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Fig. 1. Schematic diagram of calculation model.
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Fig. 2. Transmissivity of a plasma slab at different

electron temperatures.
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Table 1. Relationship between peak frequency, magnetic field B and electron temperature T at the trans-

mittance of about 1.
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4.5
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Fig. 4. Relationship between high transmission fre-

quency and magnetic field.

WRIER I RLH f-BZ 5 T-B il

2k, WE s A 6 o, B S ATE, fEiE R R

LI, HIEERR f SR 58 2 (A 2R MR R,
BRI AR R TR N

f =0.0265B8 + 0.0281. (7)

HE6R A, T-Biik 2R Bk R, £

ME

7=
T

T = 910.8 exp(—0.6054B)

+195.3 exp(—0.1581B). (8)

I A2 206 (7) 2080 (8) 38, AT LASK H R R ipe 2
L7 e S AT AR 7 A A R A U
Mt B SR TIRET.

Transmission frequency/THz

174101-3

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

+ Calculated data *

Linear fitting

R
t-"“‘
5 10 15 20 25
Magnetic intensities/T
K5 &l FRIGESFR T B f-B 2

Fig. 5. f-B curves corresponding to the peak trans-

mission frequency.


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 174101

1000

800}

600 + Calculated data

...... Exponential fitting
400t Y

Electron temperature/keV

200 KY

0 5 10 15 20 25
Magnetic intensities/T

6 EITRIE TR R T-B ik
Fig. 6. T-B curve corresponding to the peak trans-

mission frequency.

K BL B J7 R R AT SRAFAEAT B SR T
B RN A, X Rk S8, i FDTD ik
XF 2 1 v o> B HEAT 07 EOUE B, 25 R A& 7 B,
NS T) kSRR
(t —to)

T

Ei(t) = exp[—0.5 x (t —t0)?/72], (9)

Hrpr =25, tg = 357, WHE MR dr = 5 pm,
dt = dz/(2c), FE A 2200 P, 558 71K &
2000 MK, 5 AT 20000 B [A) 25, B 7HHE T
B =3, 6, 10 T i} firstf B 1% i S IE(E 40 . B TE
HEERE A, B =3 T FDTD 5 I AR N
0.105 THz, % 1 "1°40.109 THz; B = 6 T H FDTD
TR I 5% N 0.184 THz, % 1 415 0.183 THz;
B =10 T FDTD i+ & IEE A% )y 0.289 THz,
F 19850290 THz. LB RIH R iETHHEE R
FEAR—F, ATTUEM 1 1A 72 i IR .

1.0

o
o

o
=)

Transmissivity

<
i

0.2

Frequency/THz

BT SR FDTD Jr bR | o s
Fig. 7. Transmissivity calculated by FDTD method

according to table 1.

4 %2 W

WL HE VAR T T i S TR A B
EREIL G, W IE 0 A ) SR AT HEAT T b, 9
B VBRI H AKX LS R BRIk E
W FDTD J7iEikAT 1 30E, 45 R 5 A 30 bl R4k
A8, R T AT IR, RS
25 RAU A bR BN IR 8 18 A A T R AR
LB TS SR R R s, Ik, Fril
MZHOE S BAE M MEE A fit— 2. JEH&
WG SN EL R SGEFFA I, 148 v AL 7
BT KRBT

SE

[1] Zheng L, Zhao Q, Liu S Z, Xing X J 2012 Acta Phys.
Sin. 61 245202 (in Chinese) ¥R, B4F, Xk %=, MLei
2012 PBAR 61 245202

[2] Chen W, Guo L X, Li J T, Dan L 2017 Acta Phys. Sin.
66 084102 (in Chinese) [FRffi, FWILH, ZILEE, K4 2017
YR 66 084102

[3] Tian Y, Ai X, Han Y P, Guo L X 2015 Phys. Plasmas
22 290

[4] GuoL J,GuoL X, LiJ T 2017 Phys. Plasmas 24 022108

[5] GuL, Tan Z Y, Cao J C 2013 Phys. 42 695 (in Chinese)
[Eiar, 85, BRI 2013 Y3 42 695

[6] Hu Q L, Liu S B, Li W 2008 Chin. Phys. B 17 1050

[7] Zhou W, Ji K, Chen H M 2017 Acta Phys. Sin. 66
054210 (in Chinese) [i %, Z=H], FREgNy 2017 5 %
R 66 054210]

[8] Chen C M, Bai Y L, Zhang J, Yang Y, Wang J 2018
High Power Laser and Particle Beams 30 013101 (in
Chinese) [R4H, 50, 5Ki&, MM, £45 2018 sRHOL
5HFIR 30 013101]

[9] Yuan C X, Zhou Z X, Xiang X L, Sun H G, Wang H,
Xing M D, Luo Z J 2011 Nucl. Instrum. Meth. B 269
23

[10] Yuan C X, Zhou Z X, Zhang J W W, Xiang X L, Yue
F, Sun H G 2011 IEEE Trans. Plasma Sci. 39 1577

[11] Wu X G, Hu Y, Wang P, Nan L 2018 High Power Laser
and Particle Beams 30 043102 (in Chinese) [ffi 2], #
v, T°F, Bk 2018 SRECE SR TR 30 043102

[12] Liu J X, Zhang J L, Su M M 2014 Acta Phys. Sin. 63
137501 (in Chinese) [XIZIE, 5kEETE, 75K 2014 Y3 2
& 63 137501]

[13] LiuJ X, Su M M, You X, Li A P, Yang H W 2013 Sci.
Tech. Eng. 13 4418 (in Chinese) [XIEEHS, JRHIML, Wk,
TR, MFH 2013 BHEEARE T 13 4418]

[14] Yang H W, Zhang Y, Chen R S 2007 J. Nanjing Uni-
versity of Science and Technology 31 491 (in Chinese)
W7 4%, sz, MRl 2007 FFRTHE TOR2244Rk 31 491]

[15] Song W, Zhang H 2016 J. Electromagnet Wave 30 1321

[16] Rahmani Z, Moradi H 2018 Optik 155 81

174101-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.61.245202
http://dx.doi.org/10.7498/aps.61.245202
http://dx.doi.org/10.7498/aps.66.084102
http://dx.doi.org/10.7498/aps.66.084102
https://doi.org/10.1063/1.4931742
https://doi.org/10.1063/1.4931742
http://dx.doi.org/10.1063/1.4973654
http://www.wuli.ac.cn/CN/abstract/abstract56564.shtml
http://dx.doi.org/10.1088/1674-1056/17/3/050
http://dx.doi.org/10.7498/aps.66.054210
http://dx.doi.org/10.7498/aps.66.054210
https://doi.org/10.11884/HPLPB201830.170276
https://doi.org/10.11884/HPLPB201830.170276
http://dx.doi.org/10.1016/j.nimb.2010.10.003
http://dx.doi.org/10.1016/j.nimb.2010.10.003
http://dx.doi.org/10.1109/TPS.2011.2151207
https://doi.org/10.11884/HPLPB201830.170309
https://doi.org/10.11884/HPLPB201830.170309
http://dx.doi.org/10.7498/aps.63.137501
http://dx.doi.org/10.7498/aps.63.137501
http://www.stae.com.cn/ch/reader/view_abstract.aspx?file_no=1300358&flag=1
http://www.stae.com.cn/ch/reader/view_abstract.aspx?file_no=1300358&flag=1
http://zrxuebao.njust.edu.cn/oa/darticle.aspx?type=view&id=200704021
http://zrxuebao.njust.edu.cn/oa/darticle.aspx?type=view&id=200704021
http://dx.doi.org/10.1080/09205071.2016.1198727
http://dx.doi.org/10.1016/j.ijleo.2017.10.065

) I8 % 48 Acta Phys. Sin. Vol. 67, No. 17 (2018) 174101

(17] Yang H W 2012 J. Russ Laser Res. 33 356 (3rd Ed.) (Beijing: Higher Education Press) pp237-239

[18] Lee J H, Kalluri D K 1999 IEEE Trans. Antennas (in Chinese) [W4b77, Besti® 1999 HL% 5 B (553
Propag. 47 1146 W) (Abat: mSEE0E k) 5% 237—239 1]

[19] Jazi B, Rahmani Z, Shokri B 2013 IEEE Trans. Plasma [21] Platzman P M, Buchsbaum S J 1963 Phys. Rev. 132 1
Sci. 41 290 [22] Tian Y, Han Y P, Ling Y J, Ai X 2014 Phys. Plasmas

[20] Xie CF, Rao K J 1999 Electromagnetic Field and Wave 21 1768

Transmission characteristics of terahertz wave in
high temperature plasma

Meng Ling-Hui Ren Hong-Bo Liu Jian-Xiao!

(School of Electronics and Information Engineering, Hengshui University, Hengshui 053000, China)

( Received 11 April 2018; revised manuscript received 21 April 2018 )

Abstract

In the hypersonic flight, the air surrounding an aircraft under the effect of high temperature will be ionized. The
ionized gas is called plasma. Because of the influence of interaction between electromagnetic wave, in some cases the
communication will be interrupted. High temperature effect is an important characteristic of the plasma. Therefore, the
study of terahertz wave propagation in high temperature plasma is of great significance. In this paper, the transmission
of terahertz wave in a high temperature plasma slab is studied. Generally, high temperature plasma is an anisotropic
medium. The electromagnetic wave propagates in anisotropic high-temperature plasma and forms left-hand circular
polarization mode or right-hand circular polarization (RCP) mode. It is found that the RCP wave can exhibit some
novel characteristics, such as the forbidden band transmission characteristics, which is discovered in this paper. The
transmission characteristics of terahertz wave in high temperature plasma are studied analytically. The results show that
when the frequency of terahertz wave is lower than plasma frequency, the wave cannot be propagated in high temperature
plasma, and it shows a stopband characteristic. When the frequency is higher, it can be transmitted through the plasma,
and it presents a passband characteristic. These are consistent with the propagation characteristics of electromagnetic
waves in cold plasma. However, some characteristics in high temperature plasma are different from those in the cold
plasma. In high temperature plasma, the transmission characteristics are influenced by the electron temperature and
external magnetic field. When the two parameters are chosen appropriately, a sharp transmission peak will be produced
in the stopband. This phenomenon has never been found in cold plasma models before. And the paper will discuss
this problem by the two influencing factors. It is also found that the frequency of the transmission peak is affected
by magnetic field, and the peak amplitude is influenced by electron temperature. The electron temperatures at high
transmittance (transmittance is about 1) under different applied magnetic fields are calculated. In order to study the
law embodied in the data, the method of data fitting is adopted. And the formula of transmission peak frequency is
obtained by curve fitting. The fitting results show that the transmission peak frequency is proportional to the external
magnetic field. The relationship between peak electron temperature and external magnetic field is exponential. Finally,
the fitting formula is verified by the finite-difference time-domain method. The numerical results are in good agreement

with the analytical solution results, which proves the correctness of the work.

Keywords: high temperature plasma, magnetic field, transmission peak, electromagnetic wave
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