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A remote steering antenna concept has been pro-
posed and developed for Electron Cyclotron Heating and
Current Drive (ECH/ECCD) experiments at the Inter-
national Thermonuclear Experimental Reactor (ITER).
There are two operation modes in a remote steering
antenna, anti-symmetric and symmetric modes. The
anti-symmetric antenna was considered as the ITER-
antenna, and the symmetric antenna with an extended
steering-angle capability was developed and used for the
ECH/ECCD experiments in the TRTAM-1M tokamak.
The radiated field from the antenna was analyzed, based
on Gaussian optics, moment and matching coefficient
methods [1]. In order to directly evaluate the field radi-
ated from the antenna, the Kirchhoff Integral code has
been developed, which has been complied into a integra-
tion code to teat issues of coupling of the incident beam
into the antenna, transmission in the antenna, and ra-
diation from the antenna.

The remote steering antenna at various antenna
lengths has been prepared to study the performance of
the antenna in the extended operation regions. The hy-
brid (m,n) modes, which were coupled into the antenna
at the input aperture, were transmitted in the antenna
with different propagation constants of f3,,,. The field
at the antenna length L was expressed from summation
of the hybrid (m,n) mode components with the phase
factor of exp(—if,,,L). The antenna length was one of
main parameters to determine the antenna performance.
In order to evaluate the field radiated from the antenna
aperture, the Kirchhoff integral was used as follows,
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where a was a side of the squared antenna aperture. The
coordinates of (z’,y’) and (z,y, z) were at the antenna
aperture and at the radiated positions, and E(z',y) ex-
pressed the fied sumed up the hybrid mode components
at the aperture.

The various lengths antenna performance was pre-
liminarily tested in low power test facilities at Kyushu
University. The phase profiles as well as the intensity
profiles were measured using a vector network analyzer
system. Figure 1 shows the measured intensity and
phase profiles in the y direction of the beam radiated

from the antenna at z=50 mm. The steering angle was
10 degree in the = — 2z plane, and the anti-symmetric
field was plotted in this figure. The antenna length
was 3.6m, and the side of square aperture was 0.04m.
These antenna length and the side were not optimized
for the anti-symmetric antenna performance. The in-
tensity profile had some local peaks, which were result
from the interference among the radiated hybrid modes.
The phase profile was rather smooth. In the figure, the
intensity and phase profiles evaluated using the Kirch-
hoff integral were also plotted. The complicated inten-
sity profile was also shown, but did not coincide with
the measurement. The evaluated phase profile well ex-
plained the measured profile. In the evaluation, a pure
Gaussian beam was used in the coupling into the an-
tenna, and the coupled hybrid modes were transmitted
to the output aperture at L =3.6 m. The measured in-
tensity and phase profiles of the incident beam will be
included in the analysis in near future. The comprehen-
sive study of the antenna performance at the various
antenna lengths is planed in the extended operation re-
gions.

This work was realized in the LHD-project collabo-
ration (NIFS04KOARO005) organized by NIFS.
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Fig. 1: Measured intensity and phase profiles at the
various lengths antenna of L =3.6 m and a =0.04 m.
The steering angle is 10 degree. The profiles evaluated
from the Kirchhoff integral code are also plotted.
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