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The initial results of current drive experiment by lower hybrid
range of frequencies (LHRF) on JT-60 are reported. This experiment is
a first trial of RF current drive on a reactor grade tokamak. As the
result, the current of 1.7MA is driven by LHRF with the power of
1.2MW (2.0GHz) at the density I-le==0.3>< 10*° m™*. The efficiency of
current drive nCD(Eﬁe(IOlg mfa) IRF(MA)R(m)/PRF(MW)) is 0.7~1.7. When
neutral beams are combined with LHRF, "en increased to 2.0~ 2.8.
Furthermore, current ramp up and recharging were carried out. The
efficiencies of current ramp up and recharging are approximately 0.2
for both. Also, the suppression of soft X-ray sawtooth signals is

recognized, as obserbed on middle sized tokamak.
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1. Intreoduction

A large number of current drive or current start up and ramp up
experiments by LHRF have been successfully performed on the small or
middle sized tokamaks which have opened a new way for CW operation of
the tokamak[l-11]. Further intersting results, i.e. the current
profile during LHCD is formed independently with the Te profile[l2],
and the sawtooth of soft X-ray can be suppressed by LHCD via fattening
of the current profile, are reported[13-15]. These results have to be
.tested on a reactor sized tokamak and the potential of LHCD has to be
demonstrated in order to give guidance for the design of a fusion
reactor. Also, the combination of LHCD and other additional heating on
large tokamaks is an important theme. In view of these needs, the LHCD
experiment on JT-60, which is a large tckamak with a poloidal divertor
having a major radius of 3.1lm and minor radius of 0.9m, is carried out
as the first application of current drive to a reactor sized tokamak.

In this paper, the results of the first phase experiment of LHCD
on JI-60 are presented. The experiment was carried out stressing the
following points;

(1) demenstration of MA class current drive,
(2) estimation of current drive efficiency,
(3) current drive in conbination with NBI.

In section 2, the RF heating system is described in brief., Next,
the experimental results of current drive, recharging and current ramp
up are given in section 3. The reuslt of current drive in the combina-
tion with NBI is presented in section 4, and the current profile during
current drive and MHD mode suppression are discussed in secticn 5. The

summary is presented in section 6.

2. RF Heating System of JT-60

The RF heating system has three units for LHRF heating and current
drive and one unit of ICRF heating. One launcher of the LHRF units is
designed for current drive(LHCD). Each unit of LHRF is composed of a
RF generating system, high power RF amplifier system having eight 1MW
kiystrons, RF transmission system of 32 waveguides, coupling system,

differential pumping system for the coupling system, cocling system,
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2, RF Heating System of JT-60

The RF heating system has three units for LHRF heating and current
drive and one unit of ICRF heating. One launcher of the LHRF units is
designed for current drive(LHCD). Each unit of LHRF is composed of a
RF generating system, high power RF amplifier system having eight 1MW
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differential pumping system for the coupling system, cooling system,
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power supply system and control/diazgnostics system. The layout of the
RF heating system is illustrated in Fig. 1 and one LHRF unit is shown
schematically in Fig. 2. The maximum generétor power of one unit is
8MW and more than 5MW is expected as injection power into the tokamak.
The frequency of RF can be choosed every 500msec among five values,
1.74, 1.83, 2.0, 2.17, 2.23GHz, by selecting the frequency of the RF
generator and shifting the tunner of the IMW klystrons. Also, the RF
power and phase difference between adjacent waveguides can be changed
with the time step of lOmsec by controlling the RF generating system.
The control signals are sent every 10msec from the RF computer or JT-60
computer called ZENKEI via a CAMAC system. The launcher is a Grill
type having the 4x8 waveguides as shown in Fig. 3(a). The inner sizes
of the wavegﬁides cf LHCD launcher is 16mmx115mm. The power spectrum
of the waves injected from the LHCD launcher is shown in Fig. 3(b).

The peak of the wavenumber spectrum alcng the magnetic field is N, =1.7

with the width AN,~ 1 at Ad =90°.

3. Current Drive at the MA Level and Recharging /Current Ramp up

Experiments were performed in both hydrogen and helium plasmas in
the parameter range ﬁe==0.2—-4.0><1019 m™ ¥, Ip==0.5- 2.0MA, BT==4T,
=3.7-11. 1In the helium discharges the hydrogen was always

q
eiiioyed as the prefilling gas so that the helium plasmas contain a
hydrogen minority. A torus input power of LHRF up to l.4MW was inject-
ed at a frequency of 2GHz. The hydrogen NB, having the port through
power up to 20MW with the beam energy of 40~ 70keV, was injected almost
perpendicular to the LHCD plasma. The RF parameters are as follows;
frequency f=2,0GHz, phase difference Ad=60°~120° (mainly 90°),
distance between plasma center and top of the launcher R = 945~ 950mm.
(The fixed limiter is placed at R = 940mm.)

Fig. 4 shows the typical data of current drive experiment under
Ip constant control at PLH==1MW, BT==4T with hydrogen plasma. TFig.
4{a) ~ (e) are time dependences of plasma current Ip’ one turn voltage
Vl’ density Ee, Shafranov lambda A and current of the OH primary coil
IF' LHRF is injected with two pulses, first from t = 3.0 ~ 3.5sec and
second from t = 4.0 ~ 8.0sec as shown in (a). The one turn voltage drops

from 1.0V to OV or slightly negative level during LHKF injection. The

_2_
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power supply system and control/diagnostics system. The lavout of the
RF heating system is illustrated in Fig. 1 and one LHRF unit is shown
schematically in Fig. 2. The maximum generator power of cne unit is
8MW and more than 5MW is expected as injection power into the tokamak.
The frequency of RF can be choosed every 500msec among five values,
1.74, 1.83, 2.0, 2.17, 2.23GHz, by selecting the frequency of the RF
generator and shifting the tunner of the IMW klystrens. Also, the RF
power and phase diiference between adjacent waveguides can be changed
with the time step of 10msec by controlling the RF generating system.
The control signals are sent every 1l0msec from the RF computer or JT—6O
computer called ZENKEL via a CAMAC system. The launcher 1s a Grill
type having the 48 waveguides as shown in Fig. 3(a). The inner sizes
of the waveguides of LHECD launcher is 16mmx1l15mm. The power spectrum
of the waves injected from the LHCD launcher is shown in Fig. 3(b).

The peak of the wavenumber spectrum aleong the magnetic field is Ny=1.7

with the width AN,~ 1 at A¢ =90°.

3. Current Drive at the MA Level and Recharging /Current Ramp up

Experiments were performed in both hydrogen and helium plasmas in
the parameter range He==0.2—-4.0><1019 m 3, Ip==0.5—-2.0MA, BT==4T,
3.7-11. In the helium discharges the hydrogen was always

q =
eziioyed as the prefilling gas so that the helium plasmas contaln a
hydrogen minerity. A torus input power of LHRF up to 1.4MW was inject-
ed at a frequency of 2GHz. The hydrogen NB, having the port through
power up to 20MW with the beam energy of 40- 70keV, was injected almost
perpendicular to the LHCD plasma. The RF parameters are as follows;
frequency [ =2.0CHz, phase difference Ap=60°~120° (mainly 90°),
distance between plasma center and top of the launcher R = 945~ 950mm.
(The fixed limiter is placed at R= 940mm.)

Fig. 4 shows the typical data of current drive experiment under
Ip constant contreol at P__ = 1MW, BT==4T with hydrogen plasma. Fig.

LH
4(a) ~ (e) are time dependences of plasma current Ip’ one turn voltage

V., density ﬁe’ Shafranov lambda A and current of the OH primary coil

l!
IF. LHRF is injected with two pulses, first from t = 3.0 ~ 3.5sec and
second frem t = 4.0 ~ 8.0sec as shown in {(a). The one turn voltage drops

from 1.0V to OV or slightly negative level during LHRF injection. The

72_._
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plasma current is maintained at the 1MW level even after LHRF iniection
due to the Ip==constant feedback control; however, the ohmic current is
RE" The level of IRF is evaluated as
=Ip=1MA as \Avl/vli ~1. In fact, dI./dt=90

replaced by the RF curvent I
Tap = \Avl/vlilp, so Ipp
during RF injection, which means Ip is maintained by RF power only.

The value of n, is kept nearly constant level during RF injection. The
transition of A will be discussed later. When o, is low, Vl stays
negative, and recharging of the OH coil current occurs(dIF/dt> 0).

This result is shown in Fig. 5(a) - (d). 1In this shot, LHRF power of
PLH==0.57MW was injected to the plasma of Ee“-O.ZX 10%°% m™ ¥, Ip==0.7MA
and the recharging efficiency can be estimated. The rising time of

OH coil current IF is 1.3kA/sec, therefore, the recharging efficigncy

defined as n =1 1 M/PRF=O.2. Here, the mutual inductance between

recharge p f

plasma and OH ceil of JI-60 is M= 140pH. 1In the estimation of recharg-
ing efficiency, the effect of changing li is not taken Into account.
Therefore, a longer RF pulse duration will be needed to obtain a more
accurate measurement of recharging efficiency. TFig. 6{(a}, (b) shows
the results of current sustainment and current ramp up by LHCD under
the condition where Ip is not censtant. Fig., 6(a) shows that dIF/dt:=O
at tz 3.4sec, which indicates Ee and Ip are maintained by LHRF only.
Fig. 6(b) is a case that LHRT is injected into a plasma whose Ip is
decreasing. This figure clearly shows Ip increase again simultaneously
with LHRF injection. These results are very important as a demonstra=
tion of the current sustain and ramp up by LHCD only in a reactor—-grade
tokamak, In Fig. 7, the ramp up efficiency nramp is shown. nramp is
fde-P

defined by the relation of dw -D. Here, dwRF/dt

PF ext  ramp’ LH
(=d/dt(l/2LpIp2)) is the increase rate of stored energy of poloidal

magnetic field, Pext is energy of poloidal field except from RF power
and D is power loss of RF via plasma. The ordinate and abscissa are

dWPF/dt—Pext and P respectively, and the gradient of the solid line

Ly’
in the figure indicates the ramp up efficency. Though a precise
estimate is difficult because of the limited amount of valid data in
our experiment, we obtain the value of nramp==0.2, which is reasonable
comparing the value n =0.1~0.2 in PLT.
ramp

Fig. 8 shows the result of 1.7MA of driven current with LHRF power

injection of 1.2MW into a plasma of Ee=:0.3>< 10'? m™% and Ip==2MA. The

value of Vl drops from 1.1V to 0.15V, therefore, AV1f=O.95V, which
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corresponds to IRF==1.7MA. This is the largest noninductive current

obtained to date on any tokamak, including current drive by NBI.

The efficiency of current drive "ep is defined usually as
_ = 19 -3
e ne(IO m )R(m)I(MA)/PLH(MW) [17].
Up to now, the values of n, . =0.7~1,5 are cbtained in LHCD

CD
experiments on the small or middle sized tokamaks.

i Figs. 9(a), (b) show the dependences of IpAVl/Vl/PLH(“IRF/PLH) on
n, carried out in LHCD experiment with the fi11ling gases of H and He,
respectively. The closed and open symbels in the figures mean the
cases of |AV1/V1|< 1 and lAVl/Vl\>>l, respectively. |AV1/V1|< 1
indicates the existence of some OH electric field contributing to the
current drive. Both figures show the IRF/PLH are in inverse proportion
to n_. The current drive efficiency at IAVI/V1\3>1 is lower than the
case of |AV1/V1|< 1, especially in He discharge. This may depend on
the decrease of resistivity of the plasma due to accelerated electrons
produced by TLHRF, In fact, the thecry predicts that enhancement of
conductivity including the effect of fast electrons in He plasma is

about 1.5 times higher than H discharge, which show the agreement with

the experimental results [16,17,18].

4. Improvement of Current Drive Efficiency by NEI

Now, let us consider the reason why n of JT-60 is high compared

CD
with the other machines. The Fisch's theory predicts the difference of

n.. among the machine is little if the parameters are optimized.

CD
Therefore, the present theory cannot explain the result obtained in

JT-60 and we have to explore another reason. One possible idea is the
effect of electron temperature, which does not include explicitly in
the theory. Generally, there are gaps between phase veloclty of LHRF

v and electron thermal velocity Vth (spectrum gap), therefore, the

ph

electrons have to be accelerated up to v So, it can be predicted if

ph’

the spectrum gap is large, becomes low, and if that is small, "ep

"ep
becomes high.

According to this expedition, LHCD experiment was tried with
combination of electron heating by NBI. Fig. 10 is a typical data of
time dependencies of plasma parameters in OH+LHCD+NBI shots. LHRF is

injected Into the plasma of Ip==lMA from t=4.0sec with the power of

44__
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corresponds to IRF==1.7MA. This is the largest noninductive current

obtained to date on any tokamak, including current drive by NBIL.
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Figs. 9{a), (b) show the dependences of IpAVl/V

respectively. The closed and open symbols in the figures mean the
cases of \AVl/Vl|< 1l and !AVl/Vl[> 1, respectively. WAVI/V1\< 1
indicates the existence of some OH electric field contributing to the
current drive. Both figures show the IRF/PLH are in inverse propertion
to n,. The current drive efficiency at IAVl/Vl|2>1 is lower than the
case of |AV1/Vl[< 1, especially in He discharge. This may depend on
the decrease of resistivity of the plasma due to accelerated electrons
produced by LHRF. In fact, the theory predicts that enhancement of
conductivity inciuding the effect of fast electrons in He plasma is

about 1.3 times higher than H discharge, which show the agreement with

the experimental results [16,17,18].

4. Improvement of Current Drive Efficiency by NBI

New, let us consider the reason why 7 of JT-60 is high compared

CD
with the other machines. The Fisch's theory predicts the difference of

Nep @mong the machine is little if the parameters are optimized.

Therefore, the present theory cannot explain the result obtained in
JT-60 and we have toc explore another reascn. One possible idea is the
effect of electron temperature, which does not include explicitly in
the thecry. Generally, there are gaps between phase velocity of LHRF

v . and electron thermal velocity Vih {spectrum gap), therefore, the

ph

electrons have to be accelerated up to v So, it can be predicted if

ph’

the spectrum gap is large, becomes low, and if that is small, 7

"en cD

becomes high.

According to this expedition, LECD experiment was tried with
combination of electron heating by NBI. Fig. 10 is a typical data of
time dependencies of plasma parameters in OB+LHCDH+NBI shots. LHRF is

injected into the plasma of Ip==1MA from t=4.0sec with the power of

_4_
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PLH==O.88MW, and successively NB of PNBI

t= 4.8sec as shown in the figure. The drop of Vl change by NBI, i.e.

=8.8MW 1s injected frcm

iAVl/Vl|= 1.25 before NBI and [A,/V,|=0.75 during NBI. These values

correspond to I of 1.25MA, 0.75MA, respectively. On the other hand,

He increase froiF0.35><1019 m™? to 0.9x10*% m™? by NBI. These indicate
the change of Nen from 1.5 to 2.4. The current drive efficiency of

LHCD only (©) and LHCD+ NBI (@) are summarized in PLH/ne dependencies

of IRF in Fig. 11. The solid lines in the figure mean the current
drive efficiencies of nCD==l.O,2.O,3.O. In the case of LHCD only,

e
lies from 1.0 to 1.7, however, as clearly shown in the figure, nCD is
improved to 2.0 ~ 2.8 when NBI heating is combined.

In Fig. 12, the temperature dependences of current drive efficien-
cies with the data of other machines are shown [19]. The range of elec-
tron temperature Te during LHCD on JT-60 is Te=1.05~2.5kev for OH+LHCD
and Te==l.45“'3.lkev for OH+ LHCD+ KBI. The dashed lines in the figure
mean the value of a characteristic current drive efficiency j/P(= T/
ToVpe! @/kY, To=hTE 0 m2v, 0/ (n e Inh), t=6r(2ﬂ)l/2€02me1 /ZTES /2
(nizize“lnﬂ). These data indicate that the current drive efficiency

increases with temperature.

5. Current Profile during LHCD and Suppression of MHD Mode

The current by LHCD is formed by high velocity electrons accerelat-
ed by LHRF wave via Landau damping. Therefore, the plasma current
profile of LHCD may be largely different from the current profile
driven by OH. As the current profile of JT-60 cannot be measured
directly, it was deduced by cther indirect methods. Among them, the
time dependence of ! sometimes gives us useful information of the
change of current profile. 1In Fig. 13(a), the typical result of time

dependences of V A is shown. As the magnitude of B8_ is small

compared with lilin this densify region, we regard that Zdﬂ/dﬁ“-dli/dt,
which indicates the change of current profile. The values of A din-

creases during 200msec after LHRF injection and subsequently decreases
gradually. The final value of i is lower than initial value of A. On

the other hand, V. starts to decrease after LHRF injection with a time

1
lag of 200msec. From these data, the current profile is estimated

using the diffusion equation of poloidal magnetic field [20}. The
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H==O.88MW, and successively NB of P =8.8MW is injected from

PL N8l

t=4.8sec as shown in the figure. The drop of V. change by NBI, i.e.

1
|AV1/V1|= 1.25 before NBT and '4,/V,1=0.75 during NBI. These values

correspond to I of 1.25MA, 0.75MA, respectively. On the other hand,

RF
ﬁe increase from 0.35x% 10'° m™® to 0.9x 10%° m™ 3 by NBIL. These indicate

the change of Tep from 1,5 te 2.4. The current drive efficiency of

LHCD only (9) and LHCD + NBI (®) are summarized in P /He dependencies

LE

of IRF in Fig. 11. The solid lines in the figure mearn the current

drive efficiencies of nCD==l.O,2.O,3.0. In the case of LHCD only, Nep

lies from 1.0 to 1.7, however, as clearly shown in the figure, nCD is

improved to 2.0 ~ 2.8 when NBI heating is combined.

In Fig. 12, the temperature dependences of current drive efficien-
cies with the data of other machines are shown [19]. The range of elec-
tron temperature Te during LHCD on JT-60 is Te=l.05“2.5kev for OH+LHCD
and Te= 1.45~ 3.1keV for OH+ LHCD+ NBIL. The dashed lines in the figure
mean the value of a characteristic current drive efficiency j/2(= 1/

Ozmel/zTea/2/
(niZize”lnA). These data indicate that the current drive efficiency

—ime 2g 2 3 oA =61 1/2
Tovte/an/k), To 47_0 mv /(nee Inh)y, T=6m{(2T) >

increases with temperature.

5. Current Profile during LHCD and Suppression of MHD Mode

The current by LHCD is formed by high velocity electrons accerelat-
ed by LHRF wave via Landau damping. Therefore, the plasma current
profile of LHCD may be largely different from the current proiile
driven by OH. As the current profile of JT-60 cannot be measured
directly, it was deduced by other indirect methods. Among them, the
time dependence of /i sometimes gives us useful information of the
change of current profile. 1In Fig. 13(a}, the typical result of time

dependences of V A is shown. As the magnitude of B_ is small

compared with 1ilin this density region, we regard that Zéﬂldp“-dli/dt,
which indicates the change of current profile. The values of A in-

creases during 200msec after LHRF injection and subsequently decreases
gradually. The final value of A is lower than initial value of A. On

the other hand, V, starts to decrease after LHRF injection with a time

1
lag of Z200msec. From these data, the current profile is estimated

using the diffusion equation of poloidal magnetic field [20]. The

_5_
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calculation result is illustrated in Fig. 13(b), (c). Fig. 13(bL) is

the current profiles of each time calculated to fit the time depend-
encies of li, V1 shown in Fig. (c). These figures indicate that at
first the effect of LHCD begins to appear at edge of the plasma because
the time constant L/R at the edge is lower than that at the center due
to Redge:>Rcenter as R“‘Te'3/2. Therefore, the current in the edge
region disappear at first and the li increases. Successively, the
current component except the LHCD current at the center region decreases
gradually and the current profile becomes broad. The experimental
transition of A is explained well by the simple diffusion model of
poloidal magnetic field, though a more physical and quantitative model
is necessary. ' Fig. 14 is the measured dependences of AALH on PLH/(Tene).

. , ; . e
Here, AALH is defined as AhLH , which indi

hofrer LHOD ™ “before LHCD
cates the change of current profile. When AA<(Q, the profile becomes
broad, conversly when AA> (0, the profile becomes sharp. This figure
indicates that if PLH is relatively high, the current profile is flat
and if PLH is low, the prefilé is sharp, which strongly suggests the
pessibility of current profile control by LHCD power. Furthermore, as

well as‘PLH, the other parameters like N,, frequency, Bt can be used
for current profile contrel. In addition to the prefile contrel, the
suppression of MHD modes was observed on JT-60 as well as ASDEX, PETULA
and PLT [13-15]. Fig. 15(a) is the time dependent signal of soft X-

rays along with Vl’ 1 Ee and P It is clearly shown that the

RF’
sawtooth on the soft X-ray signal is suppressed by LHRF injection of

PRF=450kW.at tZB.OEsec. Also, tHe gignal of dﬁefdt, which is a

vibration of poloidal magnetic field ~B_ is given in Fig. 15(b). 1In

&

this experiment, LHRF of PR =1.0MW was first injected into the plasma

of Ip= 1.0MA, and NB of P

F
= MW is ins =

NBI 4.9MW is injected from t=5.1sec,
subsequently. As soon as LHCD is turned off (while NBT is still
injecting), ﬁe grows to a large wvalue. Though we cannot distinguish

the mode number of B probably the change of ﬁ% depends not on the

as
amplitude of ﬁe'but on the change of frequency of rotation of plasma
in poloidal direction. So, the figure indicates that LHCD effectively
suppresses the enhancement of frequency of plasma rotation by NBI.
These results may give us the possibility of improvement of plasma

confinement by LHCD [20,21].
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6. Summary

The LHCD current drive experiment on JT-60 provides the first
results on a reactor grade tckamak and has confirmed the potential of
current drive by LHRF seen in small and middle sized tokamaks. The

main results obtained in this experiment are as follows;

(1) The plasma current of I F=1.7MA was driven by LHRF with the

R

power of P H=:1.2MW at Ip==2MA, t_le“'O.?}>< 10° n” 3,

L

(2) Recharging and current ramp up was demonstrated. The ramp up
efficiency and the recharging efficiency are estimated to be
TRaMP 0.2 and nrecharge = 0.2.

(3) The current drive efficiency "ep is D==1.O“'1.7. This value is

T
higher than the data of other small OS middle sized tokamak
hCD==O.5“‘1.5. This may be due to the effect of high electron
temperature.

(4) The current drive efficiency was improved by the combination
of LHCD with NBI. Then e increased from 1.0 ~ 1.7 to
2.0 ~ 2.8.

(5) The current profile broadened for relatively high P
Pru” 27ly) ~

(6) The suppression of sawtooth on the soft X-ray signal and Be by

TH'

LHCD was obserbed.
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6. Summary

The LHCD current drive experiment on JT-60 provides the first
results on a reactor grade tokamak and has confirmed the potential of
current drive by LHRF seen in small and middle sized tokamaks. The
main results obtained in this experiment are as follows;

(1) The plasma current of T F=1.7MA was driven by LHRF with the

R

power of P, =1.2MW at Ip=2MA, Ee~(3.3><1()19 m™ 3.

L
(2) Recharging and current ramp up was demonstrated. The ramp up

efficiency and the recharging efficiency are estimated to be

Tgamp = 0.2 and Wrecharge = 0.2.

(3) The current drive efficiency Nep is T

higher than the data of other small or middle sized tokamak

n= 1.0~1.7. This value is

hCD==O.5“-I.5. This may be due to the effect of high electron
temperature.

(4) The current drive efficiency was improved by the combination
of TLHCD with NBI., Then "ep increased from 1.0 ~ 1.7 to
2.0 ~ 2.8.

(5) The current profile broadened for relatively high PLH'
(Pry” 2mpolp) N

(6) The suppression of sawtooth on the soft X-ray signal and B8 by

LHCD was obserbed.
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{b) The power spectrum as the refraction along the

magnetic field N//.
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(a}

T T
w {b)

x1012

T (sec)

Typical time dependences of plasma parameters in the
current drive experiment under Ip constant control at
PLH=1MWg BT=4T with hydrogen plasma.
{(a) plasma current Ip and RF power
(b) one turn voltage Vl

(c) electron density Ee

{d) Shafranov lambda A

(f) current of OH IF
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(¢) OH coil current I
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current sustain and current ramp up by LHCD without
constant control.
(a) current sustain

(b) current ramp up
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Fig.10 Typical data of time dependence of plasma parameters in

OH+LHCD+NBI shot. From top figure, Vl’ powers of NBI and

RF, ne and Bp+li/2 are shown.
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Fig.13 (b) The current profiles at each time calculated using the
diffusion equation of poleidal magnetic field to fit
to the time dependences of 1; and V; shows in (c).
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(a) soft X-ray with Vi, A, A, and Pgp. The power of

RF is 450 kW.



SHAFRANOV LAMBDA (SSD)

x1a-1

6.0-5.8-4.0-3.8-2.0-1.8-9.0 1.2 2.2 3.0 4.9

n o
o n @
. en_
x| %
E L
o [\
N
o oL
Y]
- _:3
O *
L~ B
o
- L
L "~
C Lo
- L
- @| -
. N5
:. -4_%
™
:8 | G-
- .
—'_. -
re | %
o [
g
"W el T
F =
E sl
L)
—~
Beg
(au)
Fig.15

JAERI—M 87—061

DATE BE-11-11

o SHOT NO. E@Q@2833 ‘BT = 3.991 Te
- T I T T T I T T T T I T T T T T T T ‘ T T T 'i_M .
o N Jeu

- R A T
o -.r:g" Y"‘\'-".f'f"J"".:'\v':-_:S
R 1-
of EE
of 1
~E a°
sf v
of i
of 3¢
E 3%
= 2 1
Sf 37
<k .:g
sf = 17

N K LS 11

= nel; B Attt o]
MF 1.
= T
e L 11
N;':k _:G.
- 4w
@ 41

r J=
N g
oL 3!
of 4%
o 7.8
1.8 T K

2.5

9.9
-8.5
-i.8 - [ T - NP

T 4,9 4.5 5.9 5.5 7.0

X
TIKE

Time dependences of soft X-ray and dBg/dt.

(b) dﬁ@/dt and with the time transition of Vi, fg, A

and powers of RF and NBT.

PNBI=4.9 MW.

Here, Prp=1.0 MW and

ONE-TURN VTG.



