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Nonlinear Effects of a Rotating Magnetic Field Error 

Perturbation t K.A. MIRUS, J.C. SPROTT, University of Wisconsin­
Madison - Periodic perturbations applied to chaotic systems have been 
illustrated both numerically and experimentally to control the systems' 
dynamics or change their dimensionality. Such a perturbation has been 
applied as a rotating n=6 radial magnetic field error to the toroidal gap 
of the MST reversed-field pinch. Low power experiments done at fixed 
frequencies of 11 and 22 kHz show a shift ii�' the peak of the power spec­
trum of edge magnetic fluctuations, but do not seem to lower their im­
measurably high dimension. However, there is sorrie evidence of stochas­
tic resonance (the amplification of a weak periodic signal applied to a 

nonlinear system in the presence of an optimal amount of noise). Future 
experiments using greater perturbation amplitudes and different pertur­
bation frequencies should provide clearer results. 
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Revised Abstract 

Periodic perturbations applied to chaotic systems have been 

illustrated both numerically and experimentally to control the 

systems' dynamics or change their dimensionality. Such a 

perturbation has been applied as a rotating n=6 and n= 1 radial 

magnetic field error to the toroidal gap of the MST reversed field 

pinch. Low power experiments done at fixed frequencies of 11 and 

22 kHz show a shift in the peak of the power spectrum of edge 

magnetic fluctuations, but do not seem to lower their immeasurably 

high dimension. However, there is some evidence of stochastic 

resonance (the amplification of a weak periodic signal applied to a 

nonlinear system in the presence of an optimal amount of noise). 

Future experiments using greater perturbation amplitudes and 

different perturbation frequencies should provide clearer results. 

This work was supported by the U.S. Department of Energy. 
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I. Motivation 

• Motivation from a standard mode rotation 
point of view: 

• Rotating field errors are known to 
help prevent locking through 
entrainment of resonant islands to the 
rotating perturbation. The perturbation 
essentially serves as an asynchronous 
induction motor. 

• The m= 1, n=6 mode is a dominant 
mode in the MST. Thus, an n=6 
perturbation was initially chosen to be 
applied. 

• An m=O, n= 1 mode is dominant at the 
reversal surface, so an n= 1 perturbation 
has also been applied. 

• Motivation from a nonlinear dynamics 
point of view: 

• Control of some simple chaotic 
systems with small system perturbations 
has been established.' 

• The " induction motor" provides a 
good starting point to search for similar 
effects in the MST . 
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II. Experimental Apparatus 

• The n=6 and n= 1 induction motors each 
consist of two sets of coils which thread the 
toroidal gap of MST in appropriate locations 
to yield the desired mode structure. 

• The two coil sets for each induction 
motor are driven in quadrature with resonant 
RLC circuits to give a rotating field error 
(see poster 2S.1 0 for further details) . 

• Due to present circuit limitations, no 
more than -80A P-P has been driven in the 
induction motors. 
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I I I. General Effe..cts Qn Mode 
Rotation and Locking 

• The n=6 induction motor see m s  to 
increase the rot ation frequency of the m =l, 
n=5 ,6,7,8 modes a bit, but it  does not 
increase the n=6 mode amplitude. 

• The n= 1 induction motor does not seem to 
have any effect on the usually locked m=O, 
n=l mode. 

• For a couple ano m alous shots, the pl asma 
lo cked or unlocked with the application of a 
1 0  msec gated n=6 perturbation. 

• Su m mary of the overal l occurance of 
locked shots with the induction motors: 

number of 
pol es 

. 
In 

"m otor" 

no motor 

n=6 

n=6 

n=6 

n=6 

n=l 

n= l 

d riv e 
frequency 
(kHz) 
- - - -

23.0 

23.0 

10.9 

1 0.9 

1 0.0 

1 0.0 

c o- o r  
counter- . 
rot ating 
- - - -

co-

counter-

co-

count er-

co-

co unt er-

10 

percent 
unlocked 
s ho t s  

68% 

65% 

80% 

52% 
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69% 

50% 



N 
::r:: 
.x 

N 
::r:: 
.x 

N 
::r:: 
.x 

n=6 Induction Motor, 23 kHz 
Co-rotating shots from 10 to 30 msec. on 29-JUN-1996 

15 n=6 

10 

�-t-+ 
5 )8[+ + 

� 0 � ' � ++ � -tt-
0 

290 2�tL6 mqu�<f1SC;Y �k� n]� 5 15 

10 

5 )8[ 
-iF-

o I + 
0.5 

J 

15 'u. " I CJ T \ PI j 

320 

2 

10 
L d/ J?"� ' �lF�L+J --, -

n � )(>X =1i�* '1f + +-PC _ --1- 4-

5 IJ-,: X JZ[ OX 
o L' ______ L-____ -L ______ � ____ � ______ � 

100 200 300 400 

Mode (n) 
500 600 

N 
I 
� 

N 
I 
� 

151=6 

10 

+f 

loop voltage 
i i 

5 L ++)8[ 
><":x�, 

+ 
� 

+ ++>t o I I I I I I 

{hJ13 fr�4uen2J vs.1f3notofOcurfJnt 
• • • • .�AF<AF1 ,( ... \. • • • 

1 0 t= � � I_I .. : I' I ::i""1r, �=i 

5 
.- --.----.- - - - -�,.-- _. 

N 
I 
� 

10 
X 

+ 
5 

+-­
f�4-X 

f � ++ X + t+: 
o I I X t I 

-0. 17 -0.165 -0.16 -0.155 -0. 15 

� 
!'-i 



VJ 
(f] 
::J 
o 

o 

VJ 
(f] 
:J 
o 

o 

VJ 
(f] 
::J 
o 

o 

n=6 Induction Motor, 23 kHz 
Co-rotating shots from 10 to ]0 msec. on 29-J UN -1996 

10 
n=6 

7.5 
5 

2.5 
o I I I I 

1 0290 2g�6 �Alplr{<&Je �k? n]d 5 
I I i i i  1 

7.5 
5 

2.5 

320 

o I� ____ � ______ � ______ � ______ � ______ � ____ � 0.5 
10 

7.5 
5 

2.5 

2 

o I� ____ -L ______ L-____ � ______ � ____ � 

100 200 300 400 500 600 

l/) 
(f) 
:::::5 
o 

o 

l/) 
(f) 
:::::5 
o 

o 

l/) 
(f) 
:::::5 
o 

o 

1cr=6 amplitude vs. loop voltage 
• I i i I I 

7.5 
5 

2.5 
o , I I I I I 

fa Jl6 a � pi it u d @ v s. 1 f3n 0 t of-O cur Pc?n t 
i , I f i i i I i i  i 

7.5 
5 

2.5 

o �I ������������ 

10-5 0 n5=60drh�qifdcf���.4<P:-45 50 
I 

7.5 
x+ 

�tI= X  
5 

2.5 
o �I ______ � ____ � ____ � ____ � 

-0.17 -0.165 -0 . 16 -0.155 -0.15 

C\l 
,..-i 



Co _ Rot-oJi.1'\1 ?er- �v('-bo..�iQV\. 

Mode Rotation Frequencies, SHOT # 82 7-JUL-1996 
Smoothed 1 time (s ) over 10 points 

n � 1 n � 2 n � 3 

N 

20 
10 

I 0 
..Y. 

-10 
-20 I I'll 'S' 

N 

20 
10 

n 5 

:;z 0 IIU. III I .. lli:i .1111 1111 

N 

-10 
- 20 _UI', 

20 I 
10 

n 9 

I 0 emil 11_ U 1I1111�1 
..Y. 

- 10 
- 20 " II i.-'.' 

n 6 

n 1 0 

n 7 

n � 11 

n 4 

n 8 

n "12 

n 13 n 1 4 o 10 20 30 40 500 10 20 30 40 50 

N 

20 
10 

I 0 
.::L 

- 1 0  
- 20 In', I I III [-I t :. 

o 10 20 30 40 500 10 20 30 40 50 
msec msec 

msec msec 

�, 
r-i 



L().IW\-\- <A - {.t,pt...,\=.":1 P<.r-t-....t"'b,,��·"" 

Mode Rotation Frequencies, SHOT # 86 7-JUL-1996 

Smoothed 1 time(s) over 10 points 
n � 1 n � 2 n � 3 

N 

20 
10 

I 0 
.Y 

N 

-10 
-20 I .C:I I 

20 
10 

n 5 

I 0 I" ,II. , I :IIiItMlf III 
..::£. 

I 

N 

-10 
- 20 I • , I ; r) [1\,'''- I I' I 

20 
10 

n 9 

I 0 El�lll ti i khbVlilllhlJllltHH 
.Y 

-10 
- 20 I • I , Ir' I, ; .... , 

n � 6 n 7 

(ft\� 

n 1 0 n � 11 

n 4 

n 8 

n l2 

n 13 n 1 4 o 10 20 30 40 500 10 20 30 40 50 

N 

20 
10 

I 0 
..::£. 

-10 

"....., .. . hlr'T'Ti i ---r, ...,..." .n--, ......-, -r-, ---r, ....,....., ----.-----, 

- 20 III (!'j R Inl-II. 

o 10 20 30 40 500 10 20 30 40 50 
msec msec 

msec msec 

� 

r-1 



IV. Nonline�r Effects I: 
StochastIc Resonance 

• Stochastic resonance is 
of g en erating "coheren t 
dynamical syst em in the 
optimum amount of noise. 

th e ph enomenon 
motion" in a 

presence of an 

• This coherent motion is generally se en in 
periodically forc ed syst ems with bistable 
sta t e s  or fixed -po int to l i mi t-cycle 
bifurcations. WJllr..J � 

I J 
I( • Signatures of stochastic resonance are 

peaks in th e power spectra of fluctuating 
quantiti es at the drive frequency and its 
harmonics, and a peaking in the signal-to­
noise ratio (SNR) at an optimum amount of 
fluctuation noise. 

• Stochastic Resonance has been observed 
in weakly ionized rf plasmas by L. I and J.­
M. LiuI: 

1 L. I and J.-M. Liu, Phys. Rev. Lett. 74, 3161 (1995). 

15 



\tms :8.7mv 

� O  

f(KHz) t(msec) 

50 

40 

�,30 
� 

OA 
o B 

llc 

FIG. 2. The power spectra and time evolutions of- probe 
current at point A (Vo -= 75 mY) with different V""s, 

, , 

........ I.lmv 

o 

t(msec> 

20 

10 

Vrms (mV) 

FIG. 5. The SNR vs V""s at points A. B. and C. 

FIG. 3. The' power spectra and time evolutions of probe 
current at pointB <Yo �,?5;? �YL�ith.�ifferent VIIIIS' 

• Power spectra of fluctuations in poloidal 
field p ick-up co ils at the wall of MST 
sometimes revealed peaks at t he induction 
motor driving frequency and its harmonics. 
Thus, it was supposed that the fluctuation 
no ise may have been enhanc ing the induction 
motor drive. 

• However, when the SNR for these peaks 
were plotted against the RMS values of the 
fl uctuations (Le. the noise), the standard 
c urve characteristic of stoc hastic resonance 
was not seen. 
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STOCHASTIC RESONANCE STUDIES FOR 14-JUL-1996 

20 
Signal to Noise Ratio vs. Noise 

i 
i 

15 

------
OJ 

� 10 
n::: 
z 
en 

5 

+ 
+ + 

* * 

* 

* ** 

,/ * 1* *+ 

* * � + *1** 
* * ,/ ,/ **:�.-r, ( I +YJ� T* 

i+"�*+f*+ 
*-l*+�� + 1 I " 

++ 4F �� + 
+ � �+ �* � ,� 7K 

-t-"i'" + �+ +++�+ * + 
+ + 

* 

* 

+ 

� 
I 

* * 
* 

oIL�-t;-�-+a--+a--+a-�------; o 5 10 15 20 25 30 35 40 

Noise (Gauss) 

co 
� 



v . Nonline�r E{fects. II: 
CorrelatIon DImenSIon 

• The correlation dimension is used to 
calculate the fractal dimension of chaotic 
systems. It is the probability that any two 
points on the trajectory of the system will 
occupy the same "hypersphere", an d is 
defined by: I ( n. .L. \' e( . , )) D n (). .(IW\. N� L 1""-\(;-.Al c... :: f.\'fY\ f\I"dO i,i r ... o �r 

• C. Watts has claimed that the fractal 
dimension of MST is immeasurably high.2 

• Numerical work suggests that simple 
per iod ic pertur bations to even h igh-
dimensional systems can significantly lower 
their dimension. 

• Such a decrease in the dimensionality of 
fluctuations in the pickup coil data was not 
observed f or any of the per tur bation s 
applied with the induction motor. 

2 C. Watts, PhD. Thesis, University of Wisconsin-Madison, 1993. 
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VI. Summary 

• The rotating field · errors applied to MST 
by the n=6 and n= 1 induction motors show 
signs of affecting the plasma mode rotation 
and locking, but currently lack the power to 
make a definitive effect. 

• MST plasmas do not seem to exhibit 
stochastic resonance, but a wider range of 
plasma parameters and driving amplitudes 
have yet to be explored. 

• The perturbations applied so far have not 
had the effect of decreasing the overall 
dimensionality of the system. 



VII. Future Work 

• Increase the power to the n=6 and n= 1 
field coils. 

• Look for evidence of stochastic resonance 
under a broader range of plasma parameters 
and stronger driving (e.g. , the Cold Biased 
Probe, or plasma guns). 

• Examine a broader range of perturbation 
frequencies and amplitudes in a search to 
decrease the plasma dimensionality. 
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