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Hﬂl |ETR Introduction to RC

RC. definition

A A reverberation chamber consists of an oversized Faraday cage

A It relies on a multiple natural modes excitation : the EM field is a combination of one
or several modes in a given state of the chamber

A An ensemble of states are obtained through a stirring process (a change of the
boundary conditions). Ensemble statistics may reach ideal properties under some
conditions. cirs)
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ﬂﬂ[ |ETR Introduction to RC

A starting example : a 1-D cavity

Figure 1 : A TEM coaxial waveguide

RRRRRR

e A short-circuited coaxial cable (TEM waveguide)




Hﬂj |ETR Introduction to RC

The voltage difference is the solution of the wave equation :

V(z) = Zc x |[Aexp(—7 x z) — Bexp(y x z)]

with v = jk (for a lossless line), k : the wavenumber,
The boundary conditions at z =0 and z = Ly imply

A—B =10

Aexp(—jk x Lg) — Bexp(—jk x Lg) =10
Non trivial solutions appear for a set of eigenvalues k, :

nir

kKp = —
n Lﬂ
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Multiple modes
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Given two short-circuits pistons such that L., = Ly — 6L and &L 20% of Ly as a
maximum
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Flgure 3 . First modes of the TEM waveguide with Lo = varying from 1 m to ot
0.8 m. Losses arbitrarily included
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a=1.00m, b=1.05m, d=1.10 m (arbitrary losses included) :
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Figure 7 . A 3D cavity
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Let imagine a stirring process equivalent to a = 1.00 + 6x, b = 1.05 + dx,

d=1.10 4 éx with (0x)max = 0.05 (1% of a).
Suppose a collection of n step variations with step i corresponding to dx = L. (6x)max
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Figure 8 : Ensemble of modes summing n =5 states of the chamber of a fictitious
stirring process
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3-D overmoded cavities
A Multiple modes with significant excitation over a number of

states .
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Well overmoded / stirred cavity:
A Plane wave spectrum
A | j nfasymiptotical ) model
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Q-factor
A Energyis stored in multiple modes

A The higher Q the higher the strored energy and thus the field
strength

A The lower Q the higher d (better overlapping situation)
A Depends on losses machanisms
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szup_d

where £ Is the stored energy and P4 the corresponding dissipated power

Q-factor is generally measured as the averaged stored energy over
the transmitted/ injected power in the chamber and
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Antenna effective area 0 O 0
/\2
A = 4—7]m[D9(9 ())H — Dph,(ﬁ ())()] (23)

The same antenna is now under a plane wave spectrum
illumination. lts effective area writes :

21
Agip = —I}m/ / [Do (6, &) po(h. ())9+D(,(f) O)pe (8, ())()] sin @dfd o

A
(24)
po(f,®) and p,(6, @) are the probability distribution of the plane
wave incidence for each polarization.

1 @
po(6, ¢) = p(;')(ﬁ. ¢) = ypm (25) G
INSA
Receivingantenna  _ Transmitting antenna = 4 Sy

Y (ensembleaverage
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Q estimation at

wo identicalantennas

Antenna efficiency from Q

ZoweV

I I

ant = SII‘I — STI 3 '
Ql <| ( >| > (/\2/477)(1 - |(Sm>|2)2773 100005

Q_factor

Q#
Lo e

— Ql_ant (ant 1)
=+« Ql_ant (ant 2)

| |

| | |

1

7’2 — %nl — Q_Q# 1002(:)3+08
Q7 V @

4e+08 Se+08
Frequency (Hz)

6e+08 7e+08 8e+08

2 2.5

sf wfscfsbuj p&badaubMicolv.sConf)2916, bp. 715718,

3

3.5

4
Frequency (Hz)

P. Besnier, J. Sol, A. Presse, C. Lemoine, and AD/ ! U bAstgnna-effiaiincy measurement from quality factor estimation in

le+09

zzzzzz

I\ Nantes
% Université

% Université
%N deRennes

P




ﬂﬂ[ |ETR Antenna efficiency and antenna patterns in RC

Antenna pattern
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ﬂﬂ[ |ETR Average absorbing cross-section
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Mechanical
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rl”‘ |E R Backscattering measurements

Mesuredansla chambrea vide (sans la cible):

Mesuredans la chambre chargée (avec la cible):
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A. Reis et al., "Radar Cross Section PatternMeasurements in a Mode-Stirred Reverberation Chamber: Theory and
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Hﬂj |ETR Backscattering measurements
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Recentimprovements
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Antenna radar cross-section A Antenna pattern ?

Radiating mode
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METR Focalization

Focalization upon detection of the modification of the backscattered field
(opérateur de Wigner-Smith géneralisé)

e o

o ot ' | = Connection
Récepteur R

‘ 0o

06

0¢

ll

01

®

Chamhre Réverbérante (CR)

@
A Impedance modification: 6 1 !("¢) and CO("Y) C 0 Y Y ) coac
A Diagonalization of 0 C A with the highest § s-> Most sensitive to the change INSA
A Injectionde 1 © ! m! ' nGg fodaljsgtian! ki




IETR Focalization

Continuous waves (frequency domain)
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IIETR Focalization (time domain, in situ)
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