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Í í~òvùû��¬ú ù�í1�6��þ�ÿyö#í�ôýÿ©î4ðó(ú û ý�×ó'û ýýÿyó(ú û ý

fn+1/2 − fn

τα
+ CnΛfn+1/2 = 0,

Un+1 − Un

τ
+ ΛW n+1/2 = 0

@ ³ B

í
ôôýû ó��yðölðý � ÿ¬ú�ð���þ�ûyî4ù÷ßÿ§�]ý�í�
 ùÿyùð �Ï@ � BÐ�Aôû ý$�'î4ó'û ö
O(τm + hk)

��ø î4ÿ
m = 2

ôýð
α = 0.5 + O(τ)

�0ðIù�í5�¬ú~í
ôÿ[ôýÿ©î4ðó(ú û ý�í ýÿví|õ�ð(ò�� ÿ¬ú����)
 ÿyó(ú û ýùû üáôýû øyû ùó'û ü	�eó]í
óÐ��õ�ÿ©î�� ÿ¬úð(ò~
 ð'î.íÐû ôÿyý�í~ú û ý�í
C
�"�hýð

α ≥ 0.5
û ù�í-� ÿ¬ò�����õ�û�
 ùû4���¬ú û üïð�
�í � ¥ õ"�ëôû~õ"�]ïÿyùð �.��þ�ÿyö,��ýÿví|õ�ð�ò�� ÿyöl÷�þ6�yó]í|õ"�ýù÷ßölð�ôýû øyû ùó]í
ölð	��ôýÿ©î��¬ú~í�
 ðöIû ôÿyý�í~ú û ý

C

4
 ð'î4ÿtý�í���0�ÿyô]õ�ÿyùð �

C = C1 + C2,
@>Ñ�B



�6�!�,�P���~���	���~���,�,���>���,���������,�,�)����� � Ñ

ø î4ÿ�ý�í���0�ÿyô]õ�ÿyùðÿ�òÝíÝî.íÝî4ðö�
4��õ�ÿ©î����20�ÿyübñtû ýölÿ�ª

C1 =

















0 0 0 0 0 0
0 0 0 0 0 0
0 0 vz k1 k2Br 0
0 0 γp 0 0 0
0 0 Br 0 0 0
0 0 0 0 0 0

















, C2 =

















vz 0 n 0 0 0
0 vz 0 0 −k2Bz 0
0 0 0 0 0 0
0 0 0 vz 0 0
0 −Bz 0 0 vz 0
0 0 0 0 0 vz

















.

ì�î4ÿ����
k1 = k0/n, k2 = M2

A/n
�

Í í~òvùû��¬ú ù�í1�6��þ�ÿyö#í
fn+1/4 − fn

τα
+ C1Λfn+1/4 = 0,

fn+1/2 − fn+1/4

τα
+ C2Λfn+1/2 = 0,

Un+1 − Un

τ
+ ΛW n+1/2 = 0

@ � B

í
ôôýû ó��yðölðý � ÿ¬úRð���þ�ûyî4ù÷ßÿ.�]ý�í�
 ùÿyùð �F@ � B�� ú ÿyö9'Ðÿ¯ôû ý$�'î4ó'û ö,�lï(ú û»ð7��í~òvû�
�í1�Ò��þ�ÿyö#í �#ùû*
û
úvõ�ðïðÿ�û
ú ùÿyÿ%ýÿví|õ�ð(ò�� ÿ¬ú����*�yó]í|õ"�ýù÷ßölð[ôýû øyû ùó]í
ölð	� ¥ ÿyü��¬ú�
 ð(ú ÿ�õ�� ùû��.ù�í�ôÿyý�
 û ö�î4ýû�� ùû ö
�Ðí
øyÿtýÿ��Ðí
ÿ¬ú����+�yð��¬ú ÿyö#íE�]ý�í�
 ùÿyùðü

(nn+1/4 − nn)/(τα) = 0,

(v
n+1/4
r − vn

r )/(τα) = 0,

(v
n+1/4
z − vn

z )/(τα) + vn
z Λv

n+1/4
z + k1Λpn+1/4 + k2B

n
r ΛB

n+1/4
r = 0,

(pn+1/4 − pn)/(τα) + γpnΛv
n+1/4
z = 0,

(B
n+1/4
r − Bn

r )/(τα) + Bn
r Λv

n+1/4
z = 0,

(B
n+1/4
z − Bn

z )/(τα) = 0.

@°Ó$B

Ã �yó]õ��`ï�í1�
pn+1/4

ð
B

n+1/4
r

ð(ò\�]ý�í�
 ùÿyùð � î�
 ð 'Ðÿyùð �¯î�õ"��ó'û ölôû ùÿyù(ú ÷
v

n+1/4
z

��ôû~õ"�]ïðö!û
ú ùû1
�yð(ú ÿ�õ�� ùû ùÿyÿtý�í~òvùû��¬ú ùû ÿ~�]ý�í�
 ùÿyùðÿ

[

I + ταvn
z Λ − τ 2α2(k1ΛγpnΛ + k2B

n
r ΛBn

r Λ)
]

vn+1/4
z = vn

z − τα(k1Λpn + k2B
n
r ΛBn

r ).
@Y:�Ô$B

Õ øyû�ýÿ���ÿyùðÿ�ù�í|þ�ûyî4ð(ú������yó]í|õ"�ýùû üxôýû øyû ùó'û ü	�lôû���õ�ÿ¯ïÿyøyû*��
 ùû[û ôýÿ©î4ÿ�õ"���µú���� û��¬ú~í|õ�� ù÷ßÿñ%�]ùó � ððIù�í¦��õ�û ÿ
n + 1/4

�Ö�hûyî4û�� ù÷ßö û�� ý�í~òvû ö§
 ÷ßïð���õ"���µú����Iòvù�íÝïÿyùð �Iñ%�]ùó � ðüIù�í¦��õ�û ÿ
n+1/2

ªvð��yó]õ��`ï�í1�
v

n+1/2
r

ð(ò×�]ý�í�
 ùÿyùð �·î�õ"�
B

n+1/2
r

�vôýð]þ�ûyî4ðöbótý�í~òvùû��¬ú ùû ö��%�]ý�í�
 ùÿyùð��Ä
 ð'î.í
@Y:�Ô$B ðbýÿ��Ðí
ÿyö+ÿyøyû��yó]í|õ"�ýùû ü�ôýû øyû ùó'û ü	� / �yÿ�û��¬ú~í|õ�� ù÷ßÿ��]ý�í�
 ùÿyùð �[ýÿ��Ðí��µú����»ùÿ¬òÝí�
 ð��yðölûî4ý �]ø�û
ú�î4ý �]ø�íE�yó]í|õ"�ýù÷ßölð�ôýû øyû ùó]í
ölð	��Øtí
ó'û ùÿ � ùû�
 ÷ßÿtòvù�íÝïÿyùð �

Un+1
ù�í|þ�ûyî��(ú����6��
 ùû�ð(òôû���õ�ÿ©î4ùÿyøyû�
 ÿyó(ú û ýùû øyûE�]ý�í�
 ùÿyùð �.��þ�ÿyöl÷Ù@ � BC�

¨�í
óðö û�� ý�í~òvû ö,�(ýÿ���ÿyùðÿ~�yð��¬ú ÿyöl÷Bð(ò%��ÿ��¬ú ð��]ý�í�
 ùÿyùðüëôýð¯ôÿyýÿ�þ�ûyî4ÿ~�
n
×øyûÐù�í

(n + 1)
×ü

��õ�û üRù�í|þ�ûyî4ð(ú����5��ÿ��¬ú������yó]í|õ"�ýù÷ßölð ôýû øyû ùó]í
ölð	� / 
 ÿ©î4ÿyùðÿ ý�í���0�ÿyô]õ�ÿyùð �Ú@>Ñ�Bhôýð�
 ûyî4ð(ú&
û
úvõ�ðïðÿëû
ú�ùÿyñ�í
ó(ú û ýð(òvû�
�í
ùùû ü7��þ�ÿyöl÷�@ ³ B�ó»î4û ôû~õ�ùð(ú ÿ�õ�� ù÷ßöAï]õ�ÿyù�í
ö õ�ð ���*
+�]ý�í�
 ùÿyùððî�
 ð 'Ðÿyùð �%î�õ"�
vz

�
ú~í
ó�ó]í
ó�ö#í~ú ýð � í C1ΛC2Λ
�yûyî4ÿyý$' ð(ú%ùÿyù �Ýõ�ÿ�
 ÷ßÿ2��õ�ÿyölÿyù(ú ÷ õ�ð ���~
hú ýÿ¬ú�� ÿyü

�¬ú ýû ó'ÿ�� / �yÿµî4ý �]øyðÿ�ñtû ýöl÷+ý�í���0�ÿyô]õ�ÿyùð �Ò@>Ñ�B�ôýð�
 ûyî��(ú�ó�� û~õ�����ÿyö��¯ïð���õ"��î4û ôû~õ�ùð(ú ÿ�õ�� ù÷�þï]õ�ÿyùû�
��
�hû ó]í1'Ðÿyö,� ï(ú ûtý�í~òvùû��¬ú ù�í1�E��þ�ÿyö#í�@ � B¤î�õ"��õ�ðùÿyüù÷�þ4�]ý�í�
 ùÿyùðü	��ôû~õ"�]ïÿyùù÷�þ�ð(ò�@ � BPÛ×òÝí
ölû1ý�í1' ð�
�í
ùðÿyö¯Ü�ó'û��yñtñtð � ðÿyù(ú û�
���� ÿ¬ò�����õ�û�
 ùû2���¬ú û üïð�
�í � ¥ õ"�·õ�ðùÿyüù÷�þ~�]ý�í�
 ùÿyùðü%ý�í~òvùû��¬ú ù�í1�

��þ�ÿyö#í+@ � B�ölû�'Ðÿ¬úE� ÷eú�� ôÿyýÿyôð��ví
ù�íE
4
 ð'î4ÿ

(I + ταC1
0Λ)(I + ταC2

0Λ)
fn+1 − fn

τ
+ C0Λfn = 0,

@Y:�:�B



��� ´ ���¦�"��µ�¶�·L¸ ¹�º��±� ´ �"��µ1»C¼"½�¸�¾L¿ À�¹

ø î4ÿ�ðù'î4ÿyó��%Û
0
Ü%
�ö#í~ú ýðïù÷�þ�û ôÿyý�í~ú û ý�í|þ�û
òvù�íÝï�í
ÿ¬ú��4ï(ú û ó'û��yñtñtð � ðÿyù(ú ÷��¬ú ð]þ�ö#í~ú ýð � ôû��¬ú û1

�ùù÷%�±�3���¬ú��¯î�õ"��û ôýÿ©î4ÿ�õ�ÿyùùû��¬ú ð
Λ « �yðölölÿ¬ú ýðïù÷ßüRû ôÿyý�í~ú û ý	�±ÝÖ�vî4ÿyöBð��yó]í~ú���ïð���õ�ÿyùùû ÿýÿ���ÿyùðÿ���þ�ÿyöl÷Þ@Y:�:�Ba
�
 ð'î4ÿ

fn = fn
j = f0λ

neik j h
���hûyî��¬ú~í�
~õ"� �bÿyøyû�
&@Y:�:�BC��ôû~õ"�]ïðö þ'í
ý�í
ó(ú ÿCýð��¬ú ðïÿ��yó'û ÿ��]ý�í�
 ùÿyùðÿ�@ãôýð

α = 1
B

[(1 + ivd)λ − 1]2
{

[(1 + ivd)λ − 1]4 − iB2
1c

2d3 [(1 + ivd)λ − 1]2 λ2+

+ [(1 + ivd)λ − 1]2 [(1 + ivd)λ − ivd] (B2
1 + B2

2 + c2) d2λ +

+B2
1B

2
2d

4 [(1 + ivd)λ − 1] [(1 + ivd)λ − ivd] λ(λ − 1)
}

= 0,
@Y:�<�B

ø î4ÿ
v = vz, c2 = γp/n, d = (τ/h) sin kh

�vß·ïÿ�
 ð'î4ùû
λ1 = λ2 = 1/(1 + ivd)

ð |λs| ≤ 1ôýð
s = 1, 2

�Pß3�¬ú~í�
���ðÿ����Ró'û ýùð�ölû ø��'ú6� ÷eú���ôû~õ"�]ïÿyù÷Að(ò�ýÿ���ÿyùð �²�]ý�í�
 ùÿyùð ��ïÿ¬ú�
 ÿyý(ú û øyûôû ý$�'î4ó]íÐ@A
 ÷ßý�í1'Ðÿyùðÿ²à¦á+
Ð@Y:�<�B^BC� / û���0�ÿyö§
 ð'î4ÿ�ôû~õ"�]ïð(ú�� ÿyøyû ýÿ���ÿyùðÿbòÝí~ú ý �vî4ùð(ú ÿ�õ�� ùû��ûyî4ù�í
ó'û+
��yÿ ôýÿ©î4ÿ�õ�� ù÷ßÿ¤��õ"�]ï�í
ðÚ@
M >> 1, M << 1, MA >> 1, MA << 1

Btôû ó]í~òv÷,
�í��µú���ï(ú û
|λs| ≤ 1

@
s = 3, ..., 6)

� ¬ û�' ùû[û�' ð'î.í~ú�����ï(ú û»ý�í~òvùû��¬ú ù�í1�7��þ�ÿyö#í²� ÿ¬ò�����õ�û�
 ùû*���¬ú û üïð�
�í�ð7
û��¬ú~í|õ�� ù÷�þ4��õ"�]ï�í1�]þÅ��®#þ�ÿyö#íE@ � BP��
~õ"�ÿ¬ú�����û�� û���0�ÿyùðÿyö²��þ�ÿyöl÷F8 � =>�
ôýÿ©î�õ�û�'Ðÿyùùû ü%î�õ"�Ðýÿ���ÿyùð �
�]ý�í�
 ùÿyùðü�ø�í~òvû�
 û ü î4ðù�í
ölðóð	�

â��äã�� ç,ÊF¢@è.Ë.£åÊBé �\æÖ� ÊBç,¡ëé �\æÖ�ç� Ë.��Ì.¢%£

Ã î4ÿyû~õ�û øyð �!ý�í���0�ÿyô]õ�ÿyùð �áôýðIôû��¬ú ýû ÿyùððáý�í~òvùû��¬ú ùû üÐ��þ�ÿyöl÷^î�õ"�Iûyî4ùû ölÿyýù÷�þ��]ý�í�
 ùÿyùðüõ�ÿyøyó'û�ölû�'Ðÿ¬ú�� ÷eú���û�� û���0�ÿyù�íhð�ù�íhölùû øyû ölÿyýù÷ßü���õ"�]ï�í
ü�ôýðE�yû�
 ölÿ��¬ú ùû öRý�í���0�ÿyô]õ�ÿyùðð��]ý�í�
1ùÿyùðüxôû[ôýû��¬ú ý�í
ù��¬ú�
 ÿyùù÷ßö ù�í
ôý�í�
~õ�ÿyùð �öXð ý�í���0�ÿyô]õ�ÿyùðð ó]í1'Ðî4û øyû[ûyî4ùû ölÿyýùû øyû�û ôÿyý�í�ú û ý�í �¯�3���¬ú��
τ, hr, hz « �Ðí
øyð5�yÿ¬ú óð ôû6
 ýÿyölÿyùðRð ôýû��¬ú ý�í
ù��¬ú�
��5�yû û
ú�
 ÿ¬ú��¬ú�
 ÿyùùû�� / 
 ÿ©î4ÿyöý�í���0�ÿyô]õ�ÿyùðÿëó]í1'Ðî4û øyûbð(ò¯û ôÿyý�í~ú û ýû�


Cr

ð
Cz

ù�í6���]ölö��Rû ôÿyý�í~ú û ýû�
bú~í
óðö û�� ý�í~òvû ö,��ï(ú û1
� ÷?�yû û
ú�
 ÿ¬ú��¬ú�
����20Ðí1��ý�í~òvùû��¬ú ù�í1�.��þ�ÿyö#íÐýÿví|õ�ð(òvû�
�í|õ4í����4�yó]í|õ"�ýù÷ßölðëôýû øyû ùó]í
ölð	��� ÷�õ4í-� ÿ¬ò�
����õ�û�
 ùû&���¬ú û üïð�
 û ü�ðÒ�yûyî4ÿyý$'�í|õ4í[ölðùðö#í|õ�� ùû ÿ ïð���õ�û�î4û ôû~õ�ùð(ú ÿ�õ�� ù÷�þxï]õ�ÿyùû�
���¨�û ø î.íbôûí
ù�í|õ�û øyðð*�yû���þ�ÿyölû üÐ@ � B`ý�í~òvùû��¬ú ù�í1�²��þ�ÿyö#í î�õ"��ýÿ���ÿyùð �[î�
��]ölÿyýù÷�þ�òÝíÝî.íÝï»ölû�'Ðÿ¬ú�� ÷eú��ëòÝí�ôð��ví
ù�í4
4
 ð'î4ÿ

fn+1/8 − fn

τα
+ C1

h,rf
n+1/8 = 0,

fn+1/4 − fn+1/8

τα
+ C2

h,rf
n+1/4 = 0,

fn+3/8 − fn+1/4

τα
+ C1

h,zf
n+3/8 = 0,

fn+1/2 − fn+3/8

τα
+ C2

h,zf
n+1/2 = 0,

Un+1 − Un

τ
+ W

n+1/2

h,r + W
n+1/2

h,z − F l+1/2 = 0,

@Y:�©$B

ø î4ÿ
Ch,r = C1

h,r + C2
h,r, Ch,z = C1

h,z + C2
h,z; Wh,r, Wh,z « ý�í~òvùû��¬ú ù÷ßÿtû ôÿyý�í~ú û ý÷%��í
ôôýû ó��yðölð�

ý ���20�ðÿ\�yû û
ú�
 ÿ¬ú��¬ú�
����20�ðÿ�î4ðñtñtÿyýÿyù � ð�í|õ�� ù÷ßÿ%û ôÿyý�í~ú û ý÷)�tôû ý$�'î4ó'û ö
O(hk

i ), i = r, z
ª

C1
h,r =

















vrΛr (n/r)Λrr 0 0 0 0
0 vrΛr 0 (k0/n)Λr 0 (M2

A/n)BzΛr

0 0 vrΛr 0 0 0
0 (γp/r)Λrr 0 0 0 0
0 0 0 0 (vr/r)Λrr 0
0 (Bz/r)Λrr 0 0 0 0

















,



�6�!�,�P���~���	���~���,�,���>���,���������,�,�)����� � Ó

C2
h,r =

















0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 −(M2

A/n)BrΛr

0 0 0 vrΛr 0 0
0 0 0 0 0 0
0 0 −(Br/r)Λrr 0 0 vrΛr

















,

C1
h,z =

















vzΛz nΛz 0 0 0 0
0 vzΛz 0 (k0/n)Λz 0 −(M2

A/n)BzΛz

0 0 vzΛz 0 0 0
0 γpΛz 0 0 0 0
0 0 0 0 vzΛz 0
0 BzΛz 0 0 0 0

















,

C2
h,z =

















0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 (M2

A/n)BrΛz

0 0 0 vzΛz 0 0
0 0 0 0 0 0
0 0 −BrΛz 0 0 vzΛz

















.

ì�î4ÿ����
Λj, Λj è ý�í~òvùû��¬ú ù÷ßÿßû ôÿyý�í~ú û ý÷%�
í
ôôýû ó��yðölðý ���20�ðÿ ôÿyý�
 ÷ßÿ�ôýû ð(òD
 ûyî4ù÷ßÿa��ôû ý$�'î4ó'û ö

O(hk
j ), j = r, z

� / ó]íÝïÿ��¬ú�
 ÿ
Λj, Λj

ölû ø��'ú-
 ÷,� ðý�í~ú��������yðölölÿ¬ú ýðïù÷ßÿhú ýÿ�þ]ú û ïÿyïù÷ßÿtû ôÿyý�í~ú û1ý÷Þ@
k = 2)

�.ôûyî4û�� ùû ú û ö����¤ó]í
ó[ôýÿ©î��¬ú~í�
~õ�ÿyùû.
¯ý�í~ò�î(�P<��.ð]õ�ð�ùÿ��yðölölÿ¬ú ýðïù÷ßÿ�û ôÿyý�í~ú û ý÷9�
�]ïÿ¬ú û ö òvù�í
ó]í4�yó'û ýû��¬ú ðÒ@

k = 1)
�(òÝíÝî.í�
�í
ÿyöl÷ßÿtôû�ñtû ýö��Ýõ4í
ö)8 � � � =>ª

vj ≥ 0 : Λj = Λj−, Λj = Λj+; vj < 0 : Λj = Λj+, Λj = Λj− (j = r, z).
Í í~òvùû��¬ú ù�í1�6��þ�ÿyö#í6@Y:�©$Beí
ôôýû ó��yðölðý � ÿ¬ú ð���þ�ûyî4ù÷ßÿ~�]ý�í�
 ùÿyùð �.�tôû ý$�'î4ó'û ö

O(τ + hk)
�(ø î4ÿ

h = max(hr, hz)
�
m = 2

ôýð
α = 0.5 + O(τ)

ð
m = 1

ðù�íÝïÿ��-ð²� ÿ¬ò�����õ�û�
 ùû.���¬ú û üïð�
�í�ôýð
α ≥ 0.5

��étí
ó���õ�ÿ©î�� ÿ¬ú%ð(ò,
 ð'î.í·ý�í���0�ÿyô]õ�ÿyùù÷�þ�û ôÿyý�í~ú û ýû�
��
ôûyî4û�� ùûhûyî4ùû ölÿyýùû ö�����õ"�]ï�í��Iû ù�íýÿví|õ�ð(ò�� ÿ¬ú����[ù�í�î4ýû�� ù÷�þ��Ðí
ø�í|þ��yó]í|õ"�ýù÷ßölð�ôýû øyû ùó]í
ölð	�4íÐù�í4�¬ú~í
ôÿ�ó'û ýýÿyó(ú û ý�í « ��
 ùû��
ê¤��ë ê � Ë�çßéëé�� ç�¡.¢ � Ìëç É �
�hû%ôýÿ©î�õ�û�'Ðÿyùùû üëý�í~òvùû��¬ú ùû ü¤��þ�ÿyölÿhôýû�
 ÿ©î4ÿyù÷áý�í��yïÿ¬ú ÷áòÝíÝî.íÝïð¯û%ý�í��yôýû��¬ú ý�í
ùÿyùðð�û��~õ4í
ó]íô]õ4í~òvöl÷Ù@

γ = 5/3
BC� / ù�íÝï�í|õ�� ù÷ßü�ölû ölÿyù(ú�
 û��~õ4í��¬ú ð √

r2 + z2 ≤ 0.1
òÝíÝî.í
ù6�yó]íÝïû óëî.í�
~õ�ÿyùð �	�ôýÿ�
 ÷a�Ðí��20�ðü�ñtû ùû�
 û ÿ·î.í�
~õ�ÿyùðÿ%ù�í�ú ýð[ôû ý$�'î4ó]í&@A
��yð]õ"�6�yðölölÿ¬ú ýðð[òÝíÝî.íÝïðbý�í����yïð(ú ÷,
�í�õ4í����Ðú û~õ�� ó'û ïÿ¬ú�
 ÿyý(ú�� û��~õ4í��¬ú ð�BCª

(n, vr, vz, p, Br, Bz)
T
t=0 = (n0, 0, 0, 500, 0, 1)T ôýð √

r2 + z2 ≤ 0.1,ðù�íÝïÿ
(n, vr, vz, p, Br, Bz)

T
t=0 = (1, 0, 0, 0.5, 0, 1)T .

Ã ò��]ï�í|õ�û�����ý�í��yôýû��¬ú ý�í
ùÿyùðÿ·û��~õ4í
ó]í%�ßú ÿyïÿyùðÿyöÒ
 ýÿyölÿyùð ôýð�ý�í~ò¬õ�ðïù÷�þ�òvù�íÝïÿyùð �]þ�ö#í
øCùð(ú ùû øyû ôû~õ"�	�ô]õ�û
ú ùû��¬ú ðbð¯ú ÿyölôÿyý�í~ú��]ý÷ ôýð.��õ�ÿ©î����20�ð]þbóý�í
ÿ�
 ÷�þ�����õ�û�
 ð �]þÅª
z = 0, 0 ≤ r ≤ 1 : ∂n/∂z = ∂vr/∂z = vz = ∂p/∂z = ∂Br/∂z = ∂Bz/∂z = 0,

z = 1, 0 ≤ r ≤ 1 : n = 1, vr = 0, vz = 0, p = 1, Br = 0, Bz = 1,

r = 0, 0 ≤ z ≤ 1 : ∂n/∂z = vr = ∂vz/∂z = ∂p/∂z = ∂Br/∂z = ∂Bz/∂z = 0,

r = 1, 0 ≤ z ≤ 1 : n = 1, vr = 0, vz = 0, p = 1, Br = 0, Bz = 1.
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#hð���õ�ÿyùùû ÿëýÿ���ÿyùðÿ¯òÝíÝî.íÝïðxù�í|þ�ûyî4ð]õ�û����»ôû&��þ�ÿyölÿ�ôýÿ©î4ðó(ú û ý�×ó'û ýýÿyó(ú û ý�@Y:�©$B\�¯ôÿyý�
 ÷ßöôû ý$�'î4ó'û ö ôýð
α = 0.505

ù�íÐý�í��yïÿ¬ú ù÷�þ6�yÿ¬ú ó]í|þÅ���yûyî4ÿyý$'�í10�ð]þ
100 × 100, 200 × 200

�'ò¬õ�û�
��
Øtí�ýð����(:%ôýð�
 ÿ©î4ÿyù÷Xý�í��yôýÿ©î4ÿ�õ�ÿyùð �[ô]õ�û
ú ùû��¬ú ð�ð¯î.í�
~õ�ÿyùð �bù�í�ölû ölÿyù(ú¤
 ýÿyölÿyùð

t = 0.3î�õ"�+ý�í~ò¬õ�ðïù÷�þ+òvù�íÝïÿyùðü
n0

�`ì¤íÒ�yïÿ¬ú!ù�íÝï�í|õ�� ùû øyû�øyý�íÝî4ðÿyù(ú~í î.í�
~õ�ÿyùð �+û��~õ4í
ó'û�ù�íÝïðù�í
ÿ¬ú

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

n(r,z)

1

24.1

47.2

70.3

93.4

=10000n

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

p(r,z)

1

1.5

2

2.5

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

n(r,z)

1

2

3

4

=1000n

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

p(r,z)

0

1

2

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

n(r,z)

0

0.5

1

1.5

=100n

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

p(r,z)

0

0.5

1

1.5
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ý�í�����ðý$�(ú������	��ù�û ýölðý ���µú�����î�
 ÿk
 û~õ�ù÷xô]õ�û
ú ùû��¬ú ð	� / ù �'ú ýð�û��~õ4í
ó]í`û�� ý�í~ò�� ÿ¬ú�����û��~õ4í��¬ú��3�eôû1ùð 'Ðÿyùùû ütô]õ�û
ú ùû��¬ú�����ôû ý$�'î4ó]íßô]õ�û
ú ùû��¬ú ð%ñtû ùû�
 û ühô]õ4í~òvöl÷»ð`î.í�
~õ�ÿyùðÿyö,�Ýó'û
ú û ýû ÿ#ù�íeùÿ��yó'û~õ��1ó'û»ôû ý$�'î4ó'û�
�ùð 'Ðÿ î.í�
~õ�ÿyùð ��ñtû ùû�
 û üxô]õ4í~òvöl÷%��#hÿyöAölÿyù�����ÿ
n0

��ú ÿyöú� ÷,�¬ú ýÿyÿ�ôýû ð���þ�ûyî4ð(úý�í~ò¬õ�ÿ¬ú ô]õ4í~òvöl÷Bð.� ÷,�¬ú ýÿyÿ\�]ölÿyù����Ðí
ÿ¬ú����bô]õ�û
ú ùû��¬ú���
 � ÿyù(ú ýÿ%û��~õ4í��¬ú ð	�

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

n(r,z)

100

200

=10000n

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

p(r,z)

10

20

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

n(r,z)

2

4

6

=1000n

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

p(r,z)

1

2

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

n(r,z)

1

2

=100n

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

p(r,z)

0

0.5

1

1.5
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r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

n(r,z)

50

100

150

=52
AM

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

p(r,z)

2

4

6

8

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

n(r,z)

50

100

150

=302
AM

r

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

z

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

p(r,z)

2

4

6

8
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MA

à
/ ôû���õ�ÿ©î����20�ð]þÐý�í��yïÿ¬ú~í|þÐð(ò��]ïÿyùû%
~õ�ð �ùðÿ�ö#í
øyùð(ú ùû øyûhôû~õ"��ù�í`ý�í��yôýû��¬ú ý�í
ùÿyùðÿßû��~õ4í
ó]íô]õ4í~òvöl÷^ôýð!ý�í~ò¬õ�ðïù÷�þ�òvù�íÝïÿyùð �]þ

MA

� ¬ í
øyùð(ú ùû ÿ�ôû~õ�ÿ�ù�í
ôý�í�
~õ�ÿyùû¦
|î4û~õ��»û��yð
z
�#ð ó]í
ó

��õ�ÿ©î��¬ú�
 ðÿ�øyý�íÝî4ðÿyù(ú�ö#í
øyùð(ú ùû øyû�î.í�
~õ�ÿyùð �ëù�í
ôý�í�
~õ�ÿyù¯ôû�ý�íÝî4ð ��������ï(ú û%î4û~õ"' ùûÐôýð�
 ûyî4ð(ú���ó
��'�í~ú ð�� û��~õ4í
ó]í4
�ý�íÝî4ð�í|õ�� ùû ö�ù�í
ôý�í�
~õ�ÿyùðð	�

Øtítýð�����<hôýÿ©î��¬ú~í�
~õ�ÿyù÷áý�í��yôýÿ©î4ÿ�õ�ÿyùð � ô]õ�û
ú ùû��¬ú ð ð�î.í�
~õ�ÿyùð ��î�õ"��ý�í~ò¬õ�ðïù÷�þ�òvù�íÝïÿyùðü
n0

ù�í�ölû ölÿyù(ú*
 ýÿyölÿyùð
t = 0.15

ôýð
M2

A = 5
� / ð'î4ùû���ï(ú û�ïÿyö{� û~õ�����ÿ

n0

��ú ÿyöAölÿ©î�õ�ÿyùùÿyÿôýû ð���þ�ûyî4ð(ú ý�í~ò¬õ�ÿ¬ú ô]õ4í~òvöl÷9ð��]ölÿyù����Ðí
ÿ¬ú����bô]õ�û
ú ùû��¬ú�� ô]õ4í~òvöl÷)
 � ÿyù(ú ýÿ�û��~õ4í��¬ú ð	�
Øtí�ýð����Å©�ôýð�
 ÿ©î4ÿyù÷Xý�í��yôýÿ©î4ÿ�õ�ÿyùð �[ô]õ�û
ú ùû��¬ú ð�ð¯î.í�
~õ�ÿyùð �bù�í�ölû ölÿyù(ú¤
 ýÿyölÿyùð

t = 0.2ôýð
n0 = 1000

î�õ"�
M2

A = 5, M2
A = 30

�yû û
ú�
 ÿ¬ú��¬ú�
 ÿyùùû��a®§
 û
òvý�í��¬ú~í
ùðÿyö¸ö#í
øyùð(ú ùû øyû ôû~õ"�
@n��
 ÿ�õ�ðïÿyùðÿyö

MA

Bhý�í~ò¬õ�ÿ¬ú[ô]õ4í~òvöl÷§
�ý�íÝî4ð�í|õ�� ùû ö9ù�í
ôý�í�
~õ�ÿyùðð5�¬ú~í
ùû�
 ð(ú����xölÿyù�����ÿ���ïÿyö�
ôýûyî4û~õ�� ùû ö,�~ôýð
M2

A = 30
û ù�ôý�í
ó(ú ðïÿ��yóð�ôýÿyóý�í10Ðí
ÿ¬ú����	� û��~õ4í
ó'û`ý�í~ò�î4ÿ�õ"�ÿ¬ú�����ù�íßî�
 ÿ0ï�í��¬ú ð	�ó'û
ú û ý÷ßÿ�ý�í~ò¬õ�ÿ¬ú~í��µú����)
|î4û~õ�� û��yð

z
�,�hýðÐ�¬ú û ö^í
ölô]õ�ð(ú��vî4÷�ô]õ�û
ú ùû��¬ú ð+ð î.í�
~õ�ÿyùð �Ð�yð]õ�� ùû
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