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TU = TUV WXU436YZ[ ,\

TUV = 7436;]V

XU = ^_U

]V = `bc (X + 2Cdjmop)q(q + 2Cdjmop)Xr 7sVu `bc (X + 2Cujmop)(q + 2CuZ@jmop)(q + 2Cujmop)(X + 2CuZ@jmop)duv@



Tw = xTU

z{ = z{@r |.z{@z{u/ } ~��(�uZ@) - ��(�u)��
��(�) = 7(2 - �) } �72 } 6 + 9�B^7 + �B - 2� + 7 - 2�2 } .^7 + �B - �/�
� = �m



m = 2" � }  �F
 � �



TU{ = 43: } (TU{� + TU{�)TU{� = F } z{7 - � } 72 � } 7
�� × `o��

%7+ ��B + 7�� ��TU{� = F } z{7 - � } 72 � } 7
�� × `o��

%7+ ��B + 7�� ���� =  �  ���� =  �  ��

Tw{ = 43: } (Tw{� + Tw{�)Tw{� = F } z{2 }  � } �(��)
�(��) = (7 - �) } `o '%7 + ��B + ��* + �� } `o��

%7 + ��B + 7�� ���� =  �  ��
Tw{� = F } z{2 }  � } �#��$
�#��$ = (7 - �) } `o '%7 + ��B + ��* + �� } `o��

%7 + ��B + 7�� ���� =  �  ��



T� = T�� WX�436YZ[�, 

X� = ^_�T�� = @V3[s� #s� = �m�(s�@� s�B)$s�@ = 2(7 + ��)z�
s�B = ��0 z�6� + z�



Tw = 436T�
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Rayleigh G ; < K  

 

 

 

 































HI > J + 1LtanN
HIJN

J N
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QS > QST UVS436WXY Z[

QST > 7436;\T

VS > ]^S

\T > _`b (V + 2Acdjmo)p(p + 2Acdjmo)Vq 7rTs _`b (V + 2Asdjmo)(p + 2AsX@djmo)(p + 2Asdjmo)(V + 2AsX@djmo)csu@



Qv > wQS

xz > xz@q {*xz@xzs, | }~�(�sX@) B ~�(�s)��
~�(�) > 7(2 B �) | �72 | 6 + 9�.]7 + �. B 2� + 7 B 2�2 | *]7 + �. B �,�
� > �j



j > 2� � |  �E
 � �



QSz > 43: | (QSz� + QSz�)QSz� > E | xz7 B � | 72 � | 7
�� × _m��

$7+ ��. + 7�� ��QSz� > E | xz7 B � | 72 � | 7
�� × _m��

$7+ ��. + 7�� ���� >  �  ���� >  �  ��

Qvz > 43: | (Qvz� + Qvz�)Qvz� > E | xz2 |  � | ~(��)
~(��) > (7 B �) | _m &$7 + ��. + ��' + �� | _m��

$7 + ��. + 7�� ���� >  �  ��
Qvz� > E | xz2 |  � | ~"��#
~"��# > (7 B �) | _m &$7 + ��. + ��' + �� | _m��

$7 + ��. + 7�� ���� >  �  ��



Q� > Q�� UV�436WXY/Z 

V� > ]^�Q�� > @T3Yr� "r� > �j�(r�@� r�.)#r�@ > 2(7 + ��)x�
r�. > ��- x�6� + x�



Qv > 436Q�
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DE = DEF 7GEHI38JK LM

DEF = NHI3OPF

GE = ;QE

PF = RST (G + UVWXYZ[)\(\ + UVWXYZ[)G] N̂F_ RST (G + UV_XYZ[)(\ + UV_J6XYZ[)(\ + UV_XYZ[)(G + UV_J6XYZ[)W_`6



Db = cDE

de = de6] f,de6de_. g {hi(j_J6) - hi(j_)}l
hi(j) = N(U - m) g oNU g 3 + pj*;N + j* - Uq + N - UmU g ,;N + j* - j.r
j = sY



Y = U! u g  vw
 u v



DEe = HIx g (DEey + DEez)DEey = w g deN - m g NU u g N
|u × RZ

~
�$N+ |u* + N|u �

�
DEez = w g deN - m g NU v g N

|v × RZ
~
�$N+ |v* + N|v �

�
|u =  v  u�
|v =  u  v�

Dbe = HIx g (Dbey + Dbez)Dbey = w g deU g  u g h(|u)
h(|u) = (N - m) g RZ &$N + |u* + |u' + |u g RZ~

�$N + |u* + N|u �
�

|u =  v  u�
Dbez = w g deU g  v g h"|v#
h"|v# = (N - m) g RZ &$N + |v* + |v' + |v g RZ~

�$N + |v* + N|v �
�

|v =  u  v�



Di = Di� 7GiHI38JK�L 

Gi = ;QiDi� = 6FIK^� "^� = �Y�(^�6� ^�*)#^�6 = U(N + m�)d�
^�* = ��5 d�3� + d�



Db = HI3Di
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FG = I 2 DJtanK
FGIK
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FG = I 2 DJtanK
FGIK
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OQ = OQR -TQ<V4.WX YE

OQR = 1<V4Z[R

TQ = \]Q

[R = ^_` (T 2 ;bcdefg)h(h 2 ;bcdefg)Ti 1jRl ^_` (T 2 ;bldefg)(h 2 ;blWmdefg)(h 2 ;bldefg)(T 2 ;blWmdefg)clom



Op = qOQ

rs = rsmi u/rsmrsl0 v {wx(ylWm) + wx(yl)}z
wx(y) = 1(; + |) v ~1; v 4 2 Ay3\1 2 y3 + ;� 2 1 + ;|; v /\1 2 y3 + y0�
y = �e



e = ;! � v  ��
 � �



OQs = <V? v (OQs� 2 OQs�)OQs� = � v rs1 + | v 1; � v 1
�� × ^f

�
�$12 ��3 2 1�� �

�
OQs� = � v rs1 + | v 1; � v 1

�� × ^f
�
�$12 ��3 2 1�� �

�
�� =  �  ��
�� =  �  ��

Ops = <V? v (Ops� 2 Ops�)Ops� = � v rs; v  � v w(��)
w(��) = (1 + |) v ^f *$1 2 ��3 2 ��, 2 �� v ^f�

�$1 2 ��3 2 1�� �
�

�� =  �  ��
Ops� = � v rs; v  � v w"��#
w"��# = (1 + |) v ^f *$1 2 ��3 2 ��, 2 �� v ^f�

�$1 2 ��3 2 1�� �
�

�� =  �  ��



Ox = Ox� -Tx<V4.WX@Y 

Tx = \]xOx� = mRVXj� "j� = �e�(j�m� j�3)#j�m = ;(1 2 |�)r�
j�3 = ��: r�4� 2 r�



Op = <V4Ox








