
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 115204

���¡¡¡ÈÈÈ���lllfffNNN¡¡¡���ÝÝÝ©©©ÙÙÙ©©©ÛÛÛ

¶�† ¿©� 
## M�¬

( ¥I�Æ��m�Æ�A^ïÄ¥%, �® 100190 )

( 2011 c 9 � 20 FÂ�; 2011 c 10 � 11 FÂ�?Uv )

|^�%Ò4�>�)
º�� 60 cm × 60 cm × 2 cm ��¡È�lfN¡. 3¢�¿^�eé�¡È�l
fN¡��Ý©Ù?1
ÿþ. dupØ�>óÀó°�á, ¢�¥UC
ÿþ�{, Ó�, 3¥�^|K�e, �

��ý¢��lfN�Ý, ?1
7��ê�?�. 3�>>6� 1—6 A �, ÿþ
���>f�Ý©Ù. ,	,

ÿþ¿?Ø
Ù¦�¸ëêé�lfN�Ý�K�. >f�Ý�©Ù�¹é��ÅÅå����­�. d�%Ò4
Or.�>�)��¡È�lfN¡äk�� X Åã (8—12 GHz) �ÅI��v
È��>f�ÝÚv
þ!�
�Ý©Ù, ù´�lfN¡3X�XÚ¥��7á¡��k|^�.

'�c: �lfN�Ý©Ù, �¡È�lfN¡, J¸�&�
�

PACS: 52.70.Nc, 52.80.Vp, 52.77.Fv

1 Ú ó

ä k v 
 � Ý � � ¡ È È � � l f N ¡
U 
 � 7 á ¡ � � ^ 5 � � � Å Å å [1,2].

Manhermer[1] @�ù«`:U
3�lfNº¡
þ��A^, ¿é�U3X�XÚ¥O�7á��
¡. 3�)�¡ÈÈ��lfN¡�¡, IS	®
²?1
�þ�ó�. °���¡È�lfN¡�
Å��A5áÚ
�þ�'5 [2]. ��ÅªÇ$u
�lfNªÇ�, �Åò3�lfN.¡¢y��.

�ÅªÇ��lfN�.�Ý�'X� [3]

νp = 9 × 103n
1/2
e , (1)

Ù¥ n e �>f�Ý. �.�%Ò4U
�)�Ý
v
���lfN¡, Ó�, Ù¤�)��lfN
¡�·^u�°�ª�. �éu8c�Ä�7á¡,

�lfN¡3��
X�¥�A^�ä`³.

�Åó�ªÇ� 10.5 GHz, R�\�^�e,

�
��ù�ªÇ��Å, I��lfN��Ý�
� 1.4 × 1012 cm−3. Ó�, �lfN¡�Ý©Ù�
þ!§Ýéu�Å���~'�, L���ÝFÝ

¬¦�Å��&Ò~f. Ï~, ïÄL§¥ò�l
fN¡¥%:�Ý���N�lfN¡�Ý, �´
é�lfN¡�Ý©Ù�©Û�é��. �©^�
%Ò4�Or.�>/¤
�¡È�lfN¡, ¿
ÏLKD�&�
�ÿ�
�lfN>f�Ý©
Ù. (Jw«, 3Or.�>�ªe, �lfN�Ý
v
�� X Åã��Å, ,	, du¤�)��l
fNY²��Úp���Ý©Ùþ!, ��&Ò¿
Ø¬�P~.

2 ¢�C�9ÿÁ�{

� ¡ È � l f N ¡ � � ) Ú ÿ Á C � X
ã 1 ¤ «. I S 	 � ó � Ä � 3 a q � C �
¥?1 [2−7]. �©¢�¥�)��lfN¡�
�� 60 cm × 60 cm × 2 cm. pØóÀ&ÒªÇ
� 100 Hz, ó° 100 µs. ��>>Ø��ê kV, O
r.�>��¡È�lfN¡3 10 µs S/¤.

KD�&�2�A^u�lfNëê�ä.

¢�¥�O�ü�KD�&���» 1 mm, �
Ý 5 mm �¾�ÎN. du�>óÀ°Ýé�, ×£
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>ØÃ{3���>óÀS¢y×£L§. Ïd,

æ^&Òu)ìÚõÇ��ì�Ü|¤>Ø×£
C�. ���>óÀ�½��×£>Ø, ü��>

óÀS>Ø�±­½. ��>Ø×£L§3&Òu
)ì��gn�Å±ÏS�¤.

ã 1 �¡È�lfN¡�)ÚëêÿÁC�ã

Äu>6>Ø (I-V ) ­�!^|rÝ!�>í
Ø, ÏLëê?�, ��
�lfN¡�Ý�¢S
�. ^|rÝ� 220 Gs (1 Gs = 10−4 T), >f£^
�», lf£^�»Ú&�º�I÷v

rce ¿ a ¿ rci, (2)

Ù¥ rce, rci Ú a ©O�>f£^�», lf£^�
»Ú&�º�. ù��ëêG�, ÷v¥�^|?
�^�, >f�Ú6 �. Ïd, �kÏLëê?�
âU¼�>f�Ý�ý¢� [8,9]. ?��>f�Ú
6'Xª�

I =
NeυS

4
R, (3)

Ù ¥ I � > f � Ú > 6, N � > f � Ý, e �
>f>Ö, ῡ �>f²þ�Ý, S �&�}�¡
È, R =

4λ

3a

√
α � ? � Ï f, λ � ² þ g d §,

√
α =

√
D⊥/D �^|?��, D⊥ =

D

1 + ω2τ2

�R�^|*ÑXê, D �²1^|*ÑXê,

ω ��lfNªÇ, τ �-EªÇ. >f²þgd
§�íØ�'X� λ = 4.40/p. � p = 160 Pa �,

λ = 2.75 × 10−4 m. >f�¥5âf�-EªÇ�

υ = 1/τ = 1.52 × 107p
√

Te, (4)

Ù¥ Te �>f§Ý, ± eV �ü . Ïd, é>f
�Ú6�?�U
ÏLù��í�'X�Ñ, Ï
L (3) ª�±�Ñ?���>f�Ý.

�
���lfN¡�Ý����Ý©Ù, �
©�O��
�£Ä�KD�&�
�. ��&�

Y²�å� 10 cm, Ú?>ÅU
°(��&�

��p� �, p�ÿþÚ�� 4 cm. oO 84 �ÿ
þ:�©Û���Ý©ÙJø
�â, ¿`²
�
lfN¡��Nþ!5. ÏL�½&�: �� 5

g­E�>ÿþ, ©Û��
êâæ8L§¥�ÿ
þØ�, ±�lfN¡¥%: ��~, 5 gÿþ(
Jw«êâØ�� 5.4%, ÷v�lfNÿþëê�
©Û�¦.

3 êâ©Û

ã 2 �Ñ
�>>6� 1 A, �>íØ� 160 Pa

���lfN>f�Ý©Ù. Ù¥, �4 up¶
�V �, Ò4 u��� �. Y²���Ý©
Ùþ!, p�>f�Ýl�4�Ò4O�. �©¢
�L§¥, du>fUþ��Ñ, U
�>l�¥
5âfêþeü [7,10], >f�Ýl 1.8 × 1011 cm−3

(å�4 8 cm) eü� 4 × 1010 cm−3 (10 cm �Ò
4). ã 3 �ã 2 ���Àã, �lfN¡�þ!5
�\�ß.

,	, �©ÿþ
3Ù¦�>>6e�>f�
Ý©Ù¿3ã 4 ¥?1
`². dã 4 ��, >f
�Ý©Ù3ØÓ�>>6^�eäk��>>6
� 1 A ����©ÙA5. ¦+p�>f�Ý©Ù
äk�½�FÝ, duFÝé�, éu�Å���
¦´�±�É� [11]. �
��*`²p�>f�
Ý©Ù�X�>>6�Cz, �©J�
¥% �
p�>f�Ý¿3ã 5 ¥?1
`².
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ã 2 �>>6� 1 A, �>íØ� 160 Pa ��lfN�
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ã 3 �>>6� 1 A, �>íØ� 160 Pa �>f�Ý©
Ù��ã

���� � � �� � � �� � � �� � � �� � � � � � � 	 
 � � � � � � � 	 
 �� 
 � � 
 �
� 
 �

� � � � � �
� � �

����� ���� ����� ����
����� ���� � � � � � � 	 
 �

� � � � � ��� �� �
�� �� � � �� � � �� � � �� � � �

� �� � � �� � � �� � � �� � � � �

� �  � !  
� �  

ã 4 ØÓ�>>6��>f�Ý©Ùã (a) 2 A; (b) 4 A; (c) 5 A

dã 5 ��, �lfN¡¥% �>f�Ý
l�4�Ò4�úO\. ��>>6� 1—6 A �,

¥% �>f�Ý©O� 1.4 × 1011, 3.2 × 1011,

3.7× 1011, 5× 1011, 8.5× 1011 Ú 9× 1011 cm−3. ù

��>f�Ýéu 45◦ �\�� X Åã�Å��
´¿©�.

du�%Ò4´þ!�>, �%Ò4S>|�
Ó, Ïd, >f�Ý3Y²��þ!, Xã 6 ¤«.
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ã 5 ¥% �¶�>f�Ý©Ù�X�>>6Czã

ã 6 Y²��>f�Ý©Ùã

�
éÑ>f�Ý��å^|rÝ�m�'
X, ¢�¥UC
²0¿[��¥>6���, ¿
é>f�Ý?1
ÿþ. ^|��>6l 8 A þ,
� 18 A L§¥, >f�Ývk²wCz, Xã 7 ¤
«. ¦+^|rÝé>f�Ývk²wK�, 8 A �

^|��>63�±>f$Ä����~7�, Ä
K�lfN¡Ã{/¤. ¢�¥uy, �I^|�
� 100 Gs ½±þ, �lfN¡þ!5ÒU
���
±.

ã 7 >f�Ý�^|Czã

4 ( Ø

3¢�¥�O�)
 60 cm × 60 cm × 2 cm

����lfN¡, ¿±�
>f�Ý©Ù���
ã. ©Û?Ø
3¥�^|^�e>f�Ý�?�
�, O���
>f�Ý�ý¢�. �lfN¡>
f�Ý�X�>>6�Cz
ØÓ, Ó�, 3N�
^|�����
>f�ÝÉ^|K�Ø��(
Ø. �lfN¡���Ý©Û¥, uy>f�Ý3
Y²���±þ!, p��Ýl�4�Ò4±��
FÝÅìO\. 3�%Ò4Or.�>�ªe, >
f�Ýv
�� X Åã�Å. Ïd, �¡È�lf
N¡äk�7á¡�Ó����ÅA5, ¿±ÑÚ
�°�A5U
3��
X�XÚ¥��7á¡
��Åå��Ü©.
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Density distribution of large planar plasma sheet
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Abstract

A large plasma sheet with a size of 60 cm × 60 cm × 2 cm is generated in an apparatus with a hollow cathode. The electron

density distribution of the large area plasma sheet is measured. Since the duration of high voltage pulse is short, we change measurement

methods. Besides, modification is used for electron saturation current to get the real density. The two-dimensional electron density and

electrical field distribution are calculated at discharge currents ranging from 1 to 6 A. Meanwhile we discuss other parameters related

to density distribution. The electron density distribution is important for plasma sheet to steer microwave. It is encouraging that the

large area plasma sheet generated by the hollow cathode is uniform and has sufficient electron density to reflect X-band (8–12 GHz)

microwaves.
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