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H. G. Krauthäuser, Th. Winzerling, J. Nitsch
Otto-von-Guericke University Magdeburg

N. Eulig, A. Enders
Technical University Braunschweig



and Electromagnetic Compatibility

Institute for

Fundamental Electrical Engineering

M
A

G
D

EBURG

G
U

ERIC
KE

OTT
O

V
O

N

T

UNIVERSITÄ

In
tr

od
uc

tio
n

Mode-Stirred Chambers:

Cavity resonator

Changing boundaries

by the tuner(s)

sufficient high mode density

⇒ get a statistical

homogeneous

field distribution

IEC 61000-4-21

background: tuner (MSC Magdeburg)
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ie
s E-field measurements for a sample of tuner positions

⇒ {E1, E2, . . . EN−1, EN}

β∗

Determination of statistical independency by means of autocorrelation

r =

N−1∑
ν=0

((Eν − 〈E〉)(E∗
ν − 〈E〉))

N−1∑
ν=0

(Eν − 〈E〉)2
, −1 ≤ r ≤ 1

|r| = 1 perfect correlated, r = 0 perfect uncorrelated
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Starting point: Measurement is a sample of size N

⇒ Correlation coefficient is affected by statistical variations
true autocorrelation coefficient only if sample size N →∞

β

β∗

β∗

 β

∆β
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Ψ(r) =
N − 2√

2π
·
Γ(N − 1)

Γ
(
N − 1

2

) ·
(
1− ρ2

)(N−1)
2

(
1− r2

)N−4
2

(1− ρr)N−3
2

[
1 +

1 + ρr

4(2N − 1)
+ . . .

]
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N=1000, ρ=0.00
N=300, ρ=0.00
N=30, ρ=0.00

N=300, ρ=0.37
N=300, ρ=0.60
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Distribution known

from literature

⇒ Ψ(r)

ρ – expected value

⇒ true value for N →∞

N – sample size

ρ0 – limit

α =
ρ0∫
−1

Ψ(r) dr
Ψ

(
)

ρρ0

α – probability for values less than ρ0 if the expected value is ρ
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based on a publication of Lund én und B äckstr öm (IEEE EMC, 2000):
ρ = 0, → perfect uncorrelated data

MD/BS:
ρ > ρcritical > 0, → correlation stronger than ρcritical

β∗

β∗

Ν = 1500, ρ0 = 0.334
Ν = 300, ρ0 = 0.288

ρ = 0.37

Ν = 80, ρ0 = 0.202

Ν = 1500, ρ0 = ±0.048
Ν = 300, ρ0 = ±0.112
Ν = 80, ρ0 = ±0.21

ρ = 0
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IEC 61000-4-21

IEC 61000-4-21: (450, 0.37)
ρ=0, α=0.05

ρ=0, α=10-16

ρ=0.43, α=0.05
ρ=0.456, α=0.01
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original data set: N = 360 (1 degree)

reduced data sets: N = 120 (3 degrees)
and N = 20 (18 degrees)

for LB approach: number of indepen-
dent tuner positions increase with de-
creasing N

for MD/BS approach: number of inde-
pendent tuner positions decrease with
decreasing N
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MSC MD: f = 200 MHz, #POS for different N, α=0.05
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Insufficiency in the standard IEC 61000-4-21:

Limit for the autocorrelation function

only given for a fixed N

Approach of Lund én und B äckstr öm:

Pointed out that N has to be taken into account

Calculations are correct, but improper starting point (H0)

Addendum of the standard:

Explanation of the critical limit in

its statistical context

normative specification of the expected value for Ψ(r)
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accept H0 reject H0

H0 correct no error alpha error
H0 incorrect beta error no error
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H0: r > ρH1 = ¬H0: r ≤ ρ

ρ0 = 0.19
ρ = 0.43

propability to obtain a measured r ≤ ρ0 = 0.19
from a set of N = 36
if the expected (true) value is ρ = 0.43
is less than α = 5%
(even smaller for larger ρ)

Ψ(r) for ρ=0.43, N=36


