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Magnetic Field Components of the Pulsed Vertical Field
in the JFT-2 Device in Resonance with the Rotational

Transform of Plasma
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(Received May 26, 1973)

Magnetic field components of the pulsed vertical field in the JFT-2
Tokamak device in resonance with the rotational transform of magnetic
lineé of force are obtained. Fourier analysis is used to calculate the
components on the experimental data obtained with magnetic probes.

The size of islands of magnetic surfaces due to the resonance is

discussed in relation to the current distributions.
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1. INTRODUCTION

T+ has besn known that the magnetic field having a resonant com-
ponent with the rotational transform of plasms mekes islands in magnetic
surfacesl’z’s). ALs the plasma density tends to be equal on the same
nagnetic surface, these islands may increase the decay raté of a plasma
density and/or erergy. Theoretical analysis4' predicts that the size of
these islands is proportiocnal to the square root of the ratio of resonant
field component to azimuthal field and inversely proporticnal to the

square root of relative shear, namely,

41'0 bm,n| (0
g = / / 1
¥y m ‘BH l _‘I'O(’ ( )

where § is the size of an island, r, is the radius of a magnetic surface

considered, m is & mode number in azimuthal direction, by, n is the Fourier
coefficient of the resonant field which is proportional o sin@n“‘ﬂ?),

Bg is the azimuthal field strength at e<ry , {p 1is the rotational trans-
form and ¢ is its differential at r=r,.

From these point of view it is necessary to evaluate the resconant
field components which may be included in various magnetic field generated
by an actual experimental device. Among 21l of the magnetic fields of the
JFT-2 the pulsed vertical magnetic field has been thought to have a largest
resonant component, .In this paper the results of measurement of the pulsed
vertical field is examined by the Fourier analysis to obtain resonant
components. The size of islands is slso evaluated when the plasma current

distribution is assumed.

2. RESULTS OF CALCULATION

Qut of three components of the magnetic field, minor radial component
is respongible for forming islands. Teking configuration of the pulsed
vertical field coils and directions of the currents flowing in them into
consideration, it may be said that the field is periodic in toroidal
direction with a period of %' and also periodic agzimuthally with a pericd
of 27 (See Figs. 1 and 2). Agimuithal and toroidal distribution of the
radial component of pulsed vertical field has been measured ex@erimentalq

1y5). They are again illustrated in Fig. 3. Ag is shown in one of the
figures the toroidal effect seecms not to be large and might be neglected
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roughly. Therefore these dats may be extended to < H<n symmetrically
with respect to g ::%— and to <27 anti-symmetrlcally with respect
tof =0 .

Fourier compcnents which may be resconant with rotational transform

of a plasma can be achieved by the ordinal Fourier analysis;

Ty 0T
= f gg ! r,0,2 )sinlmf -neld 0 d¢ (2)

bm!n. T . T
2

where B (r. 6, 2 ) is the minor radisl component of the pulsed vertical
field, T, and T; are the periods and m and n are the mode number of its
field in the direction of # and ¢ respectively. As mentioned above,
the periods of pulsed vertical field T, and T, are given by 27 and /2
respectively. Due to periodicity condition it is also necessary for .n
being a multiple of four. Therefore the lowest resonant mode 1s given
when n = 4. And it is also easily shown that for a given n satisfying
the above relation, b, p is always equal to zero except when m is odd.
Experimental results are interpciated and exterpolated to cover zll of
the plasma volume O< r<{25 cm. After these procedures b, , is computed
by the eguation (2). The results are shown in Fig., 4 for various values
of m keeping n = 4. The intesity of the resonant field component may be
expected to decrease when m becomes large. MNorecver eg. (1) shows the
decrease of the size of islands at m-% . Therefore the most important
components are those with smallm but no smaller than % or 5 from the
experimental point of view.

The inverse of square root of a relative shear is also calculated
(see Appendix) and is shown in Fig. 5 in case cof a current distribution
proportional te fk%iﬁN] . In these cases the rotational transform is
almost the ssme for all values of r but the quantity ro strongly depends
on the gradient of the current density distribution and is large near the

plasma boundary. Thusv//?:-
r

t
Radial profile of q value defined by qhﬂ:}%B is shown in Fig. 6.

decreases with radlus.

From thls figure it is revealed that the revonance can occur at several
radial positions when the current distribution ig concentrated near the
axis. For instance in case of J, current distribution resonances occur

at r = 17.0 em for q = % , r = 22,0 cn for q = %‘, and r = 24,5 cm for
a=7 - It is also expected that for qla) less than 2 resonance for ¢ =

appears near the plasma axis.

2
4
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The strength of the addificnal vertical field.Bv add in & tokamak
with a conducting shell necessary to keep the plasma column center at the

shell axis is given by the following relations (See Ref. 7).

2

Ip b a 1
o = 1 - {— (A =
By add CR{ In ; + | (b) ) + 2)}
and 4 = ﬁ6+-—;i—1

where I, is the total plasma current, b is a minor radius of the shell,

C is the velocity of light, R is a major radius of the torus, I; is the
internal inductance of the plasma and B89 is a ratio of the plasma pressure
to the magnetic pressure of the azimuthal magnetic field. Neglecting the
second term in the bracket as small, an sstimate of By 44 for the JFT-2

gives
Ip(KA)
B = 4OXL__ .
v addd (100KA) Gauss

In the JFT-2 tokamak the pulsed vertical field is applied fto cancel
the continuous (D.C.) vertical field at the plasma ignition stage as is
shown in Fig. 7. Therefore, the intensity of the vertical field generated,
which is the difference between the D.C, vertical field and the pulsed
vertical field, amounts to about 25 Gauss per 100 kAT averaged over the
toroidal direction at t = 20 msec (See Ref, 5, Fig. 15). And it is necessary
to generate the pulsed vertical field up to %% X 100 = 160 kAT per 100 kA

of the plasma current.

Fig. 8 shows the radial distribution of the size of the islands with q

as a parameter, Suppose that at one radial position =r, the resonance

occurs, then this figure gives the size of islands at its position.

As is mentioned above the effect of the plasma pressure is neglected.
If this effect is taken into consideration, the strength of the pulsed
vertical field should be higher to compensate plasma hoop force. There-
fore above results should be considered to give minimum values of the size
of islands. Note that the large values of 0 are incredible because the
former analysis is only applicable to small values of § compared to plasma
radius, Yonlinear effect may be expected to decrease the size of islands.
However it is complicated and is not taken into consideration in this
report.

Examples of islands actually formed by the pulsed vertical field have

been obtained following magnetic lines of force and will be published in
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other form6).
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APPENDIX
The current distribution of plasma is assumed to be proportional to

[1—-(a£)N]_ ¢t is defined by

o T Bt

¢ T 97 RBy
where Bg:%?g—
r

in which I is relsted to J, Dy
N

I=f27rrr]0[1-(§) Jdr
1 1 r N
= 27T Jo = — { = 1
_ orly ~xNrez'a’
Therefore ¢ is give by
Htodo R 1 1
Bt 2 N+2 a
and-%i. ig also calculated as follows
r
de  _ _ uod R 1 -t
dr Bt N+ 2 alN

Finally we obtain
. to _ fnt2)-—2X¥
~rd 2NXxN

where

[
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FIGURE CAPTION

Fig. 1 Upper view of the shell and the current direction in the pulsed
vertical field coils.

Fig, 2 Configuration of the shell and the pulsed vertical field coils,
Fig, 3 Azimuthal distribution of a minor radial component By of the
pulsed vertical field (4) et t=Smsec (E) at t=10msec and (C)} at t=2O0msec
after ignition of the coil current when the peak value of the fime depend-
ent ampere-turns of the pulsed vertical coil is 100 kAT, Each set of
figures is composed of three accerding to different radial positions.

The current decay time of the coil is chosen to be 14 msec in this
experiment.

In one of the figures (C-c) B, at f = 120° and 150° are also shown at
the position of § = 60° and 30° respectively for comparison. These data
suggest the symmetry of the field with respect to § = 90°,

Fig. 4 Resonant component of the pulsed vertical field versus radial
position for various values of 4 when the peak ampere-turns are equal to
100 kAT.

Fig. 5 Inverse square root of the relative shear for various current
distributions proportiomal to [ 1 — (L 1N

Fig. 6 Radial distribution of the q(r) for various current distribution
in which q(O) is chosen to unity for comparison.

Fig. T Time behavior of the puilsed vertical field and the D.C. vertical
field in the JFT-2 tokamak.

Fig. 8 Radial distribution of the size of iglands vs plasma radius for
various values of g, current distributions and time, (a) for t=5 msec.,
Ip b

ln=1s

(b) for 4=10 msec., (c) for £=20 mesec. in which By add = = >
C

assumed neglecting plasma pressure.
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