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Fig. 1. Relationship between extinction efficiency factor and

frequency.
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Fig. 2. Relationship between efficiency factor and sand dia-
meter (1 THz).
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Fig. 3. Relationship between efficiency factor and sand moisture content (1 THz).
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Table 1.  Size distribution parameters of sand
particles.
Sand source my o
Loess -3.08 0.491
Maowusu -2.96 0.380
Tengger -2.31 0.296
Taklimakan —2.26 0.276
Gansu -2.19 0.279
Coast -1.83 0.166
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Fig. 4. Relationship of THz wave attenuation caused by six dry sand and dust storms to frequency: (a) w vs. f; (b) g vs. f; (¢) u vs. f;

(d) A vs. f.
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Fig. 5. Relationship between THz wave attenuation and water content of loess sand and dust storms: (a) w vs. p; (b) g vs. p; (c) u

vs. p; (d) A vs. p.

1.0
0.9
0.8
3 0.7 S
0.6
e — 1 THz - 5 THz
0.5 051 o ---2 THz —— 8 THz
o -~ 3 THz
0.4 0.4 v L L L L L
0 0 5 10 15 20 25 30
/%
16
~ T
‘ :
4] :
Y z
~
<C

p/%

K6 iR TP BT OB ZE B I RIS SR E I IER (a) wvs. p; (b) gvs. p; () wvs. p; (d) Avs. p
Fig. 6. Relationship between THz wave attenuation and water content of coastal sand and dust storms: (a) w vs. p; (b) g vs. p;

(c) u vs. p; (d) A vs. p.

064101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 6 (2021)

064101

4.2 TRESHERNXR

TERENLEE Vi, = 1 km BYZRMFT, 0 1—10 THz
T R RO 2% W %, SRS 2R ik, 1A
BREKEARFEE (5%, 10%, 20%, 30%), PifHiE
UBSVP RBXT R B CS i | R SR
R NE 7 FE 8 FR, b T 5T AHILE, ik
R EE P 2T T8 (0%) M52

M 7(a) FE 8(a) AT LAFE ), IBIPEIS T4
T 1) 2 IR AR 3 K S R AR, Y
NFTUBES VDA 2 0 ) R, TR ES Vb4
T PTGV SR AR AR S (R A A 45 28, i1
VBV R B TH OGRS R UM E I 25 3, v
KR R, SRR N, TRV FH .

FE 7(d) R 8(d) FBH: AN [R5 7K s R Ah i
VDAL VD 24 2 X6 TR0 2% 3 1 e ik 23 0 e ot A1 23 34
RSEHE KNI BRIk, Bl 7K B3 K, S Dl Y
BB AT T ) #S 8l; BEAh, B0 LI, AR
KT 5 THz i, 20% F1 30% AW &5 26 L #5450
2 ULRR VD 2R BT R KR 25 0% (> 5 THz)
IR 5 K ) i — 2D B R AR Rk 2%

1.0

RAA‘K
(a) — 0%
0.9}
0.8
3 & \~\

0.7 _ ------------------------

0.6 e,

0.5 :

2 4 6 8 10

f/THz

p/km =1

2 4 6 8 10
f/THz

Pl 7 ASIAD Ko 0 8 v A 8 0 R 22 0 Y 0 R Y S R

> 0.65

5 & @

Vb R m VR RUBE 5 I 24 5 R I 4%
i, L, U020 8 R AN R 24 % A R 77 A
AR IR FEMA. AR S35 ] R AR RUBE 93 A1 AN [R] 1 75
RS W V2R 2% N Mie U5 #Ei8 A1 Monte
Carlo J7&, 38T TR ZXF 110 THz #5B: Kbk
25D, SRR R R RS VD B T
6 ZR HORI 30 ok 58 A0 5 RN 15 7K 1 AR AU AN 58 42—
B, VABAAE VD2 X ok U B U R B R AR
o 2 PR A B 3, F Monte Carlo 7
VIR %) 22 O S D803 b T ' R 0O R S R
VD 2B TR AR %% 5 1) A% 0 SeE Dol

W EUEITR, 5 TSR T BSR4 22X
K& IS TR SR C R, 451
R, & T VB HUR R RORARR &, oL 2
BOE R TS 76 1—2 THz BB, S8R BE Kbk
ZZ WA RIS, MITE 4.2 10 THz R
B, 3 ok 28 Bl A bk 2% T 2 1 14 0 A 92 18 b )
VAN % N A NE 7 3 A% ST ANG 5383 7 T N [ = 5 9
BRI B L AN, VRS i R R R

0.90
0.85
0.80
0.75
0.70

0.60 | :
055 F
0.50 |,
0.45
0.40

A/(dB-km~1)

f/THz

(a) wvs. f; (b) g vs. fi (c) u vs. f: (d) Avs. f
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Abstract

The research on space transmission characteristics of terahertz wave is of great significance for the
application of terahertz wave in space. In order to study the transmission characteristics of terahertz wave in
sand and dust storm weather, according to the lognormal distribution of dust particle sizes, Mie scattering
theory and Monte Carlo method are used to analyze the attenuation characteristics of six dry sand modes of
sand and dust storm in different regions of China in a frequency band of 1-10 THz, and the relationship of the
extinction parameters and attenuation rate to the frequency is given. The results show that with the increase of
frequency, the attenuation rate of 1-10 THz terahertz wave first increases and then decreases. Different mode of
sand and dust storm leads to different frequency range of strong attenuation of terahertz wave. In order to
analyze the influence of sand dust particle moisture content on terahertz wave propagation attenuation, the
relationship of three efficiency factors to water content of sand dust particles with different sizes is calculated.
The results show that the influence of water content on extinction is different from that of the particle size.
Monte Carlo method is used to calculate the attenuation of terahertz wave by sand and dust storm in two kinds
of wet sand modes, and the relationship of the attenuation rate and water content to the frequency is given, the
results are compared with those from the dry sand mode, showing that the albedo of wet sand mode is
obviously lower than that of dry sand mode with the same size distribution. The absorption of wet sand
particles increases with water content increasing. The extinction of wet sand and dust storm results from
scattering and absorption. With the increase of water content in sand particles, the frequency band with strong
attenuation of terahertz wave by wet sand and dust storm moves toward low frequency. When the water
content is less than 5%, the attenuation rate of terahertz wave increases significantly with the increase of water
content. Sand and dust storms with higher humidity have a greater influence on the transmission attenuation of

terahertz wave.

Keywords: terahertz wave, sand and dust storm, Monte Carlo, attenuation rate
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