
experimental determination of the cut-off frequencies of higher-order
TE modes in a TEM cell. Nat. Bur. Stand. (US), NBSIR 76-841; 1976
June

.

Tippet, J. C. ; Chang, D. C. Higher-order modes in rectangular coaxial
line with infinitely thin inner conductor. Nat. Bur. Stand. (US),

NBSIR 78-873; 1978 March.

Sreenivasiah, I.; Chang, D. C. A variational expression for the

scattering matrix of a coaxial line step discontinuity and its

application to an over moded coaxial TEM cell. Nat. Bur. Stand. (US),

NBSIR 79-1606; 1979 May.
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Tippet, J. C; Chang, D. C. Dispersion and attenuation characteristics
of modes in a TEM cell with a lossy dielectric slab. Nat. Bur. Stand.

(US), NBSIR 79-1615; 1979 August.

Sreenivasiah, I.; Chang, D. C; Ma, M. T. Characterization of
electrically small radiating sources by tests inside a transmission
line cell. Nat. Bur. Stand. (US), NBS Tech Note 1017; 1980 February.

Wilson, P. F. ; Chang, D. C; Ma, M. T. Excitation of a TEM cell by a

vertical electric Hertizian dipole. Nat. Bur. Stand. (US), NBS Tech
Note 1037; 1981 March.

Sreenivasiah, I.; Chang, D. C; Ma, M. T. A method of determining the
emission and susceptibility levels of electrically small objects using
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Wilson, P. F. ; Chang, D. C; Ma, M. T. Input impedance of a probe
antenna exciting a TEM cell. Nat. Bur. Stand. (US), NBS Tech Note
1054; 1982 April.

Liu, B. H. ; Chang, D. C; Ma, M. T. Eigenmodes and the composite
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The Effect of a Large Rotating Scatterer
in a Rectangular Cavity

Doris I. Wu and David C. Chang

Electromagnetic Fields Division
National Bureau of Standards

Bouder, CO 80303

In a mode-stirred chamber, the field in the cavity is

perturbed with a stirrer or rotating scatterer so that the

time-averaged field is constant. In this report, we
investigate the key factor which governs the effectiveness of
a stirrer. By examining the fundamental properties
associated with a perturbing body in a cavity, we find that
the key to effective field perturbation lies in shifting the

eigenmode frequencies. When the perturbing body becomes
large, the shifting may be large enough that the new
perturbed modes no longer resemble the original unperturbed
modes. In effect, as this body rotates, different perturbed
modes may be excited, thus introducing randomness into the

system. We illustrate this phenomenon by examining a 2D
cavity with a ID perturbing body. Using the Transmission-
Line -Matrix (TLM) method, we compute the shifting of
eigenfrequencies and the variation on the magnitude of the
fields for different stirrer sizes. From this analysis, we
draw useful insights which include an analogy between the
action of a large stirrer and a frequency modulator.

Key words: cavity perturbation; eigenfrequency ; frequency
shifting; mode -stirred chamber; perturbed eigenmode; stirrer;
TLM method.

I. Introduction

In assessing the electromagnetic compatibility of an electronic device,

we often perform tests on the susceptibility of the device to external

electromagnetic field in a well defined, nonrandom environment such as a TEM

cell [1] or an anechoic chamber [2]. Since the operational principles of

these facilities rely on a single (dominant) mode propagation, the

distribution and the polarization of the fields in these environments are

invariant with time. To find the worse-case interference, it is necessary

^Department of Electrical and Computer Engineering, University of Colorado,

Boulder, CO 80309 1



to rotate the device under test in various orientations to maximize

coupling. In an attempt to eliminate the need to rotate the device being

tested, we seek ways to establish an environment where the field at any

location is uniformly random in time. By uniformly random we imply that the

magnitude of each component of the field at each point in this environment,

when sampled over a period of time, can be characterized by approximately

the same maximum, minimum, and average. This uniformity feature, which in

effect decreases the dependence of the device under test on its orientation

as well as its location in the cavity (provided that the device is not

located near any one of the cavity walls) , is especially beneficial in

electromagnetic interference testing.

Many researchers have shown experimentally that a uniformly random

environment can be created by rotating a large scatterer, or a stirrer, in a

large rectangular cavity [3,4]. Such a cavity, often called a mode-stirred

or a reverberating chamber, has long been used by people in the

electromagnetic compatibility area. In designing a stirrer for the mode-

stirred chamber, the conventional approach is a trial-and-error

,

experimental process. To be able to design a good stirrer, we must know the

factors which govern the effectiveness of a given stirrer. By examining the

effect of a rotating scatterer in a rectangular cavity, in this report, we

seek the key mechanism which causes the fields in the cavity to become

uniformly random. In doing so, we hope to gain insights on other alternate

methods that can be used in place of a stirrer in a rectangular cavity.

The analysis of a scatterer in a rectangular cavity begins with a small

stirrer, that is, a scatterer with dimensions less than, or comparable to, a

wavelength. However, since the results of the small stirrer analysis has

been reported elsewhere [5,6], only a brief summary will be included in this

report. The focus of this report will be on the effect of a large stirrer,

or a stirrer with dimensions greater than a wavelength.



II. Small Body Perturbation

To summarize some of our earlier work, we examined the rationale for

starting with a small stirrer. Without a stirrer, the field in the cavity,

generally referred to as the incident field, is well behaved. The spatial

variation of the field in an empty cavity operating in the multi-mode

frequency range can be as high as 40 dB from point to point. In order to

perturb this time -invariant, nonrandom nature of the incident field, we

sought to maximize the scattered field, which was the field induced by the

stirrer. Since the scattered field is proportional to the current induced

on the stirrer, and the induced current is maximum when the stirrer is in

resonance, we chose to start with a narrow half -wave resonating plate as the

stirrer (see fig. 1). In other words, the first question we posed was

whether or not the resonance of the stirrer was the key mechanism behind an

effective field perturbation.

The analytical methods we used to study a small stirrer included using

the method of moments to examine the distribution of the current induced on

a narrow resonating plate by an incident mode in a rectangular cavity.

Using this knowledge to select a proper trial current, we formulated a

variational expression for the scattered field. Detailed derivations of the

scattered field can be found in [6]. For a given stirrer, the scattered

field was then computed numerically and compared to the incident field.

Our numerical computations and experimental verification led us to the

conclusion that a small resonating stirrer could not produce a scattered

field large enough to perturb the incident field effectively. Therefore, a

small stirrer does not have the capability of producing a uniformly random

field.

Since the resonance of the stirrer failed to be the key mechanism for

an effective field perturbation, we continue our search by increasing the

size of the stirrer.



III. Large Body Perturbation

In searching for a strong perturbation, we turn now to an electrically

large stirrer. For large stirrers, conceptually, all the analytical methods

and procedures we used for the small stirrer analysis are still applicable.

However, when the stirrer dimensions exceed two wavelengths, numerical

computations of the induced current and the fields become extremely time-

consuming and complicated. Therefore, instead of following the same

procedure, we pause to re-examine some of the fundamental properties

associated with a perturbing body in a cavity. In particular, we seek those

features that are accentuated when the size of the perturbing body becomes

large. We postulate that these accentuated features might also be the

governing factors behind a strong perturbation of the incident field.

Consider a new cavity as shown in figure 2 where the perturbing body is

included as a part of the cavity structure. The fields in this new cavity

can be expanded using a new set of orthogonally perturbed mode functions

[7,8]. These perturbed mode functions differ from the unperturbed mode

functions in that they satisfy the boundary conditions on the perturbing

body surface as well as on the cavity walls . Corresponding to each new

perturbed mode function is a new perturbed eigenmode frequency. In essence,

the effect of a perturbing body inside a cavity can be reflected through a

new set of shifted eigenfrequencies and mode functions. In general, the

amount of the shift for each eigenfrequency depends on the size of the

perturbing body. When the size of the perturbing body becomes large, the

shift for each mode will also become sensitive to the location and the

orientation of the body in the cavity. The implication of this fundamental

feature is that as this large body rotates , the amount of frequency shift

for each mode may vary continuously. Since a shift in the eigenfrequency

also implies a change in the mode field distribution, this continuous

frequency shifting of eigenmode may result in the excitation of different

perturbed modes at different angular positions of the body when the

perturbed cavity is excited at a fixed frequency. Certainly at high



frequencies where mode spacing is small, this kind of phenomenon has the

potential of introducing randomness into the system.

The effect of mode shifting can best be seen by examining the

distribution of modes about the operating frequency for a given cavity.

Figure 3a is a cross-sectional view of the mode distribution near the

operating frequency k in the normalized frequency plane. For a cavity with

a finite composite Q [9], the bandwidth, AF, of the cavity is finite and can

be represented by a spherical shell shown in figure 3a. If we are operating

in the multi-mode frequency range when this cavity is excited at k , all

those modes that fall within this shell are the dominant constituents of the

field in the cavity. Placing a foreign body inside this cavity will cause

these eigenmodes to shift. For a small body, such a narrow half -wave plate,

the amount of shift for each mode is very small, almost negligible. As this

plate is rotated, those modes that fall within the finite bandwidth- shell

remain essentially stationary, so that the same set of excited modes remains

the dominant modes regardless of the position of the plate. Therefore, very

little randomness is induced. If we start to increase the size of the

perturbing body, the amount of the shift for each mode will start to

increase. At some point, these shifts will be large enough that each mode

starts to shift in and out of the band (see fig. 3b). Consequently, when

the cavity is excited at k , different modes will be excited as this body
o J

rotates. This random excitation of the perturbed modes is what we presumed

to be the key process that introduces randomness into the cavity.

Therefore, we postulate that the key mechanism behind an effective stirrer

lies in the shifting of eigenfrequencies

.

To check on the impact of eigenfrequency shift, we consider an extreme

case. The easiest way to generate eigenfrequency shifts is to change the

dimension of an empty cavity by a small amount. Thus, we perform a simple

numerical simulation whereby we let one of the cavity walls be the stirrer,

and instead of angular rotation, a lateral movement of the stirrer is

employed. For this numerical exercise, the excitation frequency is fixed at

1 GHz (A = 0.3 m) , and the dimensions of the original cavity are a - 15.23



A, b - 10.17 A, c - 9.13 A. Starting with b = 10.17 A, we move the wall

parallel to the x-z plane discretely in 20 uniform steps for a total

distance of one wavelength. Since the dimension of the cavity changes at

each stirrer position, a new set of modes with shifted frequencies is

A

generated correspondingly. Using an x-directed unit point source to excite

the cavity, we can express the field in the cavity in a modal form and can

compute it easily using the hybrid representation of the dyadic Green's

function for a rectangular cavity [10] . Figure 4 is a plot of the

2 2 2 1/2
resultant E = [E +E +E ] , obtained by averaging over the 20 discrete

increments of the moving wall at 22 randomly selected observation points.

The incident E field, which is the field obtained in the original

stationary cavity, is also included on the same plot. As can be seen, when

the field is averaged over all possible stirrer/wall positions, the

resulting averaged field, denoted by < E > , exhibits a uniform feature.

Having identified the potential effect in the shifting of

eigenfrequencies , we would like now to have a simple method that would allow

us to examine the eigenfrequency shifts associated with a more realizable

stirrer. The traditional approach to finding the eigenfrequencies of an

arbitrarily shaped cavity is to use the method of moments. This approach is

based upon an integral equation which leads to a matrix eigenvalue problem

when the method of moments is applied [11] . Though it gives accurate

solutions, this method requires a very long computation time, especially

when many higher- order modes are needed. Another more recently developed

approach to solving the eigenfrequencies of an arbitrary shape waveguide or

cavity is the Transmission- Line -Matrix (TLM) method, which is a time-domain

numerical method first proposed in 1971 by Johns and Beurle to analyze a

waveguide of arbitrary shape [12]. Since then many authors have expanded

this method to include homogeneous and inhomogeneous lossy dielectric

mediums [13-16] . The two-dimensional TLM method has also been extended to

three dimensions to include a cavity of arbitrary shape and medium [17,18].

The simplicity inherent in this method makes it a much more appealing and



viable approach than the method of moments. Since the principles behind a

3D TLM method are similar to those for a 2D TLM method, a brief summary of

the 2D TLM method for the simplest case of a homogeneous medium will be

given below.

a) TLM Method

The TLM method is an iterative method where the propagation of the

plane waves in a specific medium or structure is modeled by a Cartesian mesh

of transmission lines with shunt connections at each node (see fig. 5).

Using a lumped- element model for each shunt node section as shown in figure

6, we can establish an equivalence between the voltage and the E component

of a TM wave in the cavity (or the H component of a TE wave) , and the

current and the H-field (or the E-field). To excite the network, an impulse

source can be placed at a selected node in the TLM mesh (see fig. 7a)

.

Since all four branches of a node have the same characteristic impedance,

this impulse will be scattered and reflected equally in all directions (see

fig. 7b) . The reflected pulses from each node become the incident pulses of

the neighboring nodes and the process is repeated iteratively. Each

iteration corresponds to a unit of time (At) required for a pulse to travel

from one node to the next. By tracking the voltage and the current at every

node throughout the mesh as a function of discrete time, we can simulate the

propagation of the plane wave in the discrete time mode.

For the more general case of four impulses incident on the four

branches of a node, the scattering process can be obtained by superposition

of the single incident case. If we let V- , V_ , V_ , and V. denote the
n 1 n 2 n 3 n4

incident voltage impulses at time t - nAt on any junction node, then the

reflected voltages at time (n+l)At can be described by the following

scattering matrix equation [14]:
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Since the reflected impules at a node automatically become the incident

pulses on the neighboring nodes , a relationship can be established between

the incident voltages at a node (x,y) and the voltages of the neighboring

nodes, that is,

n+iVx 'y> n+1
V
3
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n+lV X^ -n+l
V
2
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Therefore, by initiating the magnitudes, directions, and the positions of

the excitation sources at t —
, we can obtain the corresponding values of

voltages at any given observation node, and at any successive time intervals

by iterating equations (1) and (2) at each node in the network. The output

function of the TLM method is a series of discrete impulses of varying

magnitudes representing the response of the system at a specified

observation point as time progresses. This output function corresponds to a

discrete sampling of the E-field (or the H-field), sampled in the time

domain, at a specified observation point. The frequency response at any

frequency range can be obtained by performing the discrete Fourier transform

on the output function. For any closed structure, the frequency response

represents the mode spectrum of the structure. Intrinsic eigenmodes of the

structure are reflected through the distinct peaks appearing in the

frequency spectrum.

Because of the simplicity inherent in this method, one of the main

advantages of the TLM method is that it can be used to analyze complicated

structures with little difficulty. Depending on the property of the medium

or the complexity of the waveguide structure, we can assign appropriate



reflection and transmission coefficients at each node in the network. For

example, if we represent the electric field in space by the voltage in the

transmission line network (that is, a TM wave), then the boundaries in the

TLM network would be the same as those in the real structure. So a

perfectly conducting boundary in space can be simulated by a reflection

coefficient of -1 for the voltage impulses. For a TE wave, the voltage in

the network represents the magnetic field; therefore the boundaries in the

TLM network are dual to those in the real structure. For this case, a

perfectly conducting boundary in space is simulated by a reflection

coefficient of +1.

As with any numerical method, the TLM method is subject to various

sources of errors. These sources of errors are discussed in [19]. The two

major ones are the truncation error and the velocity error. The truncation

error is caused by the finite time steps used to monitor the output

function. When the Fourier transform is performed on a finite series to

obtain the frequency response, the result is not a line spectrum but a

superposition of (sinx)/x functions. The sidelobes of (sinx)/x functions

may interfere with each other causing a shift in the maxima, and thus a

shift in the eigenfrequency . This truncation error can be minimized by

suppressing the sidelobes using a Hanning window and increasing the

iteration time steps [20]. The second major error, the velocity error,

stems from the assumption used in the TLM method that all fields propagate

with the same velocity in all directions. Propagation velocity in the TLM

mesh depends on the direction of propagation as well as frequency. Figure 8

is a plot of the dispersion relation between the normalized velocities on

the matrix and the normalized frequency for different propagation

directions. On this plot, V is the propagation velocity in the network, c

is the speed of light in free space, and A is the free -space wavelength.

From this figure we can see that for Ai/A « 0.25 or for modes propagating

in the diagonal direction, the propagation velocity in the network can

assumed to be a constant that differs from the free space velocity by a

factor of J 2, that is , v - c / J2. Therefore, for nondiagonally



propagating modes, the assumption of equal propagation velocity is valid

only when the wavelength in the TLM network is large compared with the

network mesh size Ai . To minimize velocity error, Ai must be chosen

appropriately. If the response over a frequency band is of interest, a

common guideline for waves propagating in the axial direction is to choose

Ai/A « 0.25, where A is the wavelength corresponding to the highest

frequency of interest. For waves propagating along the diagonal direction,

a less stringent requirement of Ai/A < 0.25 can be used.

b) Numerical Examples

To illustrate tbe use of the TLM method, we consider a cavity with a

perturbing body. Since our purpose is to capture the essence of effective

field perturbation, we revert to a 2D cavity with a ID perturbing body for

illustrative purposes. A given mesh size has a finite margin of error

associated with it. The smaller the mesh size, the smaller the margin, but

the longer the computation time. To minimize error as well as computation

time, our first task is to determine the largest mesh size Ai we can use to

assure that the frequency shift observed in the mode spectrum is indeed

caused by the perturbing body and not by the finite error embedded in the

TLM method.

With the cavity dimensions fixed at a - 4.424 m, b - 3.318 m and a time

step of 5 per node, we conducted a preliminary test using different mesh

sizes and stirrer lengths. For a given stirrer length, we vary the mesh

size and compare the resulting shifted eigenfrequencies of two arbitrarily

selected lower-order modes with the corresponding unperturbed

eigenfrequencies. For this computation, we set the highest frequency of

interest, the cutoff frequency, at 0.172 GHz. An acceptable mesh size is

one whose computed shifted eigenfrequencies are outside the margin of error

for that mesh size. This computation is repeated for different stirrer

lengths. Figures 9 and 10 display two examples of the eigenfrequency

comparison for two different mesh sizes. Figures 9a and 10a are the

computed unperturbed eigenfrequencies for a mesh size of Ai ~ 0.15A and Ai

10



= 0.24A , respectively. The shaded areas represent the margin of error for

each mesh size. Figures 9b and 10b are the corresponding perturbed

frequencies for a stirrer length of a/4. Comparing figure 9b with 9a, and

figure 10b with 10a, we see that the shifted eigenfrequencies are clearly

outside the shaded regions for both mesh sizes. Although the margin of

error is smaller for the first mesh size, we choose the second mesh size as

the optimal mesh size in the remaining of our analysis on higher-order modes

to minimize computation time. Since the majority of the higher-order modes

will be propagating in a nonaxial direction, the margin of error associated

with this second mesh size is expected to be less than the error shown in

figure 10.

With a mesh size of A2 = 0.24A , we analyze the eigenfrequencies of the

higer-order modes. The cutoff frequency is arbitrarily fixed at 0.71 GHz,

and a time step of 5 per node is used. With the dimensions of the cavity

fixed at a — 4.57 m, b — 3.05 m, the total number of nodes in the network is

45 x 30. The mode spectrums about 0.7 GHz are computed for the unperturbed

cavity as well as the perturbed cavity. The stirrer is centered at

(0 .46a, .46b) . Two stirrers of different lengths are examined at a

o

rotational increment of 10 . The lengths of the two stirrers are 6Ai (~

1.4A at 0.7 GHz) and lOAi (~ 2.4A at 0.7 GHz), respectively. Due to the

discrete nature of the mesh network, a wire stirrer of a nonhorizontal or a

nonvertical orientation is approximated by a piecewise straight line. A

typical output comparison is illustrated in figure 11. The mode spectrum as

shown in figure 11a is a plot of the magnitude of the E component as a

function of frequency at a fixed observation point in an unperturbed cavity.

It displays six eigenmodes near 0.7 GHz. For ease of comparison, the

locations of the peaks in the mode spectrum are marked distinctly along the

frequency axis. Figures lib, c, d are the magnitudes of the E component at

the same location in the cavity with a stirrer length of 10Ai oriented at
<f>oo o

=
, 10 , and 20 , respectively. The relative positions of the unit

impulse source and the observation point (location 1) are depicted in figure

11



12. By comparing the different plots in figure 11, we detect a distinct

shifting of the eigenfrequencies as a function of
<f>

.

The plots for the 6AJ! stirrer are similar to figure 11 except that

o

frequency shifts are not observed at every 10 increment of
<f> . In general,

o

frequency shifts occur approximately at a 20 increment of
<f>

for the 6Ai

stirrer. This leads us to our first observation that a 6Ai stirrer

generates less randomness than a lOAi stirrer. Though it has the capability

of perturbing the mode spectrum, a stirrer length of 6Ai (~ 1.4A) may not be

long enough to generate a spatially uniform field.

To further confirm our observation, we use the magnitude data from the

TLM method. As mentioned earlier, for a given source strength and a given

observation point, the TLM method generates data on the magnitude of the E-

field (or the H- field) as a function of frequency. Although these data may

not agree exactly with the values obtained from the Green's function

approach, these data can be used for relative comparison. Observing at a

fixed frequency, we can compare the variation on the magnitude of the E-

field as a function of
<f>

at several observation points. An ideal random

environment implies that the magnitude of the E- field averaged over one

rotation, as well as the maximum and the minimum magnitudes of the E- field

over one rotation, is the same regardless of the observation location.

Selecting two observation points randomly (see fig. 12) , we observe the

variations on the E- field as a function of <j> at several fixed frequencies

near 0.7 GHz. At each sample frequency, we compare the average E- field at

the two observation points. Figure 13 is an example of the variations of

the total E- field at the two observation points as a function of
<f>

for a

stirrer length of 6Ai . Figure 14 is the same plot for the longer stirrer of

lOAi . Also plotted on each figure is the corresponding field in the

unperturbed cavity at the two observation points. Without the stirrer, the

spatial deviation of the field at these two locations is approximately 18

dB. With a stirrer length of 6Ai , we see that while this stirrer is capable

of generating a large scattered field, the average E-field (over a complete

cycle) still has a rather large spatial deviation of approximately 6 dB
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between these two locations. With a longer stirrer, there is an increase in

the effectiveness of the stirrer. The deviation in the average field for

the lOAi stirrer is approximately 3 dB . Therefore, to have a maximum

spatial deviation of 3 dB, a stirrer with a minimum length of 2.4A is needed

to produce the desired field in a 2D cavity.

IV. Equivalent Effect of a Stirrer

Using a transfer function to characterize the action of a large

stirrer brings to mind an interesting observation. Consider only those

excited modes near the operating frequency. As the stirrer rotates, the

frequencies corresponding to these eigenmodes would be shifted to either

side of the original unperturbed frequencies. At the completion of one

rotation, the frequency response of the stirrer can be characterized by

figure 15a, where each spectral line represents a shifted mode. Since each

mode is excited at a different amplitude, the corresponding amplitude

response of the stirrer in the time domain will resemble figure 15b, where

the different oscillations inside the envelope correspond to the different

eigenfrequencies of figure 15a. In view of the periodic nature of the

stirrer, figure 15b is a periodic function. From modulation theory, figure

15a is analogous to the spectrum of a frequency-modulated signal, and figure

15b is analogous to an amplitude -modulated signal. Therefore, we conclude

that the action of a large rotating scatterer in a cavity has the same

effect as a signal that has been frequency and amplitude modulated. The

amplitude -modulation characteristic of a plate rotating in free space is a

well documented feature [21-23]. When this rotating plate is placed inside

a cavity, the amplitude -modulation feature is retained, and in addition, if

the plate is large compared to a wavelength, there will also be a pronounced

frequency-modulation effect enhanced by the confined boundaries of the

cavity. In essence, the difference between a small stirrer and a large

stirrer rests in the enhancement of the frequency-modulation effect by the

large stirrer. The ineffectiveness of a small stirrer implies that to

create a uniformly random environment in a cavity, both amplitude- and
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frequency-modulation effects must be present. Therefore, in view of these

observations, we postulate that the action of a large stirrer can

conceptually be simulated by doing random modulation, modulating in

frequency as well as in amplitude, on the input signal.

V. Conclusion

With the use of the TLM method, we have illustrated that the key factor

governing the effectiveness of a given stirrer lies in the amount of

eigenfrequency shift it can induce as a function of the rotational angle.

The analysis on a 2D cavity showed that when a perturbing body or a stirrer

is of the order of 2 wavelengths or longer in dimension, a significant

shift in the eigenfrequency spectrum can be observed. As the stirrer

rotates, the shifts induced by the different angular positions of the

stirrer result in the excitation of different perturbed modes, thus

generating randomness into the system. When the resultant fields are

averaged properly, a reduction in the spatial variation can be observed.

In all of our examples, we did not address specifically the manner in

which the stirrer was being rotated. This is because the question of the

rotational mechanism is secondary to the issue of minimum size required for

effective stirring. If a stirrer is too small, then regardless of how it is

being rotated, it can never produce a spatially uniform field. On the other

hand, if a stirrer is of minimum length or greater, then the manner of

rotation can be used to enhance a stirrer's effectiveness. To take full

advantage of a stirrer, we need only to rotate it in such a way that it does

not produce any rotational symmetry. Rotational symmetry in effect reduces

randomness. When a rotational pattern is repeated, no additional stirring

is gained. Therefore, unless the stirrer is extremely large, an

asymmetrical rotation will always be better than a symmetrical rotation in a

mode -stirred chamber.

By using a transfer function to characterize the stirrer, we drew an

interesting analogy between the action of a large stirrer and the effect of

frequency and amplitude modulations. Conceptually, we concluded that the

14



stirrer could be simulated by the external modulation, both in frequency as

well as in amplitude, of the input signal. whether or not this simulation

can be achieved in practice will require further analysis.
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Figure 1. A rectangular cavity with a narrow plate stirrer
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Figure 2. A rectangular cavity with a perturbing body,
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Figure 3. Mode distribution near the operating frequency k for a cavity
with a finite bandwidth of AF.
Randomly shifting modes
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Figure 4. Comparison of the incident E field and the average E (denoted

by <E > ) obtained by moving the cavity wall discretely over a

small distance, for a point source excitation.
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over one rotation. Operating frequency is 0.7 GHz.
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