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Feedback control of edge turbulence in a tokamak
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An experiment on feedback control of edge turbulence has been undertaken on the KT-5C tokamak. The
results indicate that the edge turbulence could be suppressed or enhanced depending on the phase shift of the
feedback network. In a typical case of 90° phase shift feedback, the turbulence amplitudes of bhoih
n. were reduced by about 25% when the gain of the feedback network was 15. Correspondingly the radial
particle flux decreased to about 75% level of the background. Through bispectral analysis it is found that there
exists a substantial nonlinear coupling between various modes comprised in edge turbulence, especially in the
frequency range from about 10 kHz to 100 kHz, which contains the large part of the edge turbulence energy in
KT-5C tokamak. In particular, by actively controlling the turbulence amplitude using feedback, a direct
experimental evidence of the link between the nonlinear wave-wave coupling over the whole spectrum in
turbulence, the saturated turbulence amplitude, and the radial particle flux was provided.
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[. INTRODUCTION rectly applicable to the plasma edge turbulence in tokamaks.
However, the experiment carried out on the Texas Experi-
A major roadblock to plasma confinement in a tokamak ismental TokamaKTEXT) indicates that edge turbulence can
due to anomalous transport, which cannot be described bjye enhanced or reduced by applying feedbddk-21, and
the present neoclassical theories of simple Coulomb collithat the effects of feedback depend upon the phase shift and
sions of electrons and ions orbiting in the sheared magnetithe gain of the feedback network.
field [1-3]. Generally plasma turbulence has been consid- In this paper the experimental results on feedback control
ered as a probable source of the anomalous heat and partigéthe edge turbulence on KT-5C are presented. In particular,
transport in tokamaks. Experiments have shown that trandy using this feedback control technique we can actively
port due to turbulent electrostatic fluctuations can accoungontrol the edge turbulence amplitude to provide direct ex-
for most of the edge plasma particle and heat trangge:®). perimental evidence of the connection between the nonlinear
Moreover, many theoretical models of plasma edge fluctuacoupling of the various modes comprised in turbulence, the
tions also indicate a strongly turbulent nature with significanturbulence amplitude, and the radial particle flux. All these
consequences for transpdm—9]. Not only from the highly  could not only provide substantial experimental information
turbulent edge region serving as a boundary for the interiopn the investigations in new applications of effective control
plasma but also from the experimental observations of imof edge turbulence to achieve an improved plasma confine-
proved plasma confinement in tokamgl®,11], it is sug- ment but also help to understand the properties and the origin
gested that edge confinement plays a critical role in the deof the turbulence. This paper is organized in the following
termination of a global plasma confinement. Therefore, avay. In Sec. Il, we describe the experimental setup and the
main task in magnetic confinement plasma physics is to findletails of the data analysis techniques. The experimental re-
a way to actively control the edge turbulence. Early worksults and discussion on the feedback effects are presented in
shows the feasibility of suppressing plasma instabilities usSec. Ill. A summary and conclusions of this work are con-
ing feedback control techniques, for example, the feedbact@ined in Sec. IV.
experiments to suppress the drift instability in hollow-
cathode arc discharge pl_a§|ﬁ132], the flute instability in the Il. EXPERIMENTAL SETUP
plasma produced by a Lisitano type e_Iectron-cycIotr_on reso- AND ANALYSIS TECHNIQUES
nance heating structufgl3], and, particularly, a series of
experiments carried out successfully on the Columbia Linear The KT-5C tokamak is a small size, ohmically heated
Machine[14—-17. These experiments not only serve as ex-tokamak with the following parameters, major radius
cellent paradigms but also resolve the basic physics issuds=32.5 cm, plasma radiusa=9.5 cm, plasma current
for control of tokamak instabilitief14]. However, all these 1,=10~20KA, toroidal field B;<0.7 T, electron density
experiments involve only one single mode or two modesne=10"*~10" m™3, plasma duration time,~2 ms, central
with a well-defined frequency and wave number. But in aelectron temperatur€,~ 100 ev.
tokamak edge the turbulence is generated through the strong Figure 1 depicts the schematic diagram of the experimen-
nonlinear coupling of various modes and is manifested withtal setup. Two sets of movable Langmuir probes have been
a broadband spectrum characterized by short perpendiculased in the experiment, which have identical geometrical
wavelengths and short perpendicular correlation lengthsonfigurations and dimensions, as shown in Fig. 1. Each
[1-3]. Therefore, the previous feedback work cannot be difprobe pin is made of a tungsten rod with 1 mm diameter and
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KT=5C Tokamak inside the full circular limiter, in order to keep the magnetic
vacuum vessel connection between these two probes. Along the magnetic
field line the distance from prob& to probeB is approxi-
mately 3 m. Besides the detailed calculations of the magnet-
Pre ﬂﬂﬂ[ ics of KT-5C, a wave-launching system is used in our ex-
periment to ensure the configurations that prébend probe
B are located on the same magnetic field line. Earlier experi-
ments on the KT-5¢23] and the TEXT[18-2( indicate
that the propagation of the externally excited fluctuation is
taking place along the magnetic field line. This result could
Data acquisition be used to calibrate the required configuration in our experi-
] ment. Applying a signal of 50 kHz from a function generator
and then being power amplified on p&l and A2, there
would appear a peak at the driving frequency in the power

Probe B

Power amp

Phase

Probe A Probe B . . .
spectrum of the floating potential fluctuation measured by
WM pinliy probeB by adjusting the toroidal fiel&; and plasma current

I, to appropriate values. Fine tunifgy andl,, the peak in
the power spectrum can reach a maximum, which means that
pinl ey probeA_and probeB are_located on the same magnetic_field
/ line. This phenomenon itself demonstrates that the stationary
plasma discharge required by the experimental configuration
o _ ~ is well satisfied. Besides, no apparent change of the flat top
FIG. 1. Schematic diagram of the experimental setup, showing the plasma current recorded by the digiti¢g2-bit, linear
the construction of the probes and their orientation to KT-5C t°ka'precision better than 0.1phas been observed between sepa-
mak. rate discharges. All these facts indicate that the required con-
figuration is well established on KT-5C.
the tip length is 2 mm. The center distance of the adjacent The standard spectral analysis technique is used to pro-
two pins is 5 mm. A power amplifier with a frequency band- cess dat§24—27. For a measured signai(x,t) consisting
width from 1 kHz to 200 kHz and a 3.5 kW peak output of N samples¢(x,IAt) wherel=0, ... N—1, the sample
power is used to drive the two pinAl andA2) on one interval At=T/N, the record timeT, the sample discrete
probe called probA. The driving current is sampled through Fourier series coefficient may be computed,
an inductionless resistor of 0@. Another probe called
probeB is used to measure the floating potential as the feed- ~
back signal through a constant phase shifter after being CD(X,f):NE d(x,|At)exp( —i2wflAt), D
. ; . i 1=0
preamplified and filtered. The relative position of these two
probes is shown in Fig. 1, with prob% placed in the hori-
zontal direction and probB in the vertical direction sepa-
rated 67.5° toroidally from probA. The power amplifier is
utilized with its ground floating, while the experimental by
setup on TEXT with its power amplifier working with a dc ~ ~
bias[18—21. A 16-channel and 12-bit digitizer is used to P(x,f)=®* (x,f)D(x,T). 2
record experiment data at the sample rate of 500 kHz. Since
most energy of the edge turbulence is generally concentrated For the given signalgh,(x;,IAt) and ¢,(x,,1At), their
in the frequency range from 10 kHz to 200 kHz, a butter-discrete Fourier series coefficients ad;(x;,f) and
worth high-pass filter witm=2 is 'ut|I|'zed to fllter'the dc and d,(x,,f), then the sample cross spectrum is
low frequency components. This filter would introduce an
additional phase shift which we will mention later. Accord- - ~ _ .
ing to the principles of the control scien¢22], the phase Pg16,(1) =1 (X1, ) Pa(x2,f) =C(H) +iQ(F), (3
shift and gain are the key issues of a feedback network. A
constant 90° phase shifter is used in our experiment. We thughere C(f) and Q(f) are, respectively, the in-phase and
have four options for the phase shift of the feedback netgquadrature components of the cross spectrum. The phase
work, that is, 0°,90°,180°, and—90°, by switching the angle betweenrp; and ¢, is
power amplifier to work in a state of in-phase or out-of-
phase. 9¢1¢2(f)=tan‘1[Q(f)/C(f)]. (4)
In our experiment the KT-5C tokamak is operated with its
toroidal field B; and plasma currerit, in a typical case, in

N—-1

where f=nAf in whichn=0,... N—1, andAf=T"!is
the frequency resolution. The autopower spectrum is given

) . If ¢, and ¢, are the same physics parameters measured at
which probeA and probeB are placed on the same magneticy o different locations, the sample local wave number is

field line. This magnetic field line rotates helically about a :

5/4 circle along the toroidal direction and about a 1/4 circlethen given by
in the poloidal direction, connecting prol#e and probeB. K= 8 £/ .
ProbeA and probeB are inserted at=9 cm, just 0.5 cm ()= ¢1¢2( )MXp s ®
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wherex,=X; — X, is the distance between the location of the
two measured signals.

In order to acquire the ensemble average to reduce the _
statistical error level, every value we used in the spectral
analysis is the average value over 30 or 60 successive shots.
The data we used are acquired at the time corresponding to
the flat part of the plasma current.

f

Ill. EXPERIMENTAL RESULTS AND DISCUSSION

A. Feedback control results

When direct feedback is applied, the power spectrum of
the floating potential fluctuation measured by B8 is dis-
played in Fig. 2a). It is shown that the turbulence was en-
hanced in the spectrum below 100 kHz. This enhancement is
not only localized at the location of prol#e but the turbu-
lence measured by piB1 also shows this enhancement, as
in Fig. 2(b). Through correlation analysis between the input
and output of the feedback network, the phase shift of the
feedback network can be derived, as shown in Fig).at
can be seen in this figure that the phase shift is almost 0° in
the range of 30 kHz to 150 kHz. At a frequency below 30
kHz there exists an apparent phase shift; this may be attrib-
uted to the use of the high-pass filter which can introduce an
additional phase shift at low frequency. As to the additional
phase shift above 150 kHz, it may be due to the frequency 180°
response of the feedback network not being high enough to |
respond to the variation with a frequency exceeding 150
kHz.

Similar results can be obtained when feedback with a
180° phase shift was applied, the turbulence amplitude be-
comes greater than it is without feedback, as shown in Fig. 3.
However, there exists a difference when-80° phase shift
feedback is applied. It is obvious that besides the turbulence
being enhanced in the frequency range below 100 kHz, as
above, there appears a sharp peak in the power spectrum of -180° I , , , ,
the measured floating potential fluctuation, which is shown o 50 100 150 200 250
in Fig. 4.

A typical case which shows encouraging results is the frequency(kHz)
feedback with a 90° phase shift. The power spectrum of the
floating potential fluctuation measured by g8 under such
a feedback is shown in Fig(&. It is obvious that the whole

spectrum below about 100 kHz were reduced to about thﬁ:e background case and the solid line corresponds to the case un-

0 . -
75% level as the background. Figurtbbdisplays the phase der direct feedback with a gain of 1&) Phase shift of the feedback

angle between the input and output of the feedback network . . . .
which denotes the phase shift of this feedback network. Hetwork obtained through the correlation analysis between the input

. . . and output of the feedback network.
We repeat the above experiments with the difference that P

the feedback signal comes from the measurement of pigr pin B1. These facts indicate that the extent of the feed-
A3, which is the analog of the near sensor feedback on thgack effects are limited along the magnetic field line. How-
TEXT [18-21. From these experiments the same resultsver, our feedback experimental results differ from those on
have been obtained as above, which are as folld@swhen  the TEXT[18,19, where the turbulence is reduced with an

a 0°,180°, or—90° phase shift feedback is applied, the tur- out-of-phase feedback and enhanced with an in-phase feed-
bulence amplitude is enhance@ when a 90° phase shift back. This may be due to the difference in the arrangement
feedback is applied, the turbulence is redud@i;the feed-  of the feedback network and the parameters of the plasma in
back effects, with enhanced or reduced turbulence amplitudehese two devices.

are not localized at the location of proBebut are also at the The above experiments have been done by fixing the gain
location of probeB. It is also found that when the toroidal of the feedback network to be 15. We also have undertaken
field B; or the plasma currenit, is changed, probé and the experiments with a different gain of the feedback net-
probe B cannot be maintained on the same field line, thework. The results indicate that the higher the gain of the
feedback effects vanishes in the measurement oBdinno  feedback network, the more effective the feedback appears.
matter whether that the feedback signal comes fromA8n  Figure 6 shows the power spectrum of the floating potential

power spectrum of V (arb. units

90° b

-90° -

phase shift (deg)
<

FIG. 2. Power spectrum of the floating potential fluctuation
easured bya) pin A3 and(b) pin B1. The dotted line indicates
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FIG. 3. (a) Power spectrum of the floating potential fluctuation
measured by pir3. The dotted line indicates the background tur-  FIG. 4. (a) Power spectrum of the floating potential fluctuation
bulence and the solid line indicates the result by applying a feedmeasured by pi3. The dotted line indicates the background tur-
back with a phase shift of 180° and a gain of . Phase shift of  pulence and the solid line indicates the result by applying a feed-
the feedback network. back with a phase shift of 90° and a gain of 15b) Phase shift of

the feedback network.
fluctuation measured by pi3 in the feedback with a phase
shift of 0° and 90° and a gain of 10 and 15, respectively, inThe electron density fluctuation can be derived through the
the case where the feedback signal is derived from the meaeasurement of the ion saturation current,
surement of pirB1.
From the above experiments, it is found that the feedback

- al;
effects are mainly dependent upon the phase shift and the Ne(t) = \/_;_—On- (7)
gain of the feedback network, regardless of the location from e

rrI]ZI(;ZstSI? ;ﬁeggi%klglglrgzal.rchoernreez;sghrisfclj ;Risaggi?g]sgtﬂ\:\g trhesults similar to those of the potential fluctuation have been
hiah correlation of thé ed e turbulence alona the ma I,]etiobserved for the fluctuating electron density and electron
1gn « 9 g the 9 ‘femperature at different feedback arrangements. In order to
field line and the long parallel wavelength of the highly cor- et a clear comparison between the feedback results and the
related_ edge turbulence. _However,_thes_e edge_ turbulen ackground, we calculated the fluctuation amplitude in dif-
properties have been studied extensively in previous eXPerk, ont feedback arrangements through the probe measure-
ments[4,27-3. . ment. The root-mean-square value of the fluctuation ampli-
The effects of feedback on the fluctuating electron den;[ude s defined as
sity, as well as the fluctuating electron temperature, are also
investigated in our experiment. According to the triple-probe
theory [31], applying an external constant voltagé,
(Vo=4T,, to ensure the collection of ion saturation curjent = = = o
between pirB3 andB4, while making pind81 andB2 float Te=([(Te(t)) ~ Te(H) ]9 ©)
in plasma to measure the floating potential at their locations; . .
thus, the fluctuation of the electron temperature can be digféfagé \(/jvir;%t?hteh?int:g]?s ?gﬁéagﬁéJgite?Sb?g ltr;ensr_}_saebrlr;blltla
rectly derived b g7 TR
Y Y give the normalized fluctuation level of and T, measured
:I:e(t)=(ln 2)*1T/d, (6) by _probeB in different feeglback arrangements, including
their background values. It is shown in Table | and Table Il
in which V4 is the potential difference between the floatingthat the fluctuation amplitudes of boffi, andn. are in-

potential and the potential of the positively biased probe pincreased in the feedback with a phase shift of

ﬁe:<[<ﬁe(t)>_ﬁe(t)]2>1/2’ (8
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FIG. 6. Power spectrum of the floating potential fluctuation

FIG. 5. (a) Power spectrum of the floating potential fluctuation measured by pimA3 under different feedback arrangements; the
measured by pif3. The dotted line indicates the background tur- dotted line indicates the background turbulence, the dashed line
bulence and the solid line indicates the result by applying a feedindicates the case with a gain of 10, and the solid line indicates the

back with a phase shift of 90° and a gain of 1) Phase shift of  case with a gain of 15a) Direct feedback andb) feedback with
the feedback network. 90° phase shift.

0°,180°,—90°. On the other hand, they are decreased in thevave number of any significant spectral component to avoid
90° phase shift feedback. This can be taken as the crossideterminacies of- n2#/x, in the measured wave number.
check of the above spectrum analysis in different feedbacklowever, edge turbulence measurements from diverse ma-
arrangements. chines exhibit a general consistency, for example, the aver-
A coupling between the plasma density and radial velocage poloidal wave numbek, lies in the range of
ity fluctuation can give rise to a radial particle fli®5,27. 2—-4cm™! and the poloidal correlation length is about
This electrostatic fluctuation-driven particle flux can be de-1 -2 cm[1-3,27-30. This ensures that our probe design is
termined from a cross-correlation analysis between the flucappropriate for estimating the particle flux. In addition, the
tuation of plasma density and the poloidal electric field. BySUCCESSfU' app“cation of a similar protﬁg45 cm Separation
averaging the cross correlation over time instead of an emetween adjacent probesn a similar tokamakPretex} sug-
semble average, we obtain a steady-state fluctuation-drivegests the validity of our analysis of the data obtained from
particle flux across the magnetic field, the probe measuremefi27]. Furthermore, we have com-
pared the flux via this spectral analysis technique with the
— 4ar (= . flux calculated from the data obtained by the sweeping
I =(nu,)= EJ; Ko(F)[Png(f)]sin 6ny(F) 1T, double probe with a smaller probe separation of 3 f88.

(10 TABLE |. Normalized electron density fluctuation./n, in dif-
wherek, is the local wave number determined by the crosgerent feedback arrangements, the background value is 0,72.
correlation of the floating potential fluctuation measured bythe equilibrium electron density at the location of prdbe
two poloidally placed probe ping81 andB2. P, and 6,,

are the cross spectrum and phase angle between the density Phase shift Gain 10 Gain=15
and potential fluctuations, respectively. In principle, this 0° 0.82 0.87
technique requires that the probe pin separation must be 90° 0.61 0.54
small enough so that all the probe pins are located within the 180° 0.79 0.84
high correlation column, andr/x, (X, is the separation of —90° 0.93 1.03

two poloidally placed probe pings greater than the highest
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TABLE Il. Normalized electron temperature fluctua'[iag/Te

in different feedback arrangements, the background value is 0.37.
Te is the equilibrium electron temperature at the location of probe
B.
04
Phase shift Gain 10 Gain=15 =
N
0° 0.43 0.44 Q
90° 0.32 0.29 0.2
180° 0.41 0.46
—-90° 0.47 0.51
0 L L 1 L
0 50 100 150 200 250

There was agreement within experimental error for these two
independent techniques. These facts serve as a strong indica-
tion that the analysis and the application of such techniques
in our experiment are b_eing corre_ctly performed and that the FIG. 7. The intearated bicoherend(f) of the backaround
pla_sma phenomena being |nvest|gz:;1ted ar? accurately Charq‘%ating potential flucgtuation measure(?i)(y )m. Dashed I?ne in-
terized. Table Il presents the radial particle fllix mea- dicates the experimental uncertaingy-0.13.

sured by prob@ in different feedback arrangements, includ-

ing its background values. It is shown in this table thatvalue of b2(f,,f,) near zero implies an absence of coher-

forresponﬁtlng tf[)hthe énc:lrea$?rl d(felcreals)eof the fél:;}c;t(l;a- ence for the interaction and, thus, suggests that the waves at
lons ampitude the radial particle Tux aiso increa € fi.f,andf=f,+f, may be spontaneously excited indepen-

Erease)s_(‘jl'msdonettr(]) one Iconntehcnto_n, to so(;ne e>f<_tent, COtUIddent modes of a system. For the purpose of this paper it is
€ considered as thé analogy that improved confinement Call ;.o 1o present the integrated bicoherency
be achieved when the edge fluctuations are reduced due 0

the sheared poloidal rotation in the transition frarmode to

frequency(kHz)

H mode confinement. bz(f)zf > f b%(f1,f5), (12)
1+ 12=
B. Nonlinear nature of the edge turbulence which represents the fraction of the total powef athich is

Most models of plasma turbulence predict that the instacoupled through three-wave interactions. It allows one to dis-
bilities are saturated through wave-wave interactions transcfiminate between waves spontaneously excited in plasma
ferring the fluctuation energy to wave-number-frequency@nd those generated by the former through nonlinear cou-
components that dissipate the enefgg,34. A bispectral  Pling. . _ _
analysis could provide the information about the nonlinear Figure 7 displays the integrated bicoheremgyf) of the
interaction of wave-wave coupling in turbulen¢as,36. background fluctuation of the floating potential measured by

The bicoherency of the signai(t) is defined as pin A3, the dotted line indicates the experimental uncertainty
~ = = Y(y=2¢,+1,-11/M~0.13 whereM is the number of real-
b2(f, f,)= (D(F1)D(f,)D*(f))? D izations. It is shown that the obtaineb?(f), in the whole

spectrum, is large compared tg which means that there
does exist nonlinear interactions between the various modes
in turbulence. It is clear, in this figure, that the degree of the
nonlinear coupling decreases while the frequency increases.
Since the turbulence energy is mainly concentrated in the
Yrequency range of 10 kHz to 100 kHz in the KT-5C toka-
%ak, as shown in Fig. 2, it is suggested that part of this
energy comes from the redistribution of the energy contained
in plasma instabilities through the nonlinear mode coupling.
The b?(f) from the measurement of piA3, in different
On the other hand, @ feeghack arrangements, are plotted in Fig. 8. For comparison
the background?(f) is also given in each subfigure. The
_b?(f) spectra, in different feedback, show the same tendency
'j3s the backgrounb?(f), with the role of nonlinear coupling
decreasing as the frequency increases. However, the main
feature of these plots is the variation of the degree of the

[(|D(f)D(f)|DP(F)]’

whereP(f) is the autopower spectrum ¢f and®d(f) is the
Fourier transform of the time traceé(t). The bicoherency
measures the fraction of the fluctuation power at a frequenc
f, which is phase correlated with the spectral components
frequency f; and f, obeying the summation rule
f=f,*=f,. Physically the bicoherency will take on a value
close to unity when the wave dt=f,;+f, is excited by
coupling of the waves at; and f,.

TABLE Ill. The radial particle fluxI', measured by probB in
different feedback arrangement, the background value
1.13 (16%cn? s).

Phase shift Gainn 10 Gain=15 . . v .
nonlinear interaction in the whole spectrum. Under positive
0° 1.21 1.28 feedback, which indicates the case that the turbulence is en-
90° 0.93 0.87 hanced, the strength &(f) is reduced, as shown in Figs.
180° 1.23 1.31 8(a), 8(c), and &d). On the contrary, while in negative feed-
—90° 1.32 1.49 back the strength ob?(f) is increased, as shown in Fig.

8(b). This result demonstrates that there exists an interlink
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b?(f)
b?(f)

b?(f)

0 50 100 150 200 250 0 50 100 150 200 250
frequency(kHz) frequency(kHz)

FIG. 8. The integrated bicoherenb(f) of the floating potential fluctuation measured by pia in different feedback arrangemetd)
direct feedback(b) feedback with 90° phase shift) feedback with 180° phase shift, afd) feedback with—90° phase shift. The dotted
line indicates the background, the solid line indicates the feedback results, and the dashed line indicates the experimental uncertainty
v=0.13.

between the nonlinear wave-wave interaction of the varioushe gain of the feedback network. In the particular case of
modes in turbulence, the turbulence saturated amplitude, ariD°® phase shift feedback, the amplitude of floating potential
the radial particle flux. When the degree of nonlinear inter-fluctuation spectrum components, the absolute fluctuation
action increases, the turbulence saturated amplitude déevels of bothT, andn, were reduced by about 25% when
creases, and, thus, the radial particle flux decreases. On thige gain of the feedback network is 15. Correspondingly, the
other hand, when the role of the nonlinear interaction deradial particle flux decreased to about 75% of the back-
creases, the saturated turbulence amplitude increases and titeund level. Through bispectral analysis, it is found that
radial particle flux increases correspondingly. The minimunthere does exist the nonlinear wave-wave couplings between
in theb?(f) plot in the case with- 90° phase shift feedback the various modes in turbulence, which might redistribute the
in Fig. 8d) means that the peak in the power spectrum inenergy contained in plasma instabilities and concentrate the
Fig. 4@ corresponds to an almost spontaneously excite@nergy in the low frequency from about 10 kHz to 100 kHz.
mode, and is not generated by the nonlinear mode couplingzurthermore, by actively controlling the turbulence ampli-
tude, a direct experimental evidence of the connection be-
tween the strength of the nonlinear interaction, the saturated
IV. SUMMARY turbulence amplitude, and the radial particle flux was pro-
vided. All these results obtained in our experiment could

through feedback techniques has been carried out on t ovide important benchmarks for a better understanding of
e plasma turbulence nature and make a significant contri-

KT-5C tokamak by using two Langmuir probe sets. The re-b tion to the di f licati : trol th
sults indicate that the effect of the feedback is mainly deter- ution to the discovery of néw applications fo control the
dge turbulence to achieve improved plasma confinement.

mined by the phase shift and the gain of the feedback ne
work, having little dependence at all upon the location where

the feedback signal was obtained. Under different feedback ACKNOWLEDGMENT
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The experiment in actively controlling edge turbulence
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