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Abstract—This correspondence presents the relationship between
impedance tolerance circles and the input impedance domains (IIDs) introduced and investigated some years ago. We also show the relevance of
IID assessment to select an AMN.
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I. INTRODUCTION
The impedance presented by an artificial mains network (AMN) to
an equipment under test (EUT) has an influence on conducted emission
measurements results. A recent paper [1] provides a detailed analysis
of the deviation in measured emission levels caused by a deviation of
the actual AMN impedance (seen by the EUT) from the corresponding
impedance presented by the ideal AMN specified in a standard [2].
This analysis is based on the concept of impedance tolerance circle,
defined as the boundary of a disk which must contain the impedance
seen by the EUT, in line with the definition used in [3].
This correspondence shows that impedance tolerance circles are
related to the concept of input impedance domain (IID) of a power-line
filter, which was introduced and applied to AMNs more than 20 years
before [3] was published. We provide corrections to earlier results on
IIDs, and show that IIDs computed for an AMN may indicate that it is
unsuitable for conducted emission measurements.
II. INPUT IMPEDANCE DOMAIN
ZL ,

The input impedance, denoted by
of a two-port linear filter
depends on the impedance seen by the output port, that is the load
impedance, denoted by ZL . At any given frequency, the IID of the
filter, denoted by D, is defined as the set of the input impedance values
obtained when ZL traverses the half complex plane, denoted by C+ , of
the complex numbers having a non-negative real part, so that we may
write
(1)
D = {ZL (ZL )|ZL ∈ C+ }
where the notation ZL (ZL ) indicates that, in (1), ZL is regarded as a
function of ZL . This definition, mentioned in [4], seems to have been
first introduced in [5] and [6], where the following results were stated.
1) D is either the half plane C+ , or a half-plane of equation Re(z)
≥ k, where Re denotes the real part and k is a positive real
number, or a disk contained in C+ .
2) D is equal to C+ when the filter is lossless.

Two-port filter.

More precisely, let us consider the two-port linear filter shown in
Fig. 1, characterized by a chain matrix denoted by A and defined by
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Let us use bi j and ci j to denote the real part and the imaginary part
of ai j , respectively. Assuming a passive and reciprocal filter, we can
say that
a) if a2 1 = 0, then D is the half-plane defined by the inequation
Re (z) ≥ −

where

−

b1 2
≥0
b1 1

(3)

b) if a2 1 = 0 and a1 1 = 0, then D is the half-plane defined by the
inequation
Re (z) ≥ −

c2 2
c2 1

where

−

c2 2
≥0
c2 1

(4)

c) if a2 1 = 0 and a1 1 = 0, then we can define θ and ϕ such that
 
(5)
θ ∈ [0, 2π [ and − a22 1 = a22 1  ej θ
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In the last case (c), D is either the half-plane defined by (3) if
ϕ = ±π/2, or a disk of center C and radius ρ if ϕ = ±π/2, C and ρ
being given by
a2 2
e−j θ
−
C=
(7)
2 |a1 1 a2 1 cos ϕ| a2 1
and
1
.
(8)
ρ=
2 |a1 1 a2 1 cos ϕ|
Here, we have presented the result in the form used in [5] and [6],
with a correction of the sign in (6). However, another form is possible
for the last case: if a2 1 = 0 and a1 1 = 0, D is either the half-plane
defined by (3) if Re(a1 1 /a2 1 ) = 0, or a disk of center C and radius ρ
if Re(a1 1 /a2 1 ) = 0, C and ρ being given by
C=

a
1
 − 22
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(10)

This form is more compact, but it hides the fact that our proof of this
result uses a geometric approach involving line inversion and rotations.
In the case of a lossless filter, it can be shown that b1 2 = b2 1 = c1 1 =
c2 2 = 0. Consequently, in this case, D = C+ . We see that losses are
necessary to obtain an IID of finite radius.
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Fig. 2.

Fig. 3.
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First AMN considered in Section II.

Fig. 4.

Boundaries of the IIDs of the first AMN at five frequencies.

Fig. 5.

Radius of the three AMNs versus frequency.

Second AMN considered in Section II.

III. APPLICATION TO ARTIFICIAL MAINS NETWORKS
IIDs were introduced to analyze the performance of power-line filters, but the concept is also applicable to AMNs. For an AMN, if we
assume that the uncertainty in the impedance seen by the EUT is only
caused by the effect of the unknown impedance of the power network,
the impedance tolerance circle (at a given frequency) is the boundary
of the IID (at this given frequency).
The IIDs of two different AMNs were investigated in [7, Sec. III].
Since the numerical results and plots on IIDs contained errors in [7], we
shall revisit this question and consider the first AMN of Fig. 2 and the
second AMN of Fig. 3, which are the “50 Ω/50 μH + 5 Ω V-network”
and the “50 Ω/50 μH V-network” defined in [2, Annex A], respectively.
Assuming ideal circuit elements, their IIDs can be computed using the
theory of Section II. As an example, boundaries of the IIDs obtained at
five frequencies with the first AMN are shown in Fig. 4. We shall also
consider a third AMN, which is identical to the second AMN, except
that the 1 μF capacitor, instead of being an ideal circuit element, has
an equivalent series resistance of 10 μΩ.
In the case of an AMN connected to a mains outlet of unknown
impedance, the radius of the IID is a measure of the uncertainty in the
impedance seen by the EUT. We have plotted in Fig. 5, the radius of the
IID of the first, second, and third AMNs versus frequency. We see that
the radius of the IID is less than 1 Ω at frequencies higher than about
8 kHz in the case of the first AMN, and at frequencies higher than about
2.3 MHz in the case of the third AMN. At frequencies below 2 MHz,
the losses in the third AMN are insufficient to guarantee a small IID
radius. Having less losses, the second AMN is such that the radius of
its IID is greater than about 24 Ω at any frequency.
On this basis, it is possible to conclude that the second and third
AMNs seem inadequate for measurement in the frequency range
150 kHz to 30 MHz, in an implementation where the impedance of
the mains is not controlled. Losses in the coil and capacitors of an
actual AMN built according to the schematic diagram of Fig. 3 will
reduce the radius of the IID, as evidenced by a comparison between
the second and third AMNs. Such losses are therefore desirable, up to
a certain point, even though they are not specified in [2, Annex A].
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