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BEHAVIOR OF ANTENNA INPUT SPECTRAL IMPEDANCE FOR REACTANCE
IN ADITYA TOKAMAK GEOMETRY
DR. APARNA BORKAR , DR. M.S. GUPTA
Abstract : Several waves often propagate in a plasma at a fixed frequency. They usually do not interact with
each other because they have different wavelengths. The power associated with one branch may however be
transferred to the other in a process called linear mode conversion. The slow ion-Bernstein wave (IBW) is
studied at the second harmonic cyclotron resonance, taking into account the specific geometry of the Aditya
tokamak. At very high frequency optical transmission is also possible. Some matching circuitry has to be
incorporated in the transmission system in order to prevent the reflected power to come back to the generator.
The transmission line is connected to antenna that will couple the power inside the machine’s vacuum
chamber. The behavior of reactance has been seen through the plot.
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Introduction : The most commonly known state of
th
matters are – Solid, Liquid, Gas. But there is also 4
state of matter called _’PLASMA’ which is mostly
found in universe. Plasma is a mixture of electron gas
and a hot ionized gas consisting of approximately
equal parts of charged positive ions and negative
electrons.Fig.1. Since plasma is an electrically charged
particle, it is characterized by a strong influence of
electric and magnetic field, which is different from
characteristic of a neutral gas. Hence it is the 4th state
of matter.A tokamak is a torus shaped device which is
used to confine a plasma, by using magnetic field. To
achieve a stable plasma equilibrium, magnetic field is
introduced that move around the torus in a helical
path.Fig.2. The helical path is generated by adding
toroidal field and poloidal field. The toroidal field is
generated electromagnetically which travel around
the torus in circle. And the poloidal field is generated
by electrical current which flows inside the plasma,
induced with the second set of electromagnets, and it
travels in circle orthogonal to toroidal field.
Plasma is a quasi-neutral gas of charged and neutral
particles which exhibits collective behavior. It has as
a collection of mobile, charged and neutral particles
which shows a collective behavior by way of long
range interaction and can sustain oscillations of
different types. So to confine the plasma the fusion
processes can be used. The plasma is heated in
controlled fusion by coupling RF power to plasma
waves in the ICRF (ion cyclotron rang of frequencies).
By heating plasma different waves are formed which
can be differentiated as: Slow wave, fast wave and Ion
Bernstein wave. The Slow wave are sensitive to
fundamental resonance and not excitable in toroidal
geometry where as Fast wave are not sensitive to
fundamental resonance but excitable in toroidal
geometry. IBW (Ion Bernstein wave) are
perpendicular to propagating warm waves of plasma,
which is the solution for each species, near to
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harmonic of the cyclotron frequency. Amongst these
waves the Ion Bernstein waves (IBWs) have been
proposed as useful for heating and improving
transport in tokamak plasmas.
Theory : For plasma heating in tokamak by ICRF, is
the processes of coupling of external RF power to the
plasma. This can be implemented by introducing RF
current carrying conductors placed near the plasma
wall.
In an ionized gas plasma antenna, a gas is ionized to
create a plasma, which have very high electrical
conductivity. So it is possible for RF signals to travel
through them so that they act as a driven element to
radiate or to receive them. Alternatively the plasma
can be used as a reflector or a lens to guide and focus
radio waves from another source.
The coupling of ion cyclotron range of frequencies
power from a slow wave antenna to the plasma with
finite temperature is examined theoretically and
compared to an independent computer calculation. It
is shown that such antennas can be highly efficient in
transferring most of the antenna power directly
to ion Bernstein waves, with only a very small fraction
going into fast waves.
The antenna - plasma coupling characteristics in the
presence of poloidal magnetic field, the developed
theory for α - species (ions, electrons, and helium)
has
been
modified.
The
component
of
electromagnetic field has been derived for the
different region. These regions are, in the plasma,
between the plasma-antenna and between the plasma
and the wall. In this paper we have discussed about
the component of electromagnetic field between the
antenna and the wall.
The numerical analysis of such developed theory
shows that the poloidal magnetic field affects the
plasma characteristics and power partition for the
wave modes. Fig.2. Thus we see that the poloidal
magnetic field should not avoid from the Aditya
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tokamak geometry.
The absorption and propagation of the wave in the
ion-cyclotron range of frequencies for radio
frequency heating have been investigated using
kinetic theory. Generally cubic dispersion relation in
the form of the square of the refractive index with
coefficient of plasma parameters, contains two modes
satisfying the cold plasma theory and the remaining
one correspond to the ion Bernstein wave. Sy. W. N.C., et al [1] had developed a dispersion relation and
theory for characteristics of antenna plasma coupling
for JIPPT-IIU tokamak plasmas.
Calculation : In this paper we have discussed about
the component of electromagnetic field between the
antenna and the wall. Particularly, the intrinsic
spectral impedance especially for reactance has been
discussed.
For calculation of Intrinsic spectral
impedance, mathematical modeling of The Maxwell’s
equations are used.
For antenna-plasma coupling, spatial Fourier
transform may carried in y- and z- directions. For
simplicity, ky=0. This will lead to overestimate for
coupling to slow waves.
ξ is introduced as dimensionless variable as

ξ=

xω
………………………….…(1)
c

The formal solution for the electromagnetic field in
the vacuum is determined by the boundary
conditions.
And at antenna ξ = δ
Whereas
At the conducting wall ξ = β
The component of electromagnetic field between the
antenna and the wall parallel to the current is given
by
E z = − Z s (n z ) j A …………………...(2)
Where,
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ly and lz are half-widths of the antenna in the
and z- direction, which are fixed for slow wave.
I = Average antenna current

(
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H Z , l z = Heavyside step function for − l z ≤ z ≤ l z
r
r
J z (k z ) = (− πIl z ).(S (k z )e z ) ………….. (5)
Where j can be calculated by eliminating the
constants for vacuum electromagnetic fields,
j = cµ 0 j A ……………………….. (6)
And

J = nj

sin (nδ − nβ )
............................. (7)
cos nβ
2

And n = 1 − n z
At the position of the antenna and the wall, Zs(nz) is
independent of the shape, size and other spectral
characteristics of the antenna. Zs(nz) is called the
intrinsic spectral impedance of the antenna. It
measure the inherent ability of the antenna to couple
the power to the plasma as a function of the plasma
parameters.We have calculated intrinsic spectral
impedance of the antenna, which is defined by the
equation (3), which includes the equations (1), (2),
(4), (5), (6) and (7).
Units :
The Aditya Tokamak parameters are used for the
calculation. We used SI (MKS) units for calculation.
Table1shows the different values of these parameters
in SI units.

Figures And Tables
Figure 1 Formation of plasma from gas
fields.

IMRF Journals

Figure 2 Formation of plasma by electromagnetic
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Table 1 Parameters of Aditya Tokamak
Tokamak parameter

Figure 3 Cross section of Torus
Table 2(a), the distance between the antenna and
conducting wall
Distance between plasma 0.04
to wall ν (m)
Distance between plasma
to antenna δ (m)

0.02

Table 2(b), the distance between the antenna and
conducting wall
Distance between plasma 0.03
to wall ν (m)
Distance between plasma 0.01
to antenna δ (m)
Table 2(c), the distance between the antenna and
conducting wall
Distance between plasma
0.05
to wall ν (m)
Distance between plasma
0.03
to antenna δ (m)
Figure 4 Intrinsic spectral impedance versus
refractive index for reactants for Aditya tokamak
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Aditya Tokamak

Major radius (m)

0.75

Minor radius (m)

0.25

Toroidal magnetic field ,T

1.5

Poloidal magnetic field ,T

0.5

Applied rf at center of the
device (1.5ωciHf), MHz

34.451584272 × 10

Deuterium percentage

0.0%

Ref.-index in z-direction

7.5

-3

6

Edge ion density (m )

1.0 × 1017

Edge electron density m-3

1.0 × 1017

-3

1.0 × 10

17

Max. electron density m

-3

1.0 × 10

17

Edge ion temperature (eV)

150.0

Edge electron temp. (eV)

150.0

Max. ion temperature eV

150.0

Max. electron temp. (eV)

150.0

Antenna length in ydirection ly (m)

0.1

Antenna length in zdirection lz (m)

0.25

Antenna current I (amp)

100.0

Maximum ion density m

Conclusion : From the complicated equations
we can calculate intrinsic spectral impedance,
partition to ion Bernstein wave, fast wave and
slow wave and its characteristics. Since the
analytical solution is very complicated, so we
have developed a computer code for the
characteristics of ion Bernstein wave, fast wave,
and slow wave. From the developed computer
code we can vary the antenna length in y- and zdirection, applied radio frequency, toroidal
magnetic field, edge ion density, maximum ion
density, edge electron density, maximum
electron density, edge ion temperature,
maximum ion temperature, edge electron
temperature, maximum electron temperature,
deuterium percentage etc. On varying these
parameters the maximum efficiency can be
obtain.
By
using
Aditya
Tokamak
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parameters,Table1, Table 2(a), 2(b), 2(c), the plots
are developed for intrinsic spectral impedance for
different values. By changing the distance between

the antenna and conducting wall we get these
results. This shows that by adjusting antenna
position, reactants shows deflection. Figure4.
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