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7KH� VWXG\� RI� EUHDNGRZQ� SK\VLFV� DQG� FXUUHQW� UDPS�XS� LQ� WRNDPDNV� LV� VWLOO� IDU� IURP
FRPSOHWLRQ�� 0HDQZKLOH�� WKLV� LVVXH� LV� RI� D� JUHDW� LPSRUWDQFH� EHFDXVH� RI� LWV� SUDFWLFDO
DSSOLFDWLRQV��.QRZLQJ�WKH�ORFDWLRQ�RI�SODVPD�FROXPQ�IRUPDWLRQ� LV�FUXFLDO�IRU�GHYHORSPHQW
RI�WRNDPDNV�DQG�DFFXUDWH�GHVFULSWLRQ�RI�WKH�SURFHVV�RI�FXUUHQW�UDPS�XS�

7KH�VWDJH�RI�WUDQVLWLRQ�IURP�WKH�DYDODQFKH�EUHDNGRZQ�WR�SODVPD�FROXPQ�IRUPDWLRQ�LQ�WKH
FDVH� RI� SODVPD� EHLQJ� JHQHUDWHG� LQ� WKH� UHJLRQ� RI� HLWKHU� FORVHG� RU� QRQ�FORVHG� PDJQHWLF
VXUIDFHV� UHPDLQV� WKH� PRVW� REVFXUH�� &XUUHQWO\� WKH� SODVPD� FROXPQ� IRUPDWLRQ� DQG� FXUUHQW
UDPS�XS�DW�WKLV�VWDJH�LV�DQDO\]HG�ZLWKLQ�WKH�KRPRJHQHRXV���'��PRGHO�ZKHQ�WKH�WUDQVYHUVH
FROXPQ� GLPHQVLRQ� D�� DV� ZHOO� DV� WKH� PDMRU� UDGLXV� 5 DUH� GHULYHG� IURP� WKH� DYDODQFKH
EUHDNGRZQ�FRQGLWLRQ�DQG�FRQVLGHUHG�FRQVWDQW�WKURXJKRXW�WKH�HQWLUH�VWDJH�>���@�

$IWHU� DYDODQFKH� SKDVH� SODVPD�PLQRU� DQG�PDMRU� UDGLL� FDQ� FKDQJH�� 6R�� LW� ZLOO� EH�PRUH
DFFXUDWH�WR�FDOFXODWH�DOO�SODVPD�SDUDPHWHUV�IURP�FRQGLWLRQ�RI��'�SODVPD�HTXLOLEULXP�LQ�WKH
H[WHUQDO�SRORLGDO�PDJQHWLF�ILHOGV��2XU�ZRUN�LV�GHYRWHG�WR�WKLV�LVVXH�
(48$7,216�)25�48$6,1(875$/�3/$60$

+RZHYHU�� ZH� ILUVWO\� ZDQW� WR� VWXG\� WKH� SURSHUWLHV� RI� WKLV� �'� PRGHO�� L�H�� DQDO\]H� WKH
UHJXODULWLHV�LQGXFHG�E\�WKH�EXON�SURFHVVHV�DFFRPSDQ\LQJ�FXUUHQW�UDPS�GXULQJ�WKH�HDUO\�VWDJH
RI�SODVPD�FROXPQ�IRUPDWLRQ�

,Q� WKLV�ZRUN�ZH�DSSO\� WKH� DSSURDFK�GHYHORSHG� LQ� >���@� IROORZLQJ� WKH�RULJLQDO�QRWDWLRQ�
7KH�HQHUJ\�EDODQFH�HTXDWLRQV�IRU�HOHFWURQV�DQG�LRQV�LQ��'�DSSUR[LPDWLRQ�DUH�ZULWWHQ�LQ�WKH
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ZKHUH�/ LV�FROXPQ�LQGXFWDQFH�DQG�8 LV�WKH�ORRS�YROWDJH�
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,Q� ������ WKH� IROORZLQJ� QRWDWLRQV� DUH� DSSOLHG�� 9S LV� WKH� YROXPH� RI� SODVPD� UHJLRQ�� 9Y

UHSUHVHQWV� WKH� YDFXXP� FKDPEHU� YROXPH�� 7H b 7L DUH� WKH� HOHFWURQV� DQG� LRQV� WHPSHUDWXUHV
UHVSHFWLYHO\��32+ GHVFULEHV�RKPLF�KHDWLQJ�VSHFLILF�SRZHU��3' LV�HTXLOLEUDWLRQ�VSHFLILF�SRZHU
EHWZHHQ� HOHFWURQV� DQG� LRQV� LQ� SODVPD�� 3LRQ LV� QHXWUDO� JDV� LRQL]DWLRQ� VSHFLILF� ORVVHV�� 3F[

GHVFULEHV�FKDUJH�H[FKDQJH�VSHFLILF�ORVVHV��W? DQG�WJ DUH�WKH�HQHUJ\�DQG�SDUWLFOHV�FRQILQHPHQW
WLPHV��)RU�VLPSOLFLW\�ZH�SXW�W? �WJ�

7KH� YDOXH� RI� EUHDNGRZQ� YROWDJH� DV� D� IXQFWLRQ� RI� SDUDPHWHUV� XQGHU� FRQVLGHUDWLRQ
UHSUHVHQWV� RXU� PDMRU� LQWHUHVW� >�@�� )LJ��� VKRZV� WKDW� 8E LQFUHDVHV� OLQHDUO\� ZLWK� WKH� JDV
SUHVVXUH�
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)LJ� ��� &RPSDULVRQ� RI� VLPXODWLRQ� UHVXOWV� IRU
EUHDNGRZQ� YROWDJH� GHSHQGLQJ� RQ� K\GURJHQ
SUHVVXUH����± WKHRU\����±�VLPXODWLRQ����±�VLPXODWLRQ
ZLWK� WDNLQJ� LQWR� DFFRXQW� GHSHQGHQFH� RI� SODVPD
UDGLXV� IURP� SUHVVXUH� �DLF��� �� ±� WKHRU\�� �� ±
VLPXODWLRQ��u ±�H[SHULPHQW��L���F��

)LJ�� ��� %RXQGDULHV� RI� UHJLRQ� IRU� DYDODQFKH
EUHDNGRZQ�DW�DLF WRNDPDN�IRU�GLIIHUHQW�SUHVVXUHV�
S  �������������f3D�

$OORZLQJ� IRU� WKH� IDFW� WKDW� FKDUJH� H[FKDQJH� UHSUHVHQWV� WKH� PDMRU� HQHUJ\� ORVV� FKDQQHO
GXULQJ�EUHDNGRZQ�DQG�DVVXPLQJ�7L�| 7H DQDO\WLF�H[SUHVVLRQ� IRU�EUHDNGRZQ�YROWDJH�FDQ�EH
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,Q�)LJ����RQH�FDQ�VHH�WKH�FRPSDULVRQ�RI�QXPHULFDO�VLPXODWLRQ�UHVXOWV�REWDLQHG�IRU� WUDQVLHQW
V\VWHP�������ZLWK�IRUPXOD�����ZKHUH�D�IDLUO\�JRRG�DJUHHPHQW�LV�REVHUYHG�

)LJ��� GHPRQVWUDWHV� SUHVVXUH� GHSHQGHQW� OLQHDU� JURZWK� RI� EUHDNGRZQ� YROWDJH� VLPLODU� WR
WKDW� GXULQJ� WKH� DYDODQFKH� EUHDNGRZQ� �KLJK� SUHVVXUH� OLPLW� >�@��� +RZHYHU�� WKH� EUHDNGRZQ
YROWDJH�DW�TXDVL�QHXWUDO�VWDJH�LV�VXEVWDQWLDOO\�KLJKHU��ZLWKLQ�DQ�RUGHU�RI�PDJQLWXGH��WKDQ�WKH
FRUUHVSRQGLQJ�YDOXH�DW�WKH�DYDODQFKH�

:LWK�LQFUHDVH�RI�JDV�SUHVVXUH�EUHDNGRZQ�FRQGLWLRQV�EHFRPH�HDVLHU��EHFDXVH�7DXVHQG
FRHIILFLHQW�D ULVHV�ZLWK�SUHVVXUH�� ,W�LV�NQRZQ�WKDW�ZLWK� LQFUHDVH�RI�SUHVVXUH� WKH�SHUPLVVLEOH
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YDOXH�RI�SRORLGDO�ILHOG�LQFUHDVHV��DQG�FRQVHTXHQWO\��WKH�DUHD�ZKHUH�FRQGLWLRQV�RI�EUHDNGRZQ
DUH�IXOILOOHG�LV�EURDGHQHG��$FFXUDWH�FRQVLGHUDWLRQ�RI�HOHFWURQV�PRYHPHQW�DORQJ�PDJQHWLF�OLQH
OHW�XV�WR�REWDLQ�GHWDLOHG�VKDSH�RI�WKLV�UHJLRQ���)LJ������,W�LV�VHHQ�WKDW�ZLWK�LQFUHDVH�RI�SUHVVXUH
WKH� UHJLRQ�� IDYRUDEOH� IRU� EUHDNGRZQ� LV�ZLGHQHG�� � � ,I�ZH�GHWHUPLQH� VL]H� RI�SODVPD� FROXPQ
WKURXJK� WKH� VL]H� RI� WKLV� DUHD� DQG� VXEVWLWXWH� LW¶V� YDOXH� LQWR� IRUPXOD� ����� WKHQ� ZH� REWDLQ
FRUUHODWHG�YDOXH�IRU�EUHDNGRZQ�YROWDJH��VHH�)LJ�����
2D MODEL OF PLASMA COLUMN FORMATION

,Q��'�PRGHO�PDMRU�DQG�PLQRU�SODVPD�UDGLL�DUH�UHTXLUHG��ZKLFK�FDQ�EH�GHWHUPLQHG�IURP
HTXLOLEULXP� FRQGLWLRQV� IRU� SODVPD� FROXPQ� DW� H[WHUQDO� SRORLGDO� PDJQHWLF� ILHOGV�� 3ODVPD
HTXLOLEULXP� LQ� WRNDPDNV� LV� GHVFULEHG� E\� *UDG�6KDIUDQRY� HTXDWLRQ�� $W� RXU� FDVH� SDUW� RI
PDJQHWLF�ILHOG�OLQHV�ZKHUH�SODVPD�IORZV�DUH�FORVHG�DQG�SDUW�RI�WKHP�DUH�RSHQHG�DQG�WKH\�HQG
DW�WKH�YHVVHO�ZDOOV��7KLV�VLWXDWLRQ�LV�VLPLODU�WR�WKH�SLFWXUH�RI�+DOR�FXUUHQWV�IRUPDWLRQ�GXULQJ
GLVUXSWLRQ�>�@�

$W� WKH�*UDG�6KDIUDQRY� HTXDWLRQ� WKH� FRQGLWLRQ� WKDW�SODVPD�SUHVVXUH� LV� FRQVWDQW� DORQJ
PDJQHWLF� VXUIDFHV� LV�XVHG�� ,Q�RXU�FDVH�SODVPD�SUHVVXUH� LV� VPDOO�� VR� WKLV� UHTXLUHPHQW� LV�QRW
LPSRUWDQW��3ODVPD�FRQGXFWLYLW\�ZDV�GHWHUPLQHG�IURP��'�PRGHO��HOHFWULF�ILHOG�ZDV�FDOFXODWHG
IURP� VROXWLRQ� RI� �'� GLIIXVLRQ� RI� PDJQHWLF� ILHOG� HTXDWLRQ� VHOI�FRQVLVWHQWO\� ZLWK� VKDSH� RI
PDJQHWLF�VXUIDFHV��3RORLGDO�FXUUHQW�IXQFWLRQ�)�LV�FDOFXODWHG�XVLQJ�DYHUDJHG�*UDG�6KDIUDQRY
HTXDWLRQ�DQG�LW�LV�XVHG�IXUWKHU�DV�SDUW�RI�WRURLGDO�FXUUHQW�GHQVLW\�WR�VROYH��'�HTXLOLEULXP�DQG
WR�ILQG�VWUXFWXUH�RI�PDJQHWLF�VXUIDFHV�
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)LJ�����3ODVPD�PDJQHWLF�VXUIDFHV�FURVV�VHFWLRQ�RI�DLF WRNDPDN�GXULQJ�EUHDNGRZQ��Z������d:���E��±����d:�

$W� WKH� )LJ�� �� H[DPSOHV� RI� PDJQHWLF� ILHOG� VWUXFWXUH� DW� GLIIHUHQW� SODVPD� FXUUHQWV� DUH
VKRZQ�� ,W� LV� VHHQ� WKDW� DW� VPDOO� YDOXH� RI� SODVPD� FXUUHQW� VLJQLILFDQW� SDUW� RI� LW� IORZV� DORQJ
RSHQHG� ILHOG� OLQHV��:LWK� WKH� LQFUHDVH� RI�SODVPD� FXUUHQW� SUDFWLFDOO\� DOO� FXUUHQW� IORZV� LQVLGH
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FORVHG�PDJQHWLF�VXUIDFHV��3ODVPD�FROXPQV�LQ�ERWK�FDVHV�DUH� LQ�HTXLOLEULXP�VWDWH��7KXV�� IRU
VWXG\LQJ�RI�LQLWLDO�SODVPD�FROXPQ�IRUPDWLRQ��WKH�K\EULG��'��'�PRGHO�FDQ�EH�XVHG�
CONCLUSION

$W� WKH� �'� KRPRJHQHRXV� PRGHO� LW� ZDV� VKRZQ� WKDW� YDOXH� RI� YROWDJH� WR� RYHUFRPH
UDGLDWLRQ� EDUULHU� LQFUHDVHV� ZLWK� WKH� LQFUHDVH� RI� K\GURJHQ� SUHVVXUH� DQG� GHFUHDVHV� ZLWK� WKH
LQFUHDVH�RI�PLQRU�SODVPD�UDGLXV��7KH�VHOI�FRQVLVWHQW�PRGHO�RI�LQLWLDO�SODVPD�IRUPDWLRQ�ZLWK
�'� HTXLOLEULXP� DQG� �'� WUDQVSRUW� LV� SUHVHQWHG�� 7KH� G\QDPLFV� RI� WUDQVLWLRQ� RI� SODVPD
FRQILJXUDWLRQ�ZLWK�RSHQHG�PDJQHWLF�VXUIDFHV�WR�FORVHG�RQH�LV�GHPRQVWUDWHG��1H[W�VWDJH�ZLOO
FRQVLVW� RI� LQ� GHYHORSLQJ� �'� WUDQVSRUW� DQG� �'� HTXLOLEULXP� DQG� XVH� VFHQDULR� IRU� 1XOO
IRUPDWLRQ�DQG�3)�FRLOV�FXUUHQW�ZDYHIRUPV�IURP�75$160$.�FRGH�
5()(5(1&(6
�� %��/OR\G��*�/��-DFNVRQ��7�6��7D\ORU�HW�DO��1XFOHDU�IXVLRQ��Y������ ���������
�� %��/OR\G��3�*��&DURODQ��&�'��:DUULFN��3ODVPD�3K\V��DQG�&RQWUROOHG�)XVLRQ��������Y����

S�������
�� 9�:��%HO\DNRY��9�,��9DVLOLHY��D�,��/REDQRY�HW�DO��9,, ,QW��&RQI��(QJLQHHULQJ�3UREOHPV�RI

7HUPRQXFOHDU�5HDFWRUV��2FW���������������6W��3HWHUVEXUJ��S������
�� (�$��$]L]RY��<X�� 6�� &KHUHSQLQ�� 9�1�� 'RNRXND� HW� DO��� ���VW� 6\PS�� RQ� )XVLRQ� 7HFKQ��

0DGULG��6SDLQ��6HSW���������������
�� (�$��$]L]RY��$�'��%DUNDORY��*�*��*ODGXVK��5�5��.KDLUXWGLQRY��,QW��&RQI��DQG�6FKRRO�RQ

3ODVPD�3K\V��DQG�&RQWUROOHG�)XVLRQ��$OXVKWD��8NUDLQH��6HSW�����±����������
�� 9�(��/XNDVK��5�5��.KD\UXWGLQRY��)L]��3ODVPL������������S�����
�� 9RQ�(QJHO��,RQL]HG�JDVHV����QG�HG����&ODUHGRQ�3UHVV��2[IRUG�������
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