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Ù¥, µ0 = 4π × 10−7 H/m �ý�^�Ç.

b�\�>^ÅõÇ� P0, K²L�lfN�
�>^ÅõÇ P1 �

P1 = P0 e−2αd. (6)

Ïd, >^ÅÏL�lfN��P~�

Att =
∣∣∣∣10 lg

(
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)∣∣∣∣ = 8.68αd(dB). (7)
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3.1 >>>^̂̂ÅÅÅPPP~~~������lllfffNNN���ÝÝÝ���CCCzzz

©O�½�lfN-EªÇ fen = 109 Hz,

1010 Hz, 1011 Hz Ú 1012 Hz �, 35 GHz Ú 96 GHz

>^ÅP~��lfN�Ý�CzXã 2 ¤«.

dã 2(a)—(d) ¥Ñ�±wÑ, 3�Ó��lf
N�ÝÚ-EªÇe, 35 GHz >^ÅP~þÑ�u
�u 96 GHz >^ÅP~þ. ��lfN-EªÇ
ØC�, �X�lfN�ÝO\, 35 GHz Ú 96GHz

>^ÅP~þO�, Ó��ö��O\. ù´du
�lfN�ÝO\�, �õ�>fl>|áÂUþ,

¿ÏL-ED�
¥5âf, ¦�>^ÅP~O\.

'�ã 2(a)—(d) ��, ��lfN�ÝØC
�, �X�lfN-EªÇO\, 35 GHz Ú 96 GHz

>^ÅP~��kO\�~�, fen = 1012 Hz �,

35 GHz Ú 96 GHz >^ÅP~­�Ä�­Ü. e�
!ò?�ÚïÄ>^ÅP~Ú�lfN-EªÇ

�'X.

ã 1 �lfN¥>^ÅDÑÔn�.

3.2 >>> ^̂̂ ÅÅÅ PPP ~~~ ��� ��� lll fff NNN --- EEE ªªª ÇÇÇ
���CCCzzz

© O � ½ � l f N � Ý n e = 1016/m3,

1017/m3, 1018/m3 Ú 1019/m3 �, 35 GHz Ú 96 GHz

> ^ Å P ~ � � l f N - E ª Ç � C z X
ã 3¤«.

dã 3(a)—(d) �±wÑ, 3�Ó��lfN�
ÝÚ-EªÇe, 35 GHz >^ÅP~þþ�u�
u 96 GHz >^ÅP~þ. �>^ÅP~��lf
N�Ý�Cz5Æk¤ØÓ, �X�lfN-Eª
Ç�O\, 35 GHz Ú 96 GHz >^ÅP~þþ kO
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ã 2 >^ÅP~��lfN�Ý�Cz (a) fen = 109 Hz; (b) fen = 1010 Hz; (c) fen = 1011 Hz; (d) fen = 1012 Hz

ã 3 >^ÅP~��lfN-EªÇ�Cz (a) n e = 1016/m3; (b) ne = 1017/m3; (c) ne = 1018/m3; (d) n e = 1019/m3
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��~�. 3�lfN-EªÇ�p�, 35 GHz >
^ÅP~­�Ú 96 GHz >^ÅP~­�Ä�­
Ü. ù´du-EªÇO\�, >f�¥5âf�
-EVÇO\, l
ÏL-ED�¥5âf�Uþ
�O\, ù¦�>^ÅP~O\; 
�-EªÇL
p�, >f3-Ec�>^Å\���méá, ÿ
�5�9l>|¼��õ�Uþ, B�¥5âf
u)
-E, Ï
-EªÇLp�, >^ÅP~�

eü.

dã 3(a)—(d) ��±wÑ, 35 GHz Ú 96 GHz

>^ÅP~­�þ�3¸�, L 1 �Ñ
ØÓ�Ý
e 35 GHz Ú 96 GHz >^ÅP~¸�éA�-E
ªÇ. dã 3 ÚL 1 �±wÑ, éu 35 GHz >^Å

ó, �lfN-EªÇ fen = 35 GHz NC, >^
ÅP~�3¸�; éu 96 GHz >^Å
ó, �lf
N-EªÇ fen = 96 GHz NC, >^ÅP~�3¸
�. = f = fen NC, >^ÅP~�3¸�, ù´d
u�lfNé>^Å�)
��áÂ.

'�ã 3(a)—(d), ¿dL 1 ��, �X�lf
N�Ý�O\, >^ÅP~¸� ���lfN-
EªÇ$à��k¤£Ä, 
�, 35 GHz >^ÅP
~¸� �£Ä��²w. ,	, '�ã 3(a)—(d)

��±w�, �X�lfN�Ý�O\, >^ÅP
~þO\, �lfN�ÝO\��êþ?�, >^
ÅP~�O\��êþ?.

L 1 35 GHz Ú 96 GHz >^ÅP~¸�éA�-EªÇ

N e/m−3
35 GHz >^ÅP~¸� 96 GHz >^ÅP~¸�

éA�-EªÇ/GHz éA�-EªÇ/GHz

1016 35 96

1017 35 96

1018 34 96

1019 27 94

4 ¢�(J

3nØ(JÚ©ÛÄ:þ, ±-Å+�¢�²
�, �ï
�lfN¥>^ÅDÑ¢�XÚ, é>

^Å3�lfN¥�DÑA5?1
¢�ïÄ, ¢
�C�«¿ãXã 4 ¤«. ¢�¥, æ^ 35 GHz ÿ
ÁXÚÚ 96 GHz ÿÁXÚÓ�?1¢�, -Å+
�»� 0.08 m, �?1
 4 g¢�. L 2 ¤«��
lfN�ÝÚ-EªÇêâ´�â¢��-Å+
�ÔnG�ëêO�Ñ5�, ¿±d��nØO�
�Ä:ëê.

ã 4 >^Å3�lfN¥DÑA5¢�C�«¿ã

L 2 �lfN�ÝÚ-EªÇ

êâ: n e/m−3 fen/1010 Hz

1 5.0 × 1016 4.0

2 5.9 × 1016 4.0

3 7.3 × 1016 4.2

4 6.0 × 1017 4.0

L¥ëê´�â-Å+�ÔnG�ëêO����.

ã 5 �Ñ
 35 GHz, 96 GHz >^ÅP~nØ
��é', ã 6 � 35 GHz, 96 GHz >^ÅP~¢�
��é'. dã 5!ã 6 �±wÑ, 3�Ó��lf
N�ÝÚ-EªÇe, 35 GHz >^ÅP~þ�n
Ø�Ú¢��þ�u 96 GHz >^ÅP~þ. dd
�±wÑ, Jp>^ÅªÇ´)ûçæ¯K�k�
å».

ã 7 � 35 GHz >^ÅP~¢��ÚnØ��
é', ã 8 � 96 GHz >^ÅP~¢��ÚnØ�
�é'. dã 7!ã 8 �±wÑ, éu�Ó��lf
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N�ÝÚ-EªÇ, 35 GHz, 96 GHz >^ÅP~n
Ø�Ú¢��þ�NÎÜ. dã 7!ã 8 ��±w
Ñ, 35 GHz, 96 GHz >^ÅP~¢��ÚnØ��

mþ�3�½�É, ù�U´¢�ÿÁXÚ�5�
Ø�, ��U5g�lfN�ÝÚ-EªÇ�O�
Ø�.

ã 5 35 GHz Ú 96 GHz >^ÅP~nØ�é' ã 6 35 GHz Ú 96 GHz >^ÅP~¢��é'

ã 7 35 GHz >^ÅP~¢��ÚnØ�é' ã 8 96 GHz >^ÅP~¢��ÚnØ�é'

5 ( Ø

�©é 35GHz Ú 96GHz >^Å3�lfN¥
�DÑA5?1
nØÚ¢�ïÄ, ��
>^Å
P~��lfN�Ý!-EªÇÚ>^ÅªÇ�
Cz5Æ. �lfN�ÝO\��êþ?�, >^

ÅP~O\��êþ?; �X�lfN-EªÇ�
O\, >^ÅP~kO\�~�; �X>^ÅªÇ
�O\, P~eü. ±-Å+�¢�²�?1
�
lfN¥>^ÅDÑA5�¢�ïÄ, ¢�(JÚ
nØ(JÎÜ�Ð. nØÚ¢�(JþL², Jp
>^ÅªÇ´)ûçæ¯K�k�å».
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electromagnetic wave transmission in plasma∗

Zheng Ling1) Zhao Qing1)† Luo Xian-Gang2) Ma Ping1) Liu Shu-Zhang1)

Huang Cheng2) Xing Xiao-Jun1) Zhang Chun-Yan1) Chen Xu-Lin1)

1) ( School of Physical Electronics, University of Electronic Science and Technology of China, Chengdu 610054, China )

2) ( State Key Laboratory of Optical Technologies for Microfabrication, Institute of Optics and Electronics, Chinese Academy of

Sciences, Chengdu 610209, China )

( Received 19 October 2011; revised manuscript received 4 January 2012 )

Abstract

The aircrafts, such as space shuttle, spaceship and so on, are facing the well-known “blackout” problem when they reentry into

the atmosphere. The plasma sheath leads electromagnetic waves to attenuation, and the communications between the aircrafts and the

ground to losing, and even completely interrupte, thereby resulting in the loss of radar targets and threatening the lives of the astronauts.

Therefore, it is important to study the properties of the electromagnetic wave transmission in plasma. The characteristics of electro-

magnetic wave transmission in plasma are studied theoretically and experimentally in this paper. The variations of the electromagnetic

wave attenuation with plasma density, collision frequency and electromagnetic wave frequency are obtained. The electromagnetic wave

attenuation increasean an order of magnitude with plasma density increasing an order of magnitude. The electromagnetic wave atten-

uation first increases and then decreases with plasma collision frequency increasing, the electromagnetic wave attenuation decreases

with the increase of electromagnetic wave frequency. The electromagnetic wave transmission properties in plasma are studied exper-

imentally with shock tube, and the experimental results accord well with the theoretical results. The results show that increasing the

electromagnetic wave frequency is an effective way to solve the reentry blackout problem.

Keywords: plasma, electromagnetic waves transmission
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