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Anisotropic Radiation Characteristics of Electric Dipole
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ABSTRACT: Objective To study radiation property and radiation law of electromagnetic sources in homogeneous anisotropic
medium. Methods Based on the direction multi length standard theory of EM waves, the non-homogeneous differential equation
of scalar potential was established. By solving this equation, explicit exact representations of scalar potential and magnetic vec-
tor potential were developed respectively; and their validity were demonstrated through comparing them with the available lite-
ratures. Results The radiating field of an electric dipole was acquired in the presence of anisotropic medium, and this obtained
radiating field was in agreement with that in the available reference as the material being the isotropic one. The radiation cha-
racteristics of the electric dipole were simulated and analyzed physically. Conclusion In the anisotropic medium, the radiation of
an electric dipole has the anisotropic property. When radiation is observed in one direction, the larger the dielectric constant in
the direction vertical to the observing direction is, the more intensified the radiation is. It provides a theoretical basis for engi-
neering optimization design of radar and antenna in anisotropic media such as magnetized plasma.

KEY WORDS: electromagnetic radiation; electric dipole; scales theory.

BEF TR T AW, S m i b ARG 2 [ A b K B 2 A DG T, 15
WA RS TR . AL A RSFBOREZ At X P i IR AT R A RO E B X — 3

KRB 2017-04-19; fEITHHI: 2017-05-15
E4TH: BRARAFALFTHRA (60971079); B EXFT /T AR ZELTHRA (16]JK1185)
1EER N T (1986—), %, ME, ZTEHRF @ Ah LRLEES 3,



B4t HTH

AN WA T R4S 1] S AR SRR 19 -

KRGO T G A 5 R BT 2
M HLAEAS ) S B HAR RN . B iR R S A
HE LN AT X — RS, N.P. Zhuck £ /Y
Y 25 ()45 B ST T A AR RO AR MR e, 4% ) S TR
I RAS PR R A, R TRz T
WS B T 7R, 70 R4 ) SR/ i ) 2 TRk
AT R ff 3t PR =X A A R R B T T 3R T AR A
FEP, R, BRI 0 SR T BA (5 A
Y P B XL ) S P A T DA i ) A% 1) S PR A T R
(kS AR BRI R L B T A i R SRR 1, BT E R
LR v IR P N A R S d g R R A A R
G5 BREET M T A28 B XN R . — e
R ELIPTN ZKJETEA R B I ) AT AN [R) A {47 12
UL, BEUESE ] DK 450 45 [a] S A AR 3 o 2450 1
A FEEA T, LA T HAREEIE , MRk R A (AR
SRR, 7RG X — 22K BEAR R 5 B9 4% 1) S
AT, WhZIAIE ST L 37 B 1) 22K b o AL 4t S L
R LASCHER[10] 0 H6m, Y 25 TIRER A2 AR /)N
TS RGBT, A3 T 46 B TRER N Ah
ARG FeA A BT R 2K AR AR
W, 7TV L RS AN R R, — 4% )
Y514 RN AN B RG4S ) T PRGN gE Y, gk
MAATIRAS T 45045 ) S TR A B o B R, I
T D5 E S R, A% SRR T R Y
TR . E AR B H H R ) e 5 32 30 [ P A 2 1Y
A 3h S o

SCHUITIE Y N 252 SCRR[10— 14770 4% i) S 4 Hy
WL R e 5 kA, FZEoTmkAT LR LA 3R
T AR SN PAY dAlembert F 2 ; 32 T %10
S B K AE 2% s B G ) 2K T bR
FHIERE A% 1) S M T B R S5 IR D Bl FR E A SR A5
Tia) [R) PR A I 2 ] B 3B S50 3 7 2 5 R4S T 4% ) S
A % R A A A B R B MR B aRIA L B
SCEE LG B R R TR A & BT LA, RhE
AREMEER, REXW A EEHKRN
e=co(en1e1e1tenerertesseses), HH e(i=1,2,3) 1 RI/K
AB AR 2 H BB R

1 FEFEHHNTRPRLEENS

11 BEBRENRAREROKRETE

TE— AR TR 22 Hf, JOREE 20 4% ) S o 9 He
1 2 B0 SR R e At g 2 — D W BREER ol Ay
FL K T AR R N -

&n € €

E=86)| € €n €n

3 €y &y

A RE R R AT LSS A b 3B =N Rp ik 2% B A
SRR A1, Aos As, IEEEZANRPIE R AR
MR A BB R i o DT (RS DL, PR — T B AR AR R
HEAIRFR . FEERRRSD, BN
A
£€=¢ 4

4

F AR AR ZR T H R A — AR AR AR P G
AR AR O B DL, I i U W98 £ AR AR &R v
MESEHA TR T I ERTE, U5 A, 4, 45
LKmH A1—E1, Aa—en, A3 B F AR AR L
SRR -

£=¢&,8,

H=HH,

8, = &116€ T E,6,6, + 6,38

I o T LR DR R LR 7 BT R R By T R, B
(LSF

oD

VxH=J+—
ot

OB

VxE = (1)

V-B=0

V-D=p

3R 7 AR R ST A ) S M A BT AR O 3 Y AR
. HFV-B=0, Lk, W4

B=VxA )

K. A FRRR RN, —RE LT 225 [0 A&
AR (] Y R A H2X (2) ARAS (1) 1938 50T s

E-vp-2 ©)

T2 (3) BRI RW R RS 5,
DA% ] S A A 2, BA AR M, o o FR
Hbra s ER. X (2) L (3) LR
HBABREHLRRARL (1) W5 —A15.

0A P

V-|:£r (V(ZH_EH ——8—0 4)

Hrf e=¢i1e1e1tenerestenseses, FRNIFRIEAM
FEXT AL R R, 2 (4) SAbnid AR AR &
IR, Kfg TR, i EREwA A
T RE e, (POLHUE WA he, AR (4)
AT OTRE, HER A B EUERE, whol DL
fai A A R TS a], il T 22 v 5 O AR AN 45
TRER AW, WA SRR ERNRE, &
255 T I HR T4 1] AP A 0T 2 o] A R 2 22 B IE
TR fa] Ak s B DR 5 B2 07 AR T, JF HA W W iy
PR SC, AHZ RO ANTE N 45 ) S M B s (] . 7E4%
] SRS B s (], Ot SR RS 5 At A O R A 20
R GG TE AN ARG T A R



« 20 -

2017 4 7 H

23 [ B A ZZAE . L, 4R DUR 45 1) S A Bl s
A RETEL ), AR

H, (5121 +é5 +5323)8_(p
3¢’ ot

I P 2 8] F R I A 4 A AT

V~(er~A)=— (®)]

1
Eokly
o FUFH A 1a] R PR BT A LG 250
e=¢6,¢, (ee +e,e, +ese,)
H=HH,
I (5) R

Hrc=

0
VA :/'lrgrluogoa_f (6)

3 (6) R [EVES B2 W s e 22 e, E
FMW TR 4% 1) St B LS (5) AL
P, FUHISE (5) Rl (4) TR
Pp, Pp ml(Eteate)dy  p

P 3¢’ o

APy

&y
)
WM IR (7) 5 P2 0 9 2 6
w0, 00 B0 L0 Py
oy c” o &
i T S A1 T B3 B 7 2 . R Fh 6 R ek
3 (5) AR SE 7 B A6 R 021558

1.2 IRERMXEEHNMIERE

e (7)) A1 [ P9 5 b AR 57 U e T
PEATLCRE, AMERBL, SR (7) AIRIMETE T 23 )

SERCATI ) R AL e BOATAE S AU, WTBIATT R E
ZhRERRR 2, SHRIERREN:

X y z
51 = 552 = 753 = (8)
Ve Vén VEs
TR (7)) BN
g N o’p . D o M (5121 +&5, +‘9323) Pp_ p ©)
o0& o 69“‘32 3c? o’ &

MERER R (9) A bR N A o A R TE
FAFRRPA A, I T RPN, Pk, &
BRI F R €Y, o AR, HSCHR[10—11]7] 145 .

1
,0'(6&1552,53):(511522533)5/7()5:%2) (10)
{?:¢ (11)

&y =&
¥ (10) o (11) FRASK (9) , 153

2 2 2 [
00, 00,00 = P (12)
%, O O & (511522533 )E
Kif k:Q\/ﬂr(glzl +3‘9222+‘9323) )

c

PR AR A XA Sommerfeld 485 5514, w4505
] Z AR AR AL bR R s B AR A -
1 J'p'(f')eiijl
€o (511522533 )% o AR
FIR 7 K B Z R AL 3R R AR AR R S
AR O R TS AR B R P AR A R A

p'(&)=

a (13)

c 3

L &

1
el (efirenred)((e-x) (=0 (=)}
’ &n €33

1 J-,o(r’)e

(p(r): 1

d' (14)

s (enemen ) [(x—x'f R NE) ]5

61 1 622

633

A (5) R sotl =45 07 & nl 19 % f i oz 2 ik 3K

@
2, L2 2 \ 3
H, (511 téxn +533) J-e

A(r):

Lo [H (“"lzw +85+8% ){(X*X')Z *(yfy')z +(zfz')2 T

én &

én €n

FH UL AT DA, RO S 2O A i 34 A AR 5 A
TR, R BE RN DTk . BRI AN, i Y
K/NIE B FAIXS 58, OB 8 BT R R %R
B MR 1 A B 25 R R, N AL 4 )
() P X8 50 A o v 2R et AN R o LT P AT ik X
M e=e(i=1,2,3), AR R4 1) [RPE A BT, R
fRAR (14), (15) W15,

1
121, (&85 )2 ¢ ((x_x,)z " (y=») + (=2

15
1 p(r ') efja)‘[‘uosmul,sr ((xfx')z+(y7y')z Jr(zfz')Z )2( )
o(r)= I —dv'

_4 ' T
e E, v ((x_x,)Z +(y_y,)2 +(Z—Z')2)2
A(r) = Koty ewﬁ@ﬁ@ﬂﬂw%%ﬁﬁ
(r)= 4 1
' 2

=x + =y ) + (=2

J(r')dv'




B4k BHTH AN WA T R4S 1] S AR SRR <21 -

B, PIRGCR I R#SES R FEE AR Y, BN

0 W25 T % T A3 VR B o 98 O 8 1 52 4 — VA 6

#, W TR (14), (15) BIEMPE. Lol

13 HERTESE E=-je! N a7
BT 7 oL 1 S PE 4% 0 A o o sk (15) T at s Sk

VISR A RS o, UL, i S 7 L

T DAAE H VA I O 55 b, T R A B34 P R A(r) == [ =i () (18)

iy

i=1,23m= k= =
c 3

1
= 2
12ne, (&8585 )2 ¢

AR (17), RSN -
H:—jkmj-e’jkk {[(y—y')]z—(z—z')Jy] [(z—z’)JX—(x—x')Jz} [(x—x’)Jy—(y—y')Jx]es}dv' a9)

1
plai+eira) o Jﬂ(> . (<x_x->2+<y_y->2+(z_z-)2Jz

2 e + e, +
Hott, 3 R Eéy &€y E1én

WTﬁﬁﬂm,%ﬁ<w>ﬁﬁﬂﬁmﬁ§,#%@m%mﬁ%ﬁﬁm@@m%,aymm@e%=y,
ﬁ{ﬁﬁljﬁ (90, (00), Jrl'J:

1
7jk7.[sinz Hcos? $. sin? Gsin’ ¢ cos’ 6’]2

. &y &n &3
— jkm e
H = .
Uopt, [ sin*@cos® ¢ sin® @sin® ¢ cos® O
r + +
&y &n &3

[sianinqﬁcos 6, ~cosGsinb, sin¢0] (sin Hcos¢f+cosﬁcos¢é—sin¢¢3)+
(20)
&3¢y

[cos &sin 6, cos 4, —SinHCOS¢COSHO](Singsin¢f+cosﬁsin¢é+005¢‘/3)+ p'
336

[sin 6 cos g sin 6, sin ¢, — sin Gsin $sin 6, cos ¢, | 0% — sin

v (oos 7 —sin )

X (20) SKBERE, IHMRAR (17) WiSHY, fE&m RPN, AR R R i Rk o5
MR A% T AT, BRSO Aebn 2R S ELVR z Sl B A s A p. 4R ETREY, R 0=0, X (20) fRifE R

H- i .{(g“_822)sm295m2¢f+—(5“_SZZ)szesinzqﬁé—smg(sw¢+—°°SZ¢J¢3}
[sinz Ocos’ ¢ sin’Osin g cos® HJ; 26,8, 4ey,6), En &n
k + +

&n €xn &3

€2y

1

.2 . . =

/.kr[sm“ 0cos’ ¢ ) sin” @sin” ¢ . cos’ 6]2
€n &n €33

—k’m p.e

- i
& . . . 5
Hoktr &3 sin” @cos’ ¢ sin’ fsin’ ¢ cos® 6 |2
r + +
6'11 522 533

A (17) 745



- 22 - RE W TR 2017 4E 7 A

. 2 . ) . =2 2 _ 2
A el{smﬁcosﬁcos ¢+smﬁcosl9$1n ¢_sm00050}[sm ¢+cos ¢]+(811 822) sin26’si1122¢+]

7sin 2 2
& €xn &33 Exn & 8160

VN 2 2 2 f i -2 .2 2 _ 2
_Jf H{Smﬁ(ws 0 cos ¢-|—COS Osin ¢+s1n 9](8111 ¢+COS ¢J—(g“ 822) cosHsinZHsinz2¢+]

&y &y 5] &3 &n &y 8¢/, (22)
A(gn_gzz)z . .
1) -——sin4¢sin 20
8811622
3 (21), (22) J&4% ) SRS ot b AL A AR 1 1 4 A (23) H3CHR[16]3H5 8945 1a] [R] P4 o v e A
Y. A BNEEFEENT, Mey=6,=6,=¢, MRS e e —B, R TER (21), (22) AR,
X (21), (22) &H: PE— L RIE TR RS AR AL (14), (15) BYIE
=2 ndp Wik, WSHEVIOT 0 S = Re(E <) . ¢
4mvr : ¢ r
V= S, Al 2H 4 =N
o 2 p;e,j%r o o 3 (21), (22) ARAATFAR A
4ng, eV r
(23)
:k;m2 p;:jz 1 : ‘{[Sinza[coszﬁcosz¢+coszHsin2¢+sinz€j
Wl (sin® Goos” § . sin® Osin® ¢ N cos’ 6 |? “i ‘2 =
' &y 35 &3 (29

) 2 2 _ 2 -2 2 — 3
(S‘n g, s ¢J il =ez) (S’n g, s ﬂoosesinzasinz2¢]+[Msin229sm4¢smz¢]}
35 &y 8&)165 &n &y 32ej6y

Horbom, kB RAARFGAR I (19), DLILRIK i)

S AT ), L 250 o 5 O 10 ke, o o —
HARX A HL W HCH 6,=9.9¢1e,+5.1e2e,+4.6e3e3. (24 ) o /V\
GRS A 05 2045 AN 14 T, T T H i o
11, SRR K R o [ A R A LA B ]
IR % o M0 HOME] 0.57 T, GEEER S0 -
W AT (057, 0), 5 HL T £ A 7N
TR A AR 5.0 IR T (0.5x, .
0.5m), L5 {E B T2 B 7 1A HOHTR A A ECH 9.9, r. -
A5 R A B 26t A A 7 1 6 A oL 3 5 030 100 150300250 300 330 400
FUAT IR RO, L 1 W, 6 2% 1 SbE A o .
O A ELA 25 0 SRS LR, 7 S

0.07 e

0.06

0.05

N50.04

=0.03]

0.02]
0.01
0f
-0.01
0

80 120 160 200
6/(°) :

40

; sy
1 REVCRIEH O 197 A M3 e



B4t HTH

AN WA T R4S 1] S AR SRR <23

K4 BEREENE e, oML

Boe—TJr WL, 51277 [ 3 EL 5 1) (9 4 WL R AR
R, GRBHGER, RZINMR . B2 AR BEA I o B8
b, IR LR S 1 AR 3 R, fE
FLA AR 107 ) b A B R ROBOR, AR T AR AR
4 A LU RGK R AR AR ST BRI, FTRIE B
BN HE RGO, AR m AR, S 1 HAARE
S AR o 2% 1 Sk A T P L AR 1 A 119 45 17
PhARFE S U AT 4% i) SR A o H A A9 IR 0 5 e B BT
AL T IS

2 45k

TR 0 5 K B 2 AR MRS, AFOY T 45 1)
SEPEA T B G E R S IR R T A 1 A
JE B IS 2L TS, SR T H A 1 Sk A
d'Alembert 72, DA IEREIRAS T 45 1a] S0 o
BHE 7 IR 43k ik X, 545 m IRl A o 23 o] i 43R
PIT R, BE T RR e YE . DL AL T
S, Ko 4% 1) SR A 5 R A R S R R S R R AT T
B 500T, 45 1T 45 ) SR o P R A TR B S
Tk o B A R PEA RS, Frfsgh R S
kG Rt a—3, R TERNIERYE . SOh S
SR NS A RN | S T IRP N EL . R
2R A5 T AR LA K45 i SR KRR | 45 ) S A o
W F RN 25 1) S A A 0 5 40 S A o 0L T BRI
REFA SRR

ST -

[1] ZHUCK N P, OMAR A S. Radiation and Low-Frequency
Scattering of EM Waves in a General Anisotropic Homo-

[4]

[5]

[15]

[16]

geneous Medium[J]. IEEE Transactions on Antennas and
Propagation, 1999, 47(8): 1864—1873.

TAI C T. Dyadic Green’s Function in Electromagnetic
Theory[M]. 2nd Edition. New York: IEEE Press, 1994.
WEIGLHOFER W S. Analytic Methods and Free-space
Dyadic Green’s Function[J]. Radio Science, 1993, 28(5):
847—857.

PRZEZDZIECKI S, LAPRUS W. On the Representation
of Electromagnetic Fields in Gyrotropic Media in Terms
of Scalar Potential[J]. J Math Phys, 1982, 23(9):
1708—1712.

KAKLAMANI D I, UZUNOGLU N K. Radiation of
Dipole in an Infinite Triaxial Anisotropic Medium[J].
Electromagn, 1992, 12(3): 231—245.

LAKHTAKIA A, WEIGLHOFER W S. Source-region
Electromagnetic Field in an Affinely Transformable
AUBM{[J]. International Journal of Infrared Millimeter
Waves, 1998, 19(1): 95—106.

OLYSLAGER F, LINDELL I V. Closed form Dreen’s
Dyadic for a Class of Bi-anisotropic Media with Axial
bi-anisotropy[J]. IEEE Transactions on Antennas &
Propagation, 1998, 46(12): 1888—1890.

ZHUCK N P, OMAR A S. EM Wave Excitation and
Propagation in a Generally Anisotropic Homogeneous
Medium[J]. IEEE Antennas and Propagation Soc Int
Symp, Newport Beach, 1995, CA, 1(1): 756—759.

2B A 0] SRS B B R — 2 K AR YR
U] ¥t 5 B T4 3F B . 2015, 52(1): 062601-
1-062601-5.

LI'Y L, HUANG J Y. The Scales Transformation of Elec-
tromagnetic Theory and Its Application[J]. Chinese Phys-
ics, 2005, 14(4): 646—651.

LIYL, WANG M J, DONG Q F. Investigation of Electric
Fields Inside and Outside a Magnetized Cold Plasma
Sphere[J]. Chinese Physics B, 2010, 19(11): 115204-1-4.
LI Y L, WANG M J. Electric Fields Inside and Outside an
Anisotropic Dielectric Sphere[J], Chinese Physics B,
2009, 18(6): 2420—2425.

LI Y L, LI J, DONG Q. F, et al. Internal and External
Electric Fields for An Anisotropic Dielectric Particle in
Electromagnetic Beams[J]. IEEE Transaction on Antennas
and Propagation, 2013, 61(9): 4754—4758.

LI YL, LI J, DONG Q. F, et al. Investigation of Scatter-
ing for Uniformly Anisotropic Sphere[J]. Acta Optica Si-
nica, 2012, 32(4): 0429002-1.

PREAE. v BN SRR M. Jeat: B
fitt, 2012.

WILLIAM H. HAYT. J, John A B. Engineering Electro-
magnetics[M]. New York: Mc Graw Hill, 2010.



