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Abstract: In installation or electronic equipment,
transmission lines are usually located in proximity of a
ground plane. Also an interference electromagnetic field
can cause on the lines a parasitic current and voltage. As
the security of such equipment depends on the amplitude of
these parasites, the evaluation of the electromagnetic risk
requires a measurement of this amplitude.

To identify the coupling between the electromagnetic waves
and transmission lines and proposing solutions allows
reducing perturbations in EMC; an experimental study was
performed using a GTEM cell and a vector network
analyzer which gives the results of the induced voltage at
the extremity of various transmission lines.
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1. Introduction.

The EMC requirements are increasingly becoming
severe and must be taken into account during the
design phase of electrical or electronic devices. For
this, it is necessary to have models reflecting the
electromagnetic behavior of the transmission lines
either in emission or in immunity. Currently, conducted
studies concern mainly the characterization of
components in conducted and radiated emissions and
conducted immunity.

To complete this works, radiated immunity studies
should be performed. This work aims to estimate the
induced perturbations in the transmission lines when
they are subjected to an electromagnetic aggression [1,

2].

From the literature review on the experimental
methods allows the studying of the radiation coupling
between electromagnetic waves and transmission lines
we performed experiments using an adequate measures
bench contains a GTEM cell and a vector network
analyzer, which allowed us to measure the amplitude of
the parasitic voltages at the extremity of lines according
to different parameters.

2. Reminder of the transmission lines theory

The principle of the transmission lines theory based
on the modeling of the coupling or the interaction of
electromagnetic waves with the transmission lines by

the equivalent voltage and current sources distributed
along this line. These sources calculated from the
electromagnetic field that excites the line, reflect the
effect of coupling of electromagnetic perturbation
generated at the line (Fig. 1) [3-6].
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Fig. 1. Transmission line excited by an electromagnetic
wave [1].

A. Model of a transmission line.

A transmission line is generally constituted by two
parallel conductors which present a geometric
uniformity. The main lines used currently are the lines:
coaxial, symmetrical two-wires, twisted two-wires and
printed circuits lines.

A transmission line can be likened to a succession
of elementary sections «localized elements» with
infinitesimal lenath dx (Fia. 2) [7-91.
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Fig. 2. Model of a transmission line.



With: R’: the linear resistance (Q/m) which represents
the ohmic losses in the conductor.

G’: the linear conductance (S/m) which represents the
dielectric losses in the insulation between the two lines.
C’: the linear capacitance (F/m) between the line and
their ground plane.

L’: the linear inductance (H/m) of the line.

B. Coupling models

Several approaches have been proposed to study the
coupling of an electromagnetic field with the
transmission lines. According to the electromagnetic
field formula adopted to describe coupling, there are
three approaches for modeling the action of
interference field by a distribution of voltage and
current sources along the line [10, 11].

B1. Taylor approach

This approach models the influence of the
electromagnetic field by voltage and current sources
distributed along the line. The relationship between the
voltage and the total current on the one hand and the
exciter electromagnetic field on the other hand is given
by the following two equations: [2, 12]
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The equivalent circuit diagram is shown in Fiqure 3:
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Fig. 3. Equivalent diagram of Taylor model.
B2. Agrawal approach

This approach describes the coupling of the electric
field by the voltage sources distributed along the line
and two voltage sources localized at the loads [2, 13].
The relationship between the diffused voltage by the
line Vs(x) and the total current I (x) in one part and the
exciter electric field is given by:
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The equivalent circuit diagram of the model is

given by Figure 4 :
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Fig. 4. Equivalent diagram of Agrawal model.

B3. Rachidi approach

This approach only describes the coupling of the
magnetic field in terms of current sources distributed
along the line and by two current sources localized at
the loads [14].
The relationship between the total voltage V(x) and
diffused current I5(x) on the one hand and the exciting
magnetic field on the other hand is given by the
following equation system :
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The equivalent circuit diagram of the model is given
by Fiqure 5.
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Fig. 5. Equivalent diagram of Rachidi model.

3. Experimental study

To properly study the coupling between an
electromagnetic wave and a transmission line (wire
above a ground plane) and to test the immunity of the
line we used the GTEM cell (Figs 6 and 7) as an
experimental test means connected to a vector network
analyzer of type « magnitude and phase » (Fig. 8) by
measuring as a function of the frequency the induced
voltage at the extremity of the transmission line, by a
radiated electromagnetic EM wave.



A. GTEM Cell (Gigahertz transverse electromagnetic)

This test method can be used for testing the radiated
immunity of components. Measurements are carried
out by placing the element or the line to be tested
within the cell where we find an internal median
conductor « septum » completed by adapted
impedances. This last allows either the collection of
transmitted signals «emission test» or the aggression of
the line with an almost uniform transverse
electromagnetic wave «immunity test». The GTEM has
a pyramidal shape it comprises absorbents to prevent
waves reflection [15-17].
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Fig. 6. GTEM cell in immunity test

Fig. 7. Photography of the GTEM cell used in the
experiment

The vector network analyzer has two functions :

- Feeding the GTEM cell by power to create an
electromagnetic wave inside the cell.

- Measuring the induced voltages at the output of the
victim line.

Fig. 8. Photography of vector network analyzer.

The studied structure is placed inside the GTEM
cell. The coupling of the guided wave in the GTEM
cell will be made by looking the influence of different
parameters of the line situated in the test zone namely:
value of the load at the extremity, height of the line
from the ground plane, and connecting one extremity to
the around as shown in Fiqure 9.
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Fig. 9. Test bench for immunity test of the conductor
wire in the GTEM cell

B. Test on a simple conductor wire with three
different loads

We conducted a test on a simple conductor wire
with length L =75 cm and radius R = 0.32 mm situated
at a height of h = 2 cm from the ground plane (Fig. 10).
This conductor wire was aggressed by an EM wave in
three cases separately according to the load at his
extremity: line loaded on 50 ohms (the other extremity
is closed on the internal impedance equal to 50 ohms of
the network analyzer) short-circuit and open circuit.

Fig. 10. Photography for experiment of a simple
conductor wire inside the GTEM cell at the test zone

C. Teston a simple wire and a twisted cable with two
different heights from the ground plane

In this case, we placed separately two types of
cables the first a simple conductor cable and the second
twisted, both are closed at the other extremity on a
resistive load of 50 ohms, with the same length L =75
cm and each one of them has two different heights
from the ground plane (2 cm and 9 cm) (Fig. 11), these
cables are attacked by an EM wave in a frequency band
of 300 kHz to 1 GHz.



Fig. 11. Photography for the experiment of a twisted
cable with height h=9cm

D. Coupling with a simple conductor cable with and
without grounding the other extremity

To see the importance of grounding an aggressed
line, we made two experiments with two simple lines
as previously charged. The first consists on a grounded
wire and the second without ground (Fig. 12).

Fig. 12. Photography for experiment of a simple cable
without ground

4. Results and interpretations

A. Coupling on a simple conductor wire with three
different loads
From the results of Figure 13a, we can see that:

In low frequency before the resonance phenomenon
related to the length of the lines, the coupling of the
EM wave with the wire conductor increases in the three
cases by increasing the frequency and we note that we
have:

1- Case of short-circuit: there is an inductive coupling
due to the current flow in a closed loop.

2- Case of open circuit : there is a difference of
potential between the wire and the ground plane that
will create an electric field which generates a capacitive

coupling and will causes in high frequency an
important resonances (maximum coupling or resonance
in a quarter-wave of the line). It’s for this reason that
we should never put a cable in open circuit.

3- Case of the line loaded at 50 ohms : in this case, we
have the twice types of coupling at the same time
inductive and capacitive but both are minimized by the
impedance which is situated at the extremity.

The induced voltage in one extremity of the conductive wire
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Fig. 13. Experimental variation of the induced voltage
in one extremity of the conductive wire in dB as a
function of the frequency.

A theoretical study on the coupling of the electric
field generated inside the GTEM cell at one extremity
of the simple conductor wire situated above an infinite
conductor ground plane, was also carried out by
applying the Agrawal approach and this is according to
the three types of load at the other extremity of this
wire:

- 50 ohms load

- Short circuit

- Open circuit

It is found in the theoretical curves of Figure 14, a
similar results of those obtained experimentally (Figure
13), and in the three cases of configurations of the load
at the other extremity of the line.

In low frequency before the resonance phenomenon
related to the length of the lines, the coupling of the
EM wave with the conductor wire increases in the three
cases by increasing the frequency.



The induced voltage in one extremity of the conductive wire
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Fig. 14. Theorical variation of the induced voltage in
one extremity of the conductive wire in dB as a
function of the frequency.

B. Coupling with a simple conductor wire and with a
twisted cable for two different heights from the
grounded plane

Both Figures 15 and 16 shows the coupling of the
electromagnetic wave with the twice cables for two
heights: 2 cm and 9 cm, it’s found in the both cases
that the increase of height causes an augmentation of
the loop surface between the cable and the ground
plane, which increase the coupling between 12 to14 dB
for both cases.
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Fig. 15. Experimental variation of the induced voltage
at the extremity of a twisted cable in dB as a function
of the frequency for two heightsh =2 cm, h=9 cm.
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Fig. 16. Experimental variation of the induced voltage
at the extremity of a simple conductor wire in dB as a
function of the frequency for two heightsh=2cm, h=
9cm.

C. Coupling with a simple conductor cable with and
without grounding one extremity

According to the measurement results of figure 17,
where we measure the coupling between the EM wave
and the conductor, we can said that in LF there is an
augmentation of coupling of 10 dB with the frequency.
But in high frequency, this coupling causes a resonance
(maximum coupling or resonance in quarter-wave of
the length of the line) or the line transforms as a form
of a receiving antenna.
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Fig. 17. Experimental variation of the induced voltage
at the extremity of a simple conductor wire loaded at
50 ohms (in dB) as a function of the frequency with
and without connecting to the ground.



5. Conclusion

In this work, we focused particularly on the study of
the coupling between the electromagnetic waves and
the transmission lines to predict the induced
perturbations in this line. After describing the
transmission lines theory and exposing the different
coupling models, we measured the frequency evolution
of the induced voltages at the extremity of the
aggressed line by an electromagnetic EM wave using
an adequate measures bench involving a vector
networks analyzer connected with a GTEM cell.
This study allowed us to describe this coupling
phenomenon by: the load at the extremity, the height
from the ground plane and the importance of
connecting to the ground.
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