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A mode-content analysis is extensively performed
for high power electromagnetic waves propagating in the
corrugated waveguide of the LHD ECH system!. The
flow of the mode-content analysis is overviewed as fol-
lows. At first, a target plate, which is set at a position
several tens of centimeters apart from the open edge of
the corrugated waveguide, is irradiated by high power
millimeter waves. The temperature rise of the target
plate is recorded by an IR camera with high precision
at several target positions. Then, the phase information
is retrieved by the phase retrieval method?. Once the
information of the amplitude and phase at the exit of
the waveguide is determined, the mode content can be
analyzed by an orthogonal-mode expansion in the corru-
gated waveguide!).

As a next step, we can reconstruct the electric field
in the waveguide up to its entrance using the obtained
expansion coefficients and the phase factor of each con-
stituent mode. The obtained information will be use-
ful to determine the cause of the misalignment between
the electromagnetic wave and the corrugated waveguide.
The configuration is shown in Fig.1. At the waveguide
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Fig. 1: Configuration of the field reconstruction.

exit (z=0), the phase can be retrieved by the phase re-
trieval method. Such amplitude A(z,y,0) and phase
©(x,y,0) can be expanded by the orthogonal functions
in the waveguide as,
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where C), is the amplitude and ¢, is the phase of a
mode n. On the contrary, the electromagnetic field
at the arbitrary position, z, in the waveguide can be
reconstructed using the expansion coefficients of each
eigenmode, C,e/?7, and the propagation phase factor,
e(=3Bn2) where (3, is the propagation constant of the
mode n in the z-direction.

Figure 2 shows an example of the contour plots of
the amplitude in a) and phase profiles in b) of the recon-
structed field. The peak position in the amplitude profile
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at z = —1.6m moves slightly in the —y-direction. This is
due to the existence of the unwanted mode, HE9; (odd-
mode). The phase profile, however, keeps almost uniform
along the waveguide axis.
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Fig. 2: The reconstructed a) amplitude and b) phase.

In general, the n-th moment in the z-direction
weighted by the intensity A(z,y,2)? can be defined as,

<z">(z)= /x”Az(aﬁ,y,z)dxdy//AZ(x,y,z)dmdy.
(2)

As a representative of the power density center, the first
moment was calculated. The results are shown in Fig. 3.
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Fig. 3: The first moment of the intensity profiles shown
in Fig.2

Because the beat wavelength between the main
mode HE1; and HE5, which is the most dominant mode
among the unwanted modes, is about 9.8m, the calcu-
lated result shows the periodic change of the first mo-
ment < y > whose period coincides with about a beat
wavelength. This suggests that the burn-pattern mea-
surement should be performed, for example, at several
positions separated by less than a quarter beat wave-
length between the main mode and unwanted modes.
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