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Abstract

The effects of bad weather on wireless communication are an objective existence of the universal
worldwide problems. Research on the electromagnetic wave propagation characteristics of particulate
matter under the condition of natural environment has a very important practical significance, such as
radio communication system design under sand environment, remote sensing monitoring and inversion
for dust, fog aerosol phenomenon and the research on radiation forcing effect of aerosol. There are a
large number of studies shown that: the motional particles (such as dust, rain, snow, fog, haze, etc.) are
charged under natural conditions, and it will produce an electrostatic field which will be reached up to
the highest intensity of 200kV/m. Some scholars have carried out a large number of theoretical
researches and analyzed how the electric charge on the particle surface affect the electromagnetic wave
propagation. But there is less discussion on the high intensity of the environment electric field effects
the particle optical properties. In view of this, this thesis takes common phenomenon of sandstorm in
northwest China as an example, under consideration charged sand and dust storms in the strong electric
field environment and other factors of the premise, the main research is based on the scattering process
of electromagnetic waves attenuation acted by partially charged sand particles, and discusses the
relevant scattering characteristics potentially apply in the sand physics research. The main work is as
follows:

Firstly, in view of the partial charged spherical sand of the incident electromagnetic wave
scattering and absorption problems, based on the polarization surface charge density and Rayleigh
scattering theory, we have derived the partial charged spherical sand of incident electromagnetic wave
on the scattering field, scattering cross section, absorption cross section and extinction cross section .At
the same time under the factors of different charge distribution angle, the surface charge density and
environmental field, we have compared sand in the form of the spatial distribution of the scattered field
based on the two models.

Secondly, under the environmental electric field, the particle differential scattering cross section,
particle scattering and absorption and extinction efficiency, radar reflection coefficient have been
deduced. We also give the discussion about the effects respectively from the particle surface charge
distribution angle, the surface charge density and the incident electromagnetic wave frequency. The
results showed that: with the increase of the particle charge distribution Angle and the surface charge
density, particle scattering efficiency respectively is changed as in sine function and exponential rule,
but its absorption efficiency basic remains unchanged. The effects of incident wave frequency on sand
electromagnetic scattering properties as follows: for the different surface charge density, with the
increases of the incident wave frequency, sand scattering efficiency increases exponentially, and its
absorption efficiency increases linearly. Then, in both two modes, we have analyzed and compared the
impacts of the concentration of sand in the sandstorm and the humidity on the electromagnetic wave

attenuation characteristic, and discussed the influence of sand particle size distribution on

I



electromagnetic wave propagation.

Finally, some discussion about the environmental electric field and the sand concentration for the
influence of microwave radar reflectivity are given. '
Keywords: wind and sand electrostatic field, partially charged sand particles, Rayleigh scattering,
scattering intensity, the differential scattering cross section, attenuation coefficient, particle size

distribution, the radar reflectivity
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Ao, BRRESACETESNELEBARYHNTNER, WHPE, £EPLEE
Beh, FHYABRER 1079cm™; HWRSE, HEDLRRSE, EDORFRRERANE
MIE: MEBRE, KSFHPORTFERERBIL 50om>, MEFEWLEREH, YIEF
[¥ERANTET 4.0um KR THIRE S EEIRER 93.7%. WARBIKRBEBR AR, K TFiH4 AN
W, TIBU/NETEI AR, BT X — E A E .

23 EAENG

FEFTHRIMBECAXRSLEHDL[SBRNOELYEER: WP TFAIMERERT
MU, HB2EEHR Na. Mg, Al. Siv K. Ca M Fe, HAtf#5%TE (W0 Niv Ti f#l Mn %)
FAXTED . HEMERK 6 MBRNEESfi: WENMG. BEIH. ERBFH6. RAS
. ESHG WRESHH, AEEEFHLRFBRRE RN BRI RN
Mt SR AT R FE A

Herv, o RInr 8ENETE, r ADHNER, a DR THER, a= ' AT
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F=F TSR BT 1 FROK 289 Rayleigh iE{L

HHIE, RISHBMBEREAZHRPAENLBENRUSHARETHHERNRZE,
024 BB R K S L8, —BBIHTESST. SER. DRSBEZTR, NS Sk
SRR NIX LN E R UA A BERRR R . WARX BRI AARNR ML ERAREZ WHIT
B EES . RBERMEBMN, FHibgte MR B EHIENBMERANH AR LR
AEX BHBAABRERHANEM. XTYOLRIMBEBIENE®E, HLREAFZYRYA
FRE¥DRL Z 0 RS 8O 5 St FE A BRm, B, X TR R s 8t 2
MBSERARY AR ARG MBE B BB R . EX R4 6/ hi fE BERUH 19 B
1TRAERT, % IZH Rayleigh IR AE R . Rayleigh iT{i7i%8 2 B Rayleigh T 1871 fE#£H,
EVIRBHTHRE - BRSAFNER. E, HER O ZH TR BN i s RS Rt
TRIE. X—HENEREME: EPRNA/NT 0.05 NS REKMFELT, LA RA
HEmFNENL, ABBENTERBYRATSEE, EMRETNDEST. EREDETFE
HESERSE, SETHEINFEEN Mie iR, Rayleigh IEUMERF IR ZEHNRA.

St F 4 /N kL e O B SR AR, 2005 4, ANAHBEERAMPISEEREHT
R BRI R R R A O TRAR B R T v . ATAKR: R B AR VR T e R
BEMEREAZEHBEGEE. aBEMNEM. SEEFEE TN, YRR aEEEREE,
LW HEEEAT R, REFHEMMMMMT, AMERAREIR/N, BREEHFBTEERM
BERALOES R/ LBNRHOFEN, RERRESTH AN NERASHER. mEXE
Ry e mfE e, ReMBLnf?

ATHRU LR, EXES, RIAESHBEEEDHNERARRABSE, REHETR
A IR BOR A BRI . RUCERE MR MEEE . FRE X Bt B8 By R Bl
HRITRERE.

3.1 BEARYIRER
3.1.1 RibERRIBER TR RERL R

EHEMARY: RYBaghmeE L, P8 agRERM T 200kv/m, BIHEREZERE
it 2500kv/m P ), FEMHIRROEF BIHER T, WHRRESZERER, HX/NTHR TR
BEGAHRE. WE 31 iR, 5 Zhou EAMRE, BYRLHENSFEREAT™, BEY
HERAR, ENEB e, HNAZHNNMEE Ae, . BTHERPREERN TRES
BHFRWER o, BHAHANG, . AHIHRENF(6,0). 0,0 i1 XFERLITRN
HEREE L. _

ERWHERFE AT, HTAIEHHELABNGTHTEVG=0, BERTFHRIEHH
FHd . ¢, RERFHWERNE =-Vg, ViV HFIARAIER T HIBEE T Laplace &
T. HEFEZAR, TR EHRERNTTH Legendre BERTA:

¢ = Za,,r"P,,(cos 0) @3-
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FRAETE LR B=H RIGERY RS F R A RAYLEIGH i3
- ___ ____________ _______ ]
¢, = (c,r" +d,r ")P,(cos) (3-2)

Rta,, c,, d, IERY, P,,(COSH) % Legendre ¥, n M5, (r,9,¢7)%uﬂ‘
RIER O AT R R ARSI IR AR R =N B AR R .
FEFRREAL W R, FICHER(18):
r=R: ¢ =¢2,€1%—80%=01Hw_%) 3-3)
r—>w:E=Ez=rE, cos§-0E,sinf (3-4)
AF gy ARRN RN BER, EARERTHENAT G, rv 6. o ARLIFRER,
REVWRREM BN, HEBFHIHXEX RS 2 $P4T, NRRE BH 2R
F(6,p), A Heaviside ®¥ H,,_, , R=N:

O
(6:9)=Hoa)=1, g5 0 (3-5)
> 0
z
]
_ r .
E Smn 3 E
%)% |
e —~ :’Y
|
|
X @

3.1 HFEPREBREAS TORER
%5 3CHR[1 81 T R AL A S R 35 53 A

o,R 3
=—1—H, o ————E,rrcosb 3-6
4 g, (6-6,) s +2 ns (3-6)
o,R? €,-2 E,R’ cosO
=——H —-Ercos@+—-——"¢ — 3-7
& re, W g +2 r G
KT W ER L3
3E,cosf o\R 3E,sin@
E=-V¢g=""__"pr-| 165,  +—2""1|0
! % £.+2 r [ re, O £, +2 ]
3 R (3-8)
o
= Ex+-1-6,,0
g+2 ¢ rg 0%
A, MURTRE, §, ) =dH,,,/d8, x=sinfcospr+cosfcospd—sinpp .
RABLIERE A
P=2¢E,

(3-9)

- -1
=% ; 3Eg,x+ (=, )olxs(,_ao)a

8r + 0
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|, AHRYRREORLEEEEERN:
o,=r P

=r [ £ 1 3E,¢, (cosOr —sin66) + & -1 a,Ré(e_go)B} (3-10)

£, +2 £y

g -1

=3E.,¢, cosd
£

r

AR, FRRERAER SHERGHHRERIEL. BEHERFHTRESAEB RGN
120v/m, 3575 A T, 220k 51 A T BN R E AR AL AT BT/ T I0R B SR (8 A
BR, RYEBEGBERERETREX, HEFENRLBTTRERRGRAERMAS, A
T £ 2. 2 ROMA RN BB B I8k O RS P A

3.1.2 T E/NRLTF B R ST Y Rayleigh 3E{A

FELE, SHEA f P BREWE z ARG, R RE x #rE, H RS
SEA:
E, =Ee**x (3-11)
He, xRANEXRE, RERABRZERErbo AN T XA
x =sinfcos@r +cosfcospfh -sinpp ; k= (Dm RAEZHRBEE (u, AR SR,
@ =2n f ANSHERIAEE). EXRXF, BITRATIE “in”: NGHIE, T “s”: 8
St g, T 17 WRAEE, TR 27 wRiSNEE, SMERERARESYRNESHS
PEERSY o FEI% 2 Rayleigh SEUMIRAET, T LZBR ST &0 T, HKybRiMHE M ST 54
5%, HRTURAREETERRBORATEG. Bt 3-11) RFTRFIWASZTHE
ﬁ:
E,=Ex (3-12)
HTHAERGHRMUAER, DEAFRREOEBHMAFER TS 1D KTEFEFNREHN
OH, 4y 2 SMEHBRUERATHERNRLEK o,  AEFRRESNATERN
o=0Hy 4)+0,.

ENFEAER T REH /AT SRR R RIARZMER:

r=R:¢,=¢2,sl%—ao%=s‘1Ha_a +0o, (3-13)
r r
ATHHEKTE, 20,=0,c080, RAFEBFZXH B RARANER=ERRUBEFTEE,
Heo, =3Ee, L,
£, +2
EFRBRENL R, THABRNASEHS A
R 3
¢1=%H(9—00) —mEBrCOSH (3-14)
o,R? &, -1 E,R cos@
¢2 = —’TI;;—H(H_QO) —E,r C050+;’T27— (3-15)

BT B AR X R 3 B AL AR R 2, R ok el TRk P 0 R 9 T 48 2 0L Y B A3 3R

-12-
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3¢, E, -0 o,.R
00 2x+l

E =-Vo¢ =
! g £, +2¢€, re,

8.6-6,0 (3-16)

ERARALIRAE S

= (& D35 L, ~0y) x+ Gl O\RE 5 4,0 (3-17)
r

£ +2
¥ 0 = cosOcospx +cosfsinpy —sinpz KA LR, #HTATFERA L BBRERN:
P= IOR I: j:” pr’sinfdrdfd¢
) (5, -1) (3L, - 0,) x4 oR(,-1)
=[] r*sin6 (5,+2) r % \ddodg  (18)
(cosBcos px +cosfsinpy —sin Oz)

_ (5, -1)(3E,5, - 0,) in’R3x -7R’0, (¢, -1)sin6,z

(e, +2)
TG T 50k LS 558 A :
exp(ikr) ik’
=7 -BO-P
s —ib' X ( 0 ¢¢)
4(5, 1) (E# ~0,) cos@cosp+0, (&, ~1)siné,siné |0 (3-19)
o(ikr) xR} || 3 £, +2
=expll
dregr | 4(s,—1)(3EsE,-0,) .
—— sin p@
3 £,+2
RESCRN81S H T, BATSAFBHEEREA:
87k‘R® | —1 7 e -1 .
o, =2_7£_:E_3 P (3g,E, - 0,) +gk4R60',2 A sin’ 6, (3-20)
PR
Rx2rx
o, =ke J‘J‘J' 47rR ica E, 0'21 321)
000 3E, l £ +2¢, |
AL 9 SE AT o
c,,=0,+0,
4 p6 _ 3" - (3-22)
SR e, 1f BeE, — ) + Lk Roo? sin? 6+ R K, 360Es o,|
272E2 |, +2 6 3E2 | £+2¢, |

32 BEMRSSHSH

FH P RATEF A A SCHER H OB HBRIEARM Zhou" 1% \H#ES H MESHRBRRIERS
B3t AR ST BB 3 3R S A AT I BRI LR T, HH B R B eI 1R T sV
FXEEHNBNANZEREE. HETPREANSHENT: AFEHE £ =94GHz, YH ¥z
R=40pm , HXMTEESNE, =2.634+0.734i, REBFFEo=-1uC/m?, \SHEHEH
BENEIEE, =50V/m, FEHEFRE E, =200kV/m , BRI G,=90° . FEE AL

-13-
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- ]

AR, (r—z) ARG T ORTE, (v-y) NRUIERT o AER.

RATEAW R T FHMAH TRREMRA TR, HEERNE 32 . WEFE &
b3, ER—YESHT, SWHAEEN, KA Rayleigh EiL T R%EBIAHA OHME
RAHALF @ FIA, % FRERBE 35 604 FR A8 45 SRk T /28 RS 35 1 PR B RO SR A
f, %H3 MRS, TRHHEROMERETE. Fit, FRHERE, RITHEDESEE%
FRFR SRR ) P 5 75 45 M35 R 78 4 o SSORL A 38 A

-5
L . . ‘ ] 10° : , ,
o 10'5_ ! i 5. 10—6 Fesosta,, eetvestotseseg, — _seveast
= B o o e e S T L il 8] 109 S T | S N ¥
2 1041 ¥ L8 g EawEEEI, ',.z..atv?.-tz.,' peEFEawes
£ S 102} i
1= 107 1 % 15 ) i
8’) o 10 °+ . —=—Thispaper Es(e) | .
= c 18 i This paper Es(¢) | |
o 10-17 ] '5 107+ \/ - -Zhouetal Es(e) ! ;
® ¢ This paper Es(6) 2 P Zhou etal. Ese) | ]
(/8; 20 This paper Es(g) | S 10°° ¢ i # i ]
107« znouetal Es(e) ! 1 D, 24 i
""" Zhou et al. Es(¢) 4 107+ ; 1
10-23 i N L L L 1027 . " L s L
0 3 60 90 120 150 180 0 60 120 180 240 300 360
Inclization angle (9=45°) Azimuth angle (6=60°)
(a) bhEFHLR @ =45° (b) #EA O =60°

This paper (In the direction of 6) Zhou et al.(In the direction of 8)

E x 10 - C10®
PN § .
&= %
w I ~
- 6\/\?‘&' umJ 4:\ |
° \ \ 3
[ '» B 4] )
=l K] 25
o P
= ANk o 24
= 2. \! £ ?
= 5 14 |
8o R oo
D80 © 180 .

150 D 450

120 120
] . 180 60 " <~ 180
nclizationangle 6° ¥ >~ 2 incizationangle 67 3 = g 2
ization ang| 00 Azimuth angle ¢/ 00 Azimuth angle ¢/
This paper (In the direction of ¢)

; x 107 Zhou et al.(In the direction of ¢)
x 10

Scattering field Es/(V/m)
Scattering field Es/(V/m)

e 3 . & )
1sg b g \ \\\ 0. e \\\\
\\\::S“""“ . = 180 s T \‘t‘\{;\'b'! \/\
. i;/;/>‘\1/a(7), 240 120 ;\\ i \> e “300
S~ 120 60 —<10 180

- 30 60 Y-
Inciizationangle 65 > 0 o Azimuth angle 67 ncizatonangle 6 *° 00 ®  Azimuth angle ¢

(o) B EFASE (0. @) BENRESHE (£: FXEE, A: Zhou D)
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Zhou et al.(In the direction of 6. ¢)

E £ x 10

S S

Uz 7]

w w

kel k=l

2 3 i

[} 2

£ o ®

S 180 3]

w (2]

£ 30\1// w—/‘g(m %0 — 420
Inclization angle 6/ 0o Azimuth angle ¢/ Inclization angle 6/ 00 % Azmuthangle¢r
(d) PRIBHEHABESHE (k: FXEE, A: Zhou #E)
3.2 FE RS REESRRASHIHERREE
This paper (In the direction of 6) Zhou et al.(In the direction of 8)

e x 10° V h x 10 V
& E 10804
w W 080
e B
‘g ;.“:’ 1.0888 . --
% 8 1.0884

8 ol S 10882,
v 18 o» 18

90 .-
60 -

Inclization angle 6/° »

.
80 Azimuth angle ¢/

This paper (In the direction of ¢)

N I
E E
S =
R 2]
w w
el
< o
& &
g g
= e
] . g
=
5 : 8
» w

180
1“’oAziml.lthangle or

(2) HEHEASE (0. ¢) BEMRENGE (X: AER, A: Zhou EE)

This paper (In the direction of 6. ¢) Zhou'et al (Inthe dirsction of 6, )

= 10
—~  x10° £ *
E 5 31.0395\
s >
< i
5 L
w 15~ el
) &
"Q:) 45l y -10 o
\ - £
Los. = L
s i =
z 6 8 1088 %
Ug;wo ; y P
/-/‘ﬁm 300
% 5 e M0 2 % 2 i
Incization angle BF 0™ ~g;  Ppzmuth angle ¢ Iclization angle 6 30 60 '®Azmuthangle ¢~

o 0

(b) BESHABERESHE (£: AXHE, A: Zhou BE)
E3.3 BESHAA 60" MESFREIRRESAERTEE
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This paper (In the direction of 6) Zhou et al.(In the direction of 6)

x 10 i -

N
o
9
k]

Scattering field Es/(V/m)

i

Scattering field Es/(V/m)

o

Scattering field Es/(V/m)
Scattering field Es/(V/m)

2o

-/—(/

“e0 1% Azimuthangle 6

hdizalionangleseol" 3°‘ 0%
(a) BEHFRAARSE (0. @) BENRESHE (£: AXER, A: Zhou EE)

This paper (In the direction of . ¢) Zhou et al.(In the dirfaction of 6. ¢)

x 10°
p

3

=i £ 1258

£ S

b -

S D 12575

w - )

o D 1.257

[} L=

o 2

2o £ 12565

c

Q =

= 8 1.256

8 B 18

w
e 240 o
120 pzimuth angle 6 Inclization angle 67 30

(b) BHSHIHBRERESHE (£: AXEE, AH: Zhou iRE)
E34 BESHAN 0 NEHGREINRASHIHLTER

This paper (In the direction of 6) - Zhou et al.(In the direction of 6)
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2
8
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08—

Scattering field Es/(V/m)
b
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oel & 8,888 - ”
02 .- 8886 -
0
8.884. -
180 180

o
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This paper (In the direction of ¢) Zhou et al(In the direction of ¢) -
e x 107 i
. 45
 x107 7 1o
£ T 5 K 4
; B 6 §
5 S .- s
5 | > =
we s w
=] o 3 -2
[}
=4 4 uq=" 2 125
i o 2}
= £ - .
52 " s B il
= X i AN B
© 4 > 8 4 S ¢ 15
(% 0 T i
Sola a0 - gy
180 Lyl 150 o 8 1
Lt 120 e i
120 g - 05
o0 L 180 —w0
o0~ L~ T~
Inclization angle 6/° 30 } A ~ 80 Azimuth angle ¢/° Inclization angle g/° 30 ;yg ) 120 pzimuth angle ¢/°

(a) HSTFBRRANE (0. ¢) BENREHHE (. RER, AH: Zhou HEE)

This paper (In the direction of 6. ¢) Zhou et al.(In the direction of 6. 6)

10°
—_
E 2. - _
=
S Eea
P REN P
w 7]
= S0 g
Q 14 ) 888
= 8 5}
2 ' ol
= 05 3\
) 3 £ sees
= (o)
© =
S 0.L 8 Le-
180 ~ 180
D s o 0
O 300 .
90 T 240 < S
B s ) % e g
Inclization angle 6/ 30 ‘u‘\x/' 60 Azimuth angle ¢/ Inclization angle 6/ 30 \0\(0/ 60 Azimuth angle ¢/°
0

(b) BHSHFBEREASHE (X: FXHE, AH: Zhou #E)
E3.5 BE2HAN 135° HEMEBEIRRESHRRTER
B 3.3~3.5 LS H TYRFEMERN, ETAXESKRELS Zhou et al KR, KRBT
REBSHREFAS BN RARNERLE, ©0=-1uC/m’, BEM RS HEEA 60 °.
90 °\ 135 °, HEMHESHEAE. REGRTELERETE: JPRHHE, ZERYBEY
FIRALAE IR, WE A 077 A LB SR ZE A AMEREVERR, FHIZS BB
SREMK. TIEE A @ A ENBSTHRZ R AMRERRE, BRI BNBSTRT
#T Zhou et al IRAKITHHER (W3 NER). BHBRET (EIUER, BIEEHIEHGHE
H: Zhouetal AR%Y, BIARBEIFFRGZIEM), MEBRFIMANYR, FRREBHGEEKR
NEEZAEEN, ERTIMAN0 HEEBKE. ATLUEH, FiEay (RYBEG) 3
YRGB AR R E.

. I x
x10° ja—— [} "

2y ; : 30°
7 Il s0° 18

I o0°
EE 140

Scattering field (V/m)
1

Scattering field (V/m)

xy

3.6 RESHMANBRERSNNMEHABMIN (£: KXHEE, &: Zhou #E)
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%
x 10° x 10

x 10° e T
avby 0 s o 2
4 x 10 . -
L pc/m? ER 1uc/m'
- 3 . £
T T -:~“'f' 08 P

1
9
8
7

6
5
4
3
2
1

Scattering field (V/m)

§ { { {

x107 x10°

x10° . | [ 50kV/m — x10° g 50kV/m 1.275
£ 2 Sz 100kV/m . Eome 100kV/m -
S - M 150kV/m S T 150kv/m [ 2T
S s C CEEILIE - 200kv/m it
3] 7 & T
3 ;

§ o s
360

B 3.8 FFERIG HEE RPN AOBEIFROKWE (£: FXWE, A: Zhou #E)

B 3.6 RRAVAH T BA2 7 AEERN 0°. 30°. 60°. 90°. 140°HT YDHi U 3R I 2 ] 4 i
B. BETR, X TFHEMRE, LafomAMAn, BunREHEZER, %6,=90° i,
Bt miE 2| K, HE (0°) <E,(30°) < E,(140°) < E,(60°) < E, (90°) «

B 3.7 FRAAH T HAEE FYRRERFHEE o 2 HBUE-1uC/m?. -4pC/m?, -7uC/m’
YRS SR TE M6, WE,=90°. HET N, XNFRHAEE, B HBREENEm,
BT 4 A1 X 45 A B 35 5 P e At 2 AN s

B 3.8 RRAVAH T HEMER TYRIRE B E, 4 FBUE 50kV/m. 100kV/m. 150kV/m.
200kV/m FHYRIEUH RN R S, 16, =90°R, HET R, EFANREY, HEKESEY
fshn, BATHREARKIMM. MH Zhou et Al MATAL RE ST B AE, HEH
BB, 8 Zhou et al A SR FHIZ T K.

3.4 KENG

FEFHRIEAETHELERRE T R EHER T HBDARENRLER, RE
FA Zhou F A% H HISRAR R ERH B/MRLT R REBUN R IAILI, #STROBEHERAT
JB R E/IVRL T R 35 B FUXT R R OB B . RO ARV OL R, SPEE BET R
R T A E/INVRLT B 55 R L R SRR B BE R T R 2 AR R L R . RERN:

1. SBYWRAHERT, B Rayleigh L1, TRRERBEBA O AERBEIT A @ A,
E RIS R KR A AT R HS R KT A5 RIS s sk A RS B BRGS0 B AE, O AU 3558 80 50 A
MEARZE., LHEE, BRRDHBGNERN, BEA 67 A KBS 5582 5 HH
BREVAEUR, FEZSBNOBMSFZBEEK. TIEETA @ 7RKBHN %R S
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BERZE, BRZNENBHFBERT Zhou et al M AT HLE R,

2. ERNMIRAT, Lo HANMARN, FAREHNHEENMEEZNREL, £
AR 90 CHIABBAE. HEHEHEEXN KM, X TR, LB
WRRT, BFSARIRKHS HRERRFEN K. ZEAEEHOEE, ETAOER, MH
HE G HHM, BEHBREANEM, Tl Zhou et al MBI FTAL R B R KL I E B BUAE,
HEstmmErE.
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FOE FTRIVERNBEEEEIERNTIE

HEMBORE R TN, TRPRFMOTR, mESSTF. SBRE SEANG B
BRI RERFE AR BN ER TR LR R, EF — 54 S8 R 0B R AT R L Ao
e, XFEERMET AGEBMENGEE. AETRIWETI—FETRINOER, THeHFRDLER
xR RS RN, RO TR AN EERF R,

41 —EXBRSERES
4.1.1 WHERIPNONS BSEE

5#Gt 58, FTAEMNEROHRMS B REKRM. FRX NS RN B
i, BUARALLAA R ES REE S8 B AU RO S BRI EKE, BRM
THERY BREESRERNAS S N TE-ELERONAT, ERARAEENNE, W: #
SEHEEEERAED LR, ZWNRABEFEEERFER; EHTEINES, TUEIHEE
BAAAREENNE, REELFERENITIHE, NABHEZIRANLER, HRUH BT
HZ= A ERMEZFRE . KW HRITEET Rayleigh TR HERINEBFHER ST ER
F 4 R A YR A BT B AT RIA

WE o, AVHHMS BHEE, HHEEXK:

o, =lim 5L @)

UEH, FERBUDRNMSBHEE, REGIVILESXBSTHRE, RASHERE
E,

XtF Rayleigh ST T B9&LS 3, EA XERP[18)A% [BIA5E 35 1E Aot Brf8 v i 2 i
BE:

2

&, —

-1
; cos@cosp+ —O%—) 7R*siné, (4-2)

0
2
L sing
2

BATEERAEBHHER, RBHHBRWEY 3-19) X, BEAATE:

8—
+| 47e R* |-
g +

r
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PlEF

R

2
p [3 nR’ (=, 1)(38‘)2 )cos0c0s¢+7r0'1R3(e -1)siné, sma] (#-3)
£+

sin ¢)

SN
(47z,)" E} v 4 e (&, -1)(36,E, - 0,) ..
3 £ +2

TRZEFERKHES].
412 HRDBRBHEE. REHERFTBYE

BB R MBI R S, EER T RN A i Bk AL 1 S0 R 03
VAR, TERRBUHERA T, BIEME RS DURHE S B KRR e, X —
AEREERR RSN A ST H R R,

MB=EHFHER, WHNEET o, SEEFEEC, SRERE o, 25, 8.

C,=0,,,10, 4-4)

—ARIER T, X TR R BRI, RITRAKEAE (B KR KRk,

B WRMMEHE NN RE S R ATREN L, TR

o o
Oui =

o o et (-5)
S zR?

BWRATUTBER 2R B LT (3-20~3-22) R#TFH— LA, (F183)BR A8 8=,
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43 EBNE
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MRS BUHEE: N TAERHSMA. HEMHEREN, ZRREH R g # sy hL
S BEEEAAENER: BEEDBREEAENRMS S BEORNIE R, SEHE
HHERAN, YRS BHEENZRSAELHE.

2. XAFHRESAA WHRZ. NFERR. SRR B RECRERG W, #e
PRI NGB R . TH 630 Bl O BT 40 A A 3 N3 B IESZ R SRR Ak, T H Rk
MBRFEAZR; WEHRDRIAFE OB NE. HAREEEDRRZAY KN SR Eum, xt
FACH S AR T8 B I BUREU 2R K T Zhou et al. -5 HIB R B8+ B 45 B X RIAE, 3 F B
RLARWURE, BEEWRRARNY NS &AM, hASCHSHERETE B K BRR KRR
Zhou et al HERF KRR FTBUT HERMBMEKR, HAANKEE: CHBEFEELRRAN, EEAH
BOREREM, YHBHNERZ 2RE04M, TERBKR B 248N NREETE
BETHEXMEES R RRBEOYEEAFRESE, EREEEEFRFRE, BEASEHE
B3N, A SCHE S FER TS 2 M BN B 2R/ F Zhou et al H#E B BRI BT AH B4 R XN
E: MTFEDERD, YHIRE. BEXNBREZRRAKNETA: LY R MEHAN, &
MEERBELERD, BEASEARNEE, ERMEATHELERZRTUEE: 4
f <20GHz B, BIAIHESHFBBFTTELE RITE KT Zhou et al FTHESEEMITHE, T
f>20GHz B, BHAICHEFOREFTHELER/NTFZhou et al FTHE SR MTHEM. XPH: X
PREIMART, FRRAEFHAEEMANEND: DPRSKEM AR, # b R0 BRI
LR,

3. M FYRBRAE TN BB AW BEEERAT R LA, REEHERNE
REEm. 55, ELETRAR LR BFHIMANRT, BTFHHIESLog-normal)s 7
P8 BB A RBBR K, ETWF (Rayleigh) AHHRFTBLERRAD, 5 (Uniform)A 755
X M (Normal) 53 i RTB L RAIE, KTHEY (Exponential) 474X, HEAFERLE
(Maxwell) ZAFR. N TFHWLREX BHBERIEOEREW: BEERLEMSM, ANfk
B AR LRI BB TR 2 BB S . SRR AT BRI R
RYHOEMME, SHPESX (Lognormal) HHFBLERRK, ¥4 (Uniform) 4745, 5%
(Exponential) 737+ %H (Rayleigh) 44 RKZ, ERHTH (Maxwell) 476845 R/
THI#E, MES (Normal) SHHRFALERRD. XELE RN T LSSER BRI ENHE
SEXWFR. YEREREAURDEAETHELERAFRELEEFEENERRSENL.

4. FRBE R 38 B RN B 1A R S SR ARG W & FE B e 35 P TR L B R R B A R S SR B
EXFEGBENNRMY A, FEEGT S EN IR RENE ARABE; BED LR
REEM, FERSERER D, BERAEBHERRNNOEERNERFALEFEE
e IR BX BIAE: BEEASTESRE MMM, FiERETREGMM, LEHRE g ERANTE
BN BERSERTFALEANERIGERFINANE, TR, EREEFHOERT, #apd
RN BXBEM RS EANE, AR ETXEL.
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FHE HZitRERE
51 FEHiR

EVLRAET, YRFENHBEARIENERHAEFREONHAEL . XFY LB
B EIR, RERBEHRHAENFEEAR. A, BNBEIEHAXRBRERTEDLE
g R B B3 XV L AT P AR AR AL R RT XY B BB AR S M I B IR RSO BT . AR AR,
BATEEH SRS (BIRSEEE) KBEMR, XIH B RRY NS R BH Rayleigh HUR TR
BT, FXTREH BERE IR B A I R AT T iR, FELRWT:

X FEDLERHET, HEBINEBIHIERN YRR /5B 5RENEL:

1. BT RUEBHEREMN Rayleigh SHAERNHTHEERERY, YR HET U ERBHE
SIHRE. MBS EE, HS5AWEAL, REEIAARELAE.

2. BRIRY B PIEARN, BIXNFRXFHESHOEY, HEHAH R ENESSE
MRS AR HENEL, S FZTE ENBSHBRESBRBET K. AT, XTELFM
£ o FE EMEHSRB RS AAERE AERRN, ERENT H KBS HRE S BT X
F Zhou ZEANEE (BIARERAEEGHIEAN) FEHNER. AT, FEEFHHRMLER
{518 ¥ BRRL P BRI AR A58 B 38 N AT 38 0 T ORI A ST A BRSTE A, I BAERIE B R ¥R
BatmES AR RA RERW.

3. EFFEET, MERTAMANEK, BNREBNGBEXNEEZAERL, £H
FAMAN 0 “FHABIRAME: HEEHEFEMARR, BiFSMAXBNBHGEE MFELER,
EXFRAERT, BETAXER, HEEFEAGHMN, BHHEEANMM, TWH Zhou BE
FRERERTRHHEGRMAE, HBHHREAE.

% BT 35 5 BRI BB AU . ERAER:

1. Sy RIAH R, B RIFSE 5 F 5 A% R 5E s 3/ F Y 00 B T 43 A AR AR
A, EEMIBHBEEEKTFAERFE B NE, FEBHRRERTLIERDR
M BSRE; NTACRMIMAA. HBHFER, LR R i 5 B0 bk
MM MSTREA WS NER; EEEEREENMMYRMABASEITNNK, %EHE
BIGERE, YRHSBHBREN TR HRLHEE.

2. FERHERT, YR B A RS R NRERE MR EE . LB B
fFAMAR, WHEHHARMBLAEZRENE, BRARBEEELARFAE. BELHEN
Hit®a A ERFHfHAMLT 50° ~130° TEAN, BAECGESRAABHBNESBRNT
Zhou ZAKB TR EERHNNAE, TMEKTEZIRERWEITFRR. A5, HBHIAH
AR, BRARBCRRAZE, BHEEESHEETENBRNRECEAEEMN (W6t
HER).

3. MEBFHEERAN, WHESHNRBEZ N, EEXBREMEEARFAR. BHE
HEERTUEH: Ko>-09uC/m* &, HAIHSHIERETTH KBRS B /DT Zhou et
Al T SAER T 4 RN RAME; T o <-09uC/m’ i, FZAICH S HERETIHE BN #L
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SBEKXT Zhou et al FTHEFMB M E LR NEE. B, HEBEHEEZAN, BHE
XHEFHOBRE BB AREEEZLEE, MY 6 MER. BNAREEHAEET,
INSTBSRRM KR, WA RREZ 2R5Mm, mRREERELMEMM. BREBIFE
B35 1R R B TH TR B RN T AL R R B i Fid NAE. ZEAFMET, mBEHEEY
AL R BRI A\ ST R AR BUR R, (B2 i A S SRR BT E B BUS B RIE K
F Zhou et al FTHESFEBMTHLER.

4. FHRYLBMNEBENERABERGBLEERURER, SEEHEE. PR, #H
t. WHEKBEERXR. HTAHBME, LSYLRELEHMAN, GREFRENZ &4
B, FEEANFEREORUT, AXBEYUFTNLER S5Zhou et a METFRL R K DERRAE
BEZML, RERIA: 3 f <20GHz B, BARHEFIERFTIHHEL RIEZ KT Zhou et al A
HEFRUKTRE, W f > 20GHz B, BARXESFOERFTHELE R/ TFZhou et al FrE S
Rt EE. XiEWE: 4, f HBRN, £ SEHOERANES. JPRSKEMAN, Hay
b Fx) BB O R R M5

Xt T ¥ R R R4 A0 % B Rk AR $E I R B -

1. TR AN HRAFEFEENE W, BSHRAMEHFEL X,

2. EREFHHRLEEETIMANRIRT, BETXHBIES(Log-normal)s> 7 B8 BRI
HHERBRBAK, ETHA (Rayleigh) SHHRNFTBLERB/N, 951(Uniform)s i 54 B (Normal)
SHAHAMBERMIE, KTFHEE (Exponential) A4HHR, HEATEELHH (Maxwell) 4
A ULLEREH: DERPBHYRRA AN EENBHEFRERAEEEEEN
o, BREESRREEHEENARREHEELSR.

3. MTRMERT, BEERLERN, ARAESHRRNYD DRI RN 2155
RIGEHTN. RPNRRH AT EREFRARNIEATS, MMES (Log-normal) 4
WHBERBEKR, $#5 (Uniform) 44, 8% (Exponential) 47F. B (Rayleigh) #7i%E
K2, RFEHFH (Maxwel) SAFBERE/NTHE, WES (Normal) HHHRFTELERR
N

BB YERPPDLFROKNBIAHANANEREOFEREFAGEFEENY
W, ARFZET (WAEHEGEE. BRKES) ETRRE0HMRETBASN BREERNM
NE2RARFERENES.

XF TR e 3 o B 2R 1A R ST R AR

1. RIS 354k A B3t B2 A R R B A R 5T SR Bl FF 8 R 3 R E O SR T Y K, 4 R
RLANH o DL R R BB R IR R I e,  Bri8 B R B0R /S MBSt BRI E N 1.1316x
1077, TOABURH B BB R IR R B, TSR B M B R AT A T R R
RN WE, FEEHTUEEMNER RSN ABNEE. REDLRELENYN,
ERGT RGN, % B35 E B HT 0 LA B A R 5T 3K T A% BB e 35 1E F B B vt
M. BEASBEHENEM, FERSRESMM, XEAEBIFERNFTBINEERSTE
RFAZEHAEEGIEMAM X RNE. TR, EREEFOEAT, HEPLENEERENKR
SHERMER, FRETARREIR.
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