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CAPTION

Figure 1 Time evolution of the external perturbation �� with m/n=2/1 (dashed curve), which

grows  exponentially  in time with  �f=2�105�
R until  ��=������A10-4,  and afterwards it  is kept

constant.  The solid curve is the induced  m/n=2/1 component  of the  normalized  helical flux,

��=�9@7@�EC�� �� ��� 3A9 ��
����� .��
, ���� ������
 ���
 ���� �� ��� ������ ��,�� %�� �'����

��
/� ��'0� ��� 
'
����<�� ������� ���� �� ��� 3A9 ��
���� ���
, /����� ��������'
�

Figure 2 Corresponding  to  figure  1,  the  solid  curve  shows  the  time  evolution  of  the

normalized growth rate of the driven mode, �
R, calculated from (d�9@7/dt)/�9@7 at q=2 surface.

%�� ������ ��
/� �� ��� ���� �� ��� �'��� '
� ������ �'
 � ������
 ��C 5A7C
��7+6 �
� �� �� �AC�

Three different phases are seen:  (A) Initial phase: � approaches �f.  (B) Linear phase: � is the

same as �f.  (C) *+��,+������ -�+.�& ���� �&���: � ��/����� �
'� �� ��� �' ��� ��/����'
 �
'�

��� ���'
�
���� ,
'0�� '� ��� �
�,,�
� .�,�

�
, 0��
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������ � �'
���
�� >'
 � ��������
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,� �� �
� ������� �'0�/�
� ���� ����� .�,�
� ��
���
 .��'
� �� 
������ � �'
���
� ��� �'


'
��
��
 �������

Figure 3 �rowth of the m/n=2/1 island corresponding to figure 1, where rG is the island edge

at r>r� at the helical angle passing through the island's o-point, and r� is that at r<r�.  The island

width reaches  about  0.01a at the end of the linear phase, as indicated by the vertical dashed

line.

Figure 4 (a) Local radial profiles of the normalized  �9@7� �9@7/�EC�, in the linear phase with

�f=106�
R. For a larger S (smaller 
A, as the 
R value is fixed in calculations), �9@7 is larger than

zero across the resonant surface at r=0.628a, being a  tearing mode type. With decreasing S

(increasing  
A),  �9@7 is positive  for r>rs but negative  for  r<rs,  showing  the feature of an ideal

mode.  (b) Corresponding radial profiles of the normalized stream function, �9@7/�2
R. It changes
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sign across the resonant surface for a large S but takes the same sign for a smaller S.  

Figure 5 Boundary between the driven tearing and driven kink mode in the S and �f
A plane

for ��=0.02a (solid curve) and 0 (dashed curve) in the linear phase.  For ��=0 the driven kink

mode regime exists for 
A�f>cSs
-1/3, as predicted by (A18) in the Appendix, where c=1.02, c1=c/

(k||')2/3  =0.88, and  Ss=S�0/�s. The finite  �� effect extends the tearing mode regime to large  �f

values.

Figure 6 �ocal radial profiles of the m/n=2/1 component of the normalized current density in

the linear phase for ��=0, 0.0067a and 0.02a with �f=106�
R (a), which is more peaked around

the resonant surface for a larger  ��. Lorresponding radial profiles of the 2/1 component of

plasma vorticity, U9@7, and ��
��� ��
���'
� �9@7� �
� shown in (b) and (c), respectively.

Figure 7 Nonlinear growth of m/n=2/1 island for  �f
R=107  with  ��=0.02a  (solid curve) and

��=0 (dotted). There is essentially no magnetic reconnection in the linear phase due to the large

�f, as the driven modes are of the kink-like type for both cases. The transition from the kink-like

to tearing mode begins when  �a reaches a  constant,  �a,max=10-4, as indicated by the vertical

dashed line, and the island width grows to about 0.01a in a time scale 10-6
R, being faster for

��=0.02a than that for  ��=0.  The outwards shift of the island edges is  due to the m/n=0/0

component of plasma current density perturbation. 

Figure 8 Nonlinear  growth  of  normalized  m/n=2/1  island width,  W/a,  with  �f
R=107 for

��=0.02a,  0.01a,  0.0045a and 0. The vertical  dashed line  shows the time  when  �a reaches

�a,max=10-4.  The island quickly grows from that time and grows faster for a larger ��.  

Figure 9 Time evolution of the island width for spontaneously growing tearing modes with

��/a=0.02, 0.002, 0.00067 and 0.  The faster island growth for a larger �� is due to a larger linear

growth rate, being different from the driven mode which linear growth rate is determined by

that of the trigger as seen from figure 2. 
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Figure 10 Nonlinear growth of the m/n=2/1 island �'
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� 7C�1<� >'
 �!A��P�A9�1<�

��� �'�� �
�3��
� 5�A�P�G�!AC6 �� ��� ���� �� ���� '� ��� �
�,,�
4�� �' ���� ��� 
������
, ����
�

�� ��� ��
,���� %�� ���� ����
� 0���� 
������ 
��
 C�C9� �� �A7�7I10-4
R, �'

���'
��
, �' ���

���� ���� �a=7C�+ ��� ������ �'
 9��� %�� /�
����� ������ ��
� ��'0� ��� ���� 0��
 �� 
������

������� >'
 �!A7C�1<� ��� ����
� 0���� �� �.'�� C�CC*� 5C�;)��6 ��� �' ��� �������
, ������ '�

������ 
'����'
� >'
 ��� ���� �P�AC� ��� ���� ����
� 0���� 
������ C�C7;� �� �A7�7I10-4
R due to

f=�!A9�1<� %�� ����
� 0���� '.���
�� �
'� ��� 
������ �12 �3����'
� �'
 �!A)�1< �� ����

������
 ���
 ���� '.���
�� �
'� �0'������ �3����'
��

Figure 11 -onlinear growth of the m/n=2/1 island '.���
�� �
'� �0'������ �3����'
� for two

cases: including (m�>0, solid curve) and neglecting (m�=0, dotted) the  �����
'
 inertia, with

�!A�P�AC.  Electron inertia effect leads to a slightly larger island in this case.  The dashed curve

is obtained from the reduced MHD equations with �!AC.  %�� /�
����� ������ ��
� ��'0� ���

���� 0��
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������ ������A7C
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Figure 13 Nonlinear growth of the m/n=2/1 island driven by the  �a given by equation (10)

with  fE=f*e=0 and  m�=0 (solid curve). The island width is much smaller than that shown in

figure 11.  The waveform of  �a (I102)  is  shown by the dashed curve,  with 1/�f =50�s and

�a,max=10-4.  The island width obtained from the reduced MHD equation is shown by the dotted

curve. The island decays slowly after the trigger disappears.  
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Appendix Heuristic linear analysis from reduced MHD equations
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where the perturbed quantities, denoted by the subscript 1, are assumed to be proportional to

exp[�#t# +i(m�+n�)], being the same as the trigger given by equation (8). The prime denotes the

radial  gradient,  k||=(n-m/q)/R�(n/R)(q4/q)x,  and  �A5
�
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away from the rational surface at r=rs, the ideal plasma approximation is valid,
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 and (A2) becomes
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for large S values.  (A3) and (A4) can be utilized to calculate �1, �1 and �4 in the outer region,

to match to those obtained from the inner region.

In the inner region around rs, one can assume �14~�1/  and �144~/ 2, where   is the singular

layer  width.   Depending on the trigger's  growth rate,  three different types of  solutions  are

possible:

.'/ Driven tearing mode under "constant �" approximation 

When the growth rate of the trigger is sufficiently small, '
� ��
 ������ ���� j1  ! -�4�1/ ,

and (A1) and (A2) lead to

�1�1 ~ ik||' �1� (A5)

�1 ~ �s ��/ � (A6)

�1�1/ 2  ~ S2ik22����1� (A7)

where �s is the normalized plasma resistivity at r= rs.  From (A5) - (A7) one finds 

  ~ [�s
2��(Sk22�!-2"1/5, (A8)

 �1 ~ [�s
3��4(Sk22�!2"1/5. (A9)

(A8)  and  (A9)  are  the  same  as  those  of  classical  tearing  modes  under  the  "constant  �"

approximation [44].  The roles of the trigger are to determine the mode growth rate (being the

same as that of the trigger) and the value of �4 from (A9).  In the outer region �1 can be written

in the form

9+



�1= �i + �e , (A10)

where �i is bounded in 0<r<a, subject to boundary conditions �i =0 at r=0 and r=a.  �e is due to

the trigger, bounded in rs<r<a and subject to the boundary condition �e =0 at r=rs.  The value of

�e at r=a is given by equation (8).   Matching the  �4 obtained from the inner and the outer

region, one finds

�� = �1� + �es�/�is, (A11)

where the  subscript  s  corresponds  to  taking the value  at  r=rs.   �14 is  obtained from the  �i

satisfying  (A4)  and  is  the  usual  tearing  mode  stability  index  without  the  trigger,  being

determined by the q-profile and mode numbers [44].  The second term on the right hand of

(A11) is due to the trigger. In order to satisfy (A11), the mode growth rate has to be the same as

that of the trigger.  In addition, the reconnected flux,  �is, is determined by (A9) and (A11),

being larger for a smaller  �# when excluding its time dependence  exp(�#t) and  keeping other

parameters unchanged.  A larger �1 corresponds to a larger |��| or shielding current around the

resonant surface.

In the nonlinear phase, �4!(dW/dt)/� 8+):� �
� �he island growth is found from (A11) to be

9

9

4

7
3

3

��

�3 ����
�

0 (A12)

0��
� = �� ��� ����
� 0����� �
� =e
2A7?5�@
6�es4/(k||4B0t6 89(�;9:�

.�/ Driven tearing mode with "Non-constant �"

It is seen from (A9) that, with increasing value of �#, �4 becomes larger, indicating that the

"constant �" approximation is not valid for a sufficiently large �#.  In this case '
� ��
 ������

���� j1~ -�1/ 2, and (A1) and (A2) lead to

�1 " ��/ 2 , (A13)

9)



�1�1/ 2 ~ S2ik22����  . (A14)

It is found from (A5), (A13) and (A14) that, 

  ~ [���(Sk22�!"1/3� (A15)

 �1 ~ [��(Sk22�!2"1/3� (A16)

This case is similar to the m/n=1/1 internal resistive kink mode and the double tearing mode

[42,46]�

.0/  ����	 (�	( 
���

�� ��� �
�,,�
4� ,
'0�� 
��� �� �/�
 ��
,�
 ���
 ���� ,�/�
 . 5$7?6�

#=c1[��(Sk||')2]1/3/�1 <1� (A17) 

the mode growth time is  shorter than the resistive diffusion time across the singular layer,

1/� < 2/��, where c1 is a constant of the order of unity.  In this case the driven mode cannot be a

tearing mode but becomes a kink-like type. (A17) can be also written in the form

#=cSs
-1/3/(
A�)<1� (A18) 

where c=c1(k||')
2/3.  In the limit # <<1� �' ��� �'0��� '
��
 ��� �'����'
� in the inner region are

found from (A1) and (A2) to be

6:@5��

9

8 7

97  
�

�� �, 1

��� � (A19)
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7
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�

� ��� � ��	/, , (A20)
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  �
	/,�

�
��

� (A21)

where 

 =
#�/(k||')= �1/(Sk||') (A22)

is the normalized singular layer width, being larger for a larger �$  c9 is a constant for matching

9?



the solution to that in the outer region, and #7 is the # given by (A17) with c7=1. %�� ��
�� ��
�

'
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