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Abstract When an aircraft reenters the atmosphere at hypervelocity, a plasma sheath that can block communication with
the ground is formed due to the air ionization on the vehicle surface. In this study, a plasma sheath model with the
inhomogeneous electron density and electron collision frequency is established to investigate the plasma sheath
characteristics on the surface of the reentry vehicle. The terahertz wave propagation in the plasma sheaths with different
distribution characteristics is discussed based on the idea of the equivalent wave impedance in inhomogeneous media. The
effects of different factors on the propagation characteristics of left-handed and right-handed circularly polarized terahertz
wave in the plasma sheath are studied. The results show a periodic phase shift of the terahertz wave in the plasma sheath,
which is mainly affected by the incident angle. This periodicity has nothing to do with wave polarization but is related to
wave position and frequency. The propagation characteristics of the two polarization modes of terahertz waves greatly
differ under the same factors at low frequencies. The propagation characteristics of the two polarization modes gradually
approach with the transmission frequency increase.
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Fig. 1 Schematic diagram of terahertz wave oblique incidence

to inhomogeneous plasma sheath
10 F/m 2 28 FH XA R 805 2 1 R A FL - [l g
PR w,.=eB/m., BT Hff A e=1.602 X 10 "C,
m.=9.109 X 10" kg A B F i iE ; w = 2nf h K 2%
WA AR AR B AL T R =V 1 2R
4IRS
AR 45 B K 4% J2 22 18] 9 30 5 2% VR Sell 2
(et
i1y sin .= kg sin @), (2)
K k= ko el w, 1) 5 i 25588 v AL 3% 5
ko) = w/c 2R R %% P AE B A5 TP R A 18 R, ¢ O
Oy J W NSRS 0 )2 36 85 AR B 50 i+ 1 2 558 T IR A
LIRS
AR 45 A0 B BT EVAR T LU B BB n 2
GFE TR A TR S AR )Z 0 R 5 8O3 5t
ES G E &)

 Mei(i11) €08 Oy — iy cos O,y

%57 [T R A == R* , 3-
BT R 50, P 5 BN S 2% 8 T AKX e g ey B S
M R 1 R o L H F % B n., ¢, =28.854 X
1+ R,
Tiin= 0 (3-b)

exp [ j&, . ydcos . ]+ R, yexp =ik, ndcos, ]

KA :y,= 77(())/«/ elw, i) HE i T2 W, 90 =
T o= a0 39 2128 WL 5 7.0 0 5 T8 F 1R 58 4
JE BN n )2 XY S5 R BT, 2 N

Nei(ir1) COS Ot jm ;) cos 0<l-+l>tan</e(l>dcos 0“))

Net(— M) ] ,
Nettr) €08 01y g1y €OS O, tan ( ki;d cos ﬁm)

(4)

AT LTS = A4 7= o
1 22 3 55 B TR 9 3 A
LR

n+1
77(1) COS (9(1, 1)
o | | LTI O (5)
=1 M- 1) €08 Oy

B RN

1707002-2



$£59%5 F17H/2022 F 9 A/ EBFFHE

2
o 7]6[(1) COS (9(0) - 7](0) COS (9(1>

Ner(1) €OS Oy T 7o) cOs Gy

BRI TE L

r

(6)

A=1—T—1, (7)
3 BUEBIS e

MR AT B AE WK 60~90 km, K AT B AE 18~
27 Ma B}, & AT J8 Bl 25 00 3 06 B IR B #F 10000 K
AL, ER WM E R AE 1.01325X10° Pa &£ 47,

RPN R MR R B, R T T
PR ik 107 ~ 10" m 7 3 F Zhou VA TAE
AR SCHE ST AN A TR B 2 R B S R 2 T
JE 1 3 AS [] %) bR B o A BB L AR5 (R B L
MM RN M SR FEE>MNBERES -
BYAE I A1k o A5 B R 2 2 8000 UM V1R o . i
(B HL 7 Bl 8 4% % £, = 0.1 ~ 0.5 THz, W {5 7%
BE R, =0.1 X 10"~ 1.0 X 10" m °, %5 ¥ )2 & 5
Hd=0.15 m. 58 FARE)Z 0SB o E 2
TR

F 1 AR R T A )R A A TR L SR R P R R AT A ) 3 A A R

Table 1 Distributions of different electron densites and collision frequences in plasma sheath
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Fig. 2 Different profiles of electron densites in plasma sheath
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Fig. 3 Transmittance of terahertz waves incident at different incident angles in plasma sheaths with different profiles.

(a) Gaussian profile; (b) parabolic profile; (¢) bi-exponential profile
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Fig. 4 Propagation characteristics of terahertz waves in plasma sheaths with different profiles. (a) Transmissivity; (b) amplitude
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Fig. 6 Effects of different external magnetic fields on transmissivity

of terahertz waves in inhomogeneous plasma sheath
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Fig. 7 Effects of different electron densities on transmissivity

of terahertz waves in inhomogeneous plasma sheath
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