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HBN
V xH, = jos,E, (229)
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P :sing, BEARELBHR T ROROA S B H RA S A TS 4 TS 6 B R
FHLWLTL BT 161, HA T 075 il Oy i B R RS 07 18 . KRR T RS AER (228) K
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=-2j 4 sm(ﬂsmﬂ smq;)
4,2 %r:sin( %sinﬂ cos¢) (2-49)
B A IR BN, B =270/ A i, R (2-49) s i I 3% R BT ey R BB,
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B R IITE (C - 6) g AL AR o, BT
A =j;;s~“ieTTsino é (2-52)

Hob S RAWER., FA A K5 EEH 0IEAR, B, B (1-104) JE S 8 5 %
-jod, H
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(2-80) P 1 Al e e, A (2-83) W] A7 Tl HE /R ARt 4 R X

G=ep=2Ten, =414
A A

(2-85)

L6735 R E B R KRR AR AR /N T TR R M R AR R BL A, X i)
Hio 2kt o, KK
A =e,A, (2-86)

T ) B R B, AR TR 380 0 2 BEBOR LR 1 938 6 R X (2-80) L (2-82)
K (2-85) REAIRBETHI TR SRR . e R A T 1 258 18 0030 {5 RG34
HA o

2. 3 5 ik

PRTE A 45 52 46 MR P 2-17 (03 A i D S R A i e SRR S R 45 16 W]
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A TRSREE R U, , WA 2-19a FT7R, H G, =4nU, /P, [’Hilt
4nU,
EIRP = P, =" = 47U, (2:97)

WR—ADTRM & FAERK LN 6 = 1) RA%ET PCMBANE P, ol
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.
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— &1, cos(Br') u'ns%
(5-59)
L=-L=jlsnB), Iyi<h
Ol H IR R . PR (1-101) R AR
A= u%lwleﬁ “dl (5-60)
TR HAL R R, A AR AR AR R RRA, B2

(5-61)

FS51 —HRKFHRRL, Bl A4, SRR (5-59) WIEZRT
GrAE o MR MR iy UE A ) B T b A U v R

JCREBCE AR R MBI FRL . BR(C-4) MR (5-61) 1 F R XM F A
(5-60) JBERFUN SR BE34 O BLST , 19 51

A=t _;j‘“ cos(Bat) e (g A | s o
el ek B ’
”JA: iy P s oty g
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A=p 4:2~£Ia{‘ cos[ ( 7::?;’”91 cns'ysm( y; cnsy) -cos( ftosy)]
-5 "'L(:_WL[ cnsﬂcos( Tcosﬂ) - sin( §reost)| } (5-63)
Hef
cosy = sinfcosd kil cos{) =sin @ sing (5-64)
FIE y T QA —FIUTRERE, EAR « A y fisosRmE R A (LT 6) ,W(C-4).
purlEicReg 9
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= —jw(A, cos 0 cos ¢ +A, cos 6 sin ) (5-65a)
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fu0(5-63) thify A, 5 4, (RAHE]
o _ilane™ rsin g sin [ (r/4) sin 0 cos ¢
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nr
. [sin 6sin ¢ m( Fsin ﬂsindz) - sin( :'sin 0 sin .1,)]
cos ¢ cos| (n/4)sin 6 sin &] (5-662)

1 - sin’fcos’ ¢

. [sin 6 cos ¢sin( 7"‘ sin 6 cos¢) - (:()s( —4"—5;" 6 cos ¢)]}
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Ee= 1 - sin’ Gsin’ &

¢ 2w
. [sin 6 sin cos(%sin 0§ind;) - sin( sin 6 sin 4;)]

4 sin ¢ cos[ (a/4)sin 0 sin ] (5-66b)
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. [sin 6 cos ¢sin( Tsin o cos¢) —cas( Jrsin 6 cos ¢)]}

e R FUR R A U 17 545 AT LA
P 1 P S F i 3R AR T . EFR BT AE B9 2y 1 (E 1) L6 =90°, R (5-66)

T LA
[207] E,(B=—; ) =0 (5-67a)
E,(o: ;‘—) :”“/"_;r . {ﬁ[%:‘)%‘):fj [sin o cos(-lsind;) —sin(—:fsimt)]
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SR TEH Y, A 3 1R 4 1 0y ) B 507 R F (il T X i By
P RFLE LA REFR) o Wy i, K (5-67b) LA
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o A IR RE T TR, E 2 16, X (5-69) IR (570) 5t R A RO SR
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A WRAER 1 2 AR AHRATE RO, (R A S-54b AT I, WY BLA M 0 35 LA
APRTFRYE  E AT ST e A R O L R B 2RI, GEBRIN REHEE R SRR R
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E, =E, cos $/(0,$) (5-73a)
E, = ~E, cos § sin ¢f(8,d) (5-73b)
Hp

W

sm[ sin fsin ¢]

2 BL.

f(8,¢) = ————cos| -sin feos ¢ (5-73¢)
%Wsin Osin ¢ ( 2 )
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ARG BRI, TR 10GH2(A =3 em) IR &, =2.2,FT B A, =1/ /e,
=2.02cm, TERIAEN MBYTCIEMRE d =0. 84 =2. 4em, R (5-72) MBA LU A
f) L=0.491, =0.99cm, B ABLHTR 2000, 57 LS (5-75) A7 LA F 3R MR 0 A 58
JE:

g

o ¢
NSV < S .
W—,\/ 2 L 200 0.99 =1.33 cm (5-79)

HPFFTEBLST N 2000 MR & MR B I Y S8R T BBTIC ARG, B 5-57a 7R
BB P RO 408 SR A 40 SCBUA AN TG L AE C AL BB Y S0 S A B
B, & o EARETG, thF Z, =200Q SR Z, =200 Q UCAS, 24 54 R
B 5 5 2000 BHL, BRI G K 1000, 54 Z,, = 100Q PLFE, HLRAE C MMBEH
P4 1000, T75F J5 B4 TOHIKGS £ 518 2] 500, WA TY I i) s i o i) — 8¢
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6.2.1 EEBRELRLE
THefEsk g, £ 5 T RIELMN
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R AT AR AL B, b Tk B A, 8
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WA L<ho PR I BUR R /Y, B
g & SNl
AT YRAELR /I, I 5 v 33 B 0 BE A
AR KE FHREEN, TH
EARRE TR B, DAEE B, e mms@ieRn—8, 5y
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LT R F B AR,
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C=nD= 25x (6-14)
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F(9=0) =k Sn(=Nn-n2) _ K( -p™
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YAk, R TR BT A A, AT 5 AMEATIE . 75 3R 3 ML R RS
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Jy =hxH, (7-10)
M, =E, xi (7-11)

Sk N LERIF(T-3) MR (T-5) 15 ih
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LI RO 2, HER(7-12) (T3 RA, EHfse b, 18]
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_ sin[ (BL/2)sing]
FO) = a2y sing (7-32)
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sin[ (BL,/2)u] sin[ (BL /2)v]

N 810 N
E, = iB5ELL sin o
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— I S0% B RAFIY 1 o B AERS 25 A HERIWURAT B S0% 1 AR ROR . WP R 58
RERAA 55% B R R . A ARk stk M2 . Bl — 4> 30dB 3K
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5= i%‘x’ (7-114)
T MR A2 SRR AR 3 1
e M
b, = 5%‘(7) =gy = 2 (7-115)
N A 104y 1
Fofe 5E SR t=ghR T ?(T) vy (7-116)
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AR (7-108) I BB I(0,¢ =0°) LA e REm Ay
18,4 = 0°) = FWIWDRe 0y _iS(s,) ~ C(s,) +jS(s,)]

3 7-117
+ WOV 0 (g) - (8(1,) ~ €(1y) +S(4,) ] i
Hep
5|=2ﬁ[*1*‘%%sm9) #
- _ LA 1
s = 241 g (feino)- 5] (7-n18)
4 =24 -1 —% %sin 0)+ é]

4
=201 g4} ]

XA FIOR 00 ¢ {8, % R AR PR B0 7-13 B o B S AR AL 2 A 1 R i i B )3
A, R Y, IR AR 2ne SN 1 ) PR (IR WA

P 7-13 o R S A 7 1 T et R AEAE ALb A BB REDT I H TN
P (S24R) i (A/Asing) () 6. E AT el (M%) A2k (7-112) (R 58 000, LB AR AR R
b/Asing, 7E77 [ B AR (7-112) FIR(7-113) s BUIBE T (1 + cosd) /2 FFRBEAE
B 7-13 th, XK RRBL, AT R B T RS R, AL, REAN
38160 L5 66 RO B 160 PRI K 201og [ (1 + cos) /2 i{ARSY 5 S FI EHIRY
Wy, HERE, I 7-13 B E T 014067 16 LR - 13, 3dB (35 AL F, 1A RE AR
3 H T (e =0) , XA 3% 7 1 28 IR 7 16] L ELAT - 23dB fy S5 - BLAT AHOIR 2289
S, H T 6 R R R AN SR L

R(7-113) BB I £, (0) | T LA AR RS AR PR, AT S0 F M AR it 8
(EE RN CERES

100) o [ cos e T g g (7-119)

SR T 2R (7-106) DA PR AR 15 2 7R 3K (7-103 ) TIAS - AL (7-103b)
SCRERBE S T T 08 2R 38, 0 B A V/E ™ R AR AL o
H S TSR )7 T R s (7-66) () HI A BUNETR i, K

Dy = 22 (A - A cub (7-120a)

Hep
o = f— (7-120b)
o= B - CI T + [S() =S T (7-1200)

po= 241 +$], =20 -1 +§'7] (7-120d)



7.4 #EHAHNKRL 283

WAL =0, R (T-108) 4 p, = — ', =t Hpy =5y = ', MRARAHBET
455 R R ARG KRR T e, R s

0

T T T T T T
—Hil
5t \\ -==EM i
\
\
\

10

Afxt e . dB
8
T

sk
=30+
|
1
! I
W\
-35 - 1!
i "
i i i
| i H
—40 1 m Iy 1 L L h
0 05 10 15 20 25 30 35 40

4-sin O (H )~
Lsino i)~

16 7-13 P 7-12 FiR H R TR0 F- 3 AR 7 1
. R ERT(1 +cos§) /2

[ 7-14 43t — W M7 [ L%, SR X4 R/ BB T AD,/b XEA/A B
TERE, A 5 R B E R, AT~ S TR SEIE A 55638 24 oty £ ) e (LA X [305)
o HIRITREE THE A0 AZA BOTELRS R, /A PR — W R 5B A/A = JBAR,,
i)

4= /0K R (7-121)

BULIEE 7-14 o R,/A =30 BRI A/A (SR 9. 5, s (7-121) 8 4/A = \/3AR, =
V/3(30) =9.49,
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ARSE S 7 150 ) DA 97028 S 3L, T it (7-116) 55.(7-121) 5k ey

by = sfk‘ = % etk (7-122)
J5 Tl % 1 SR AEAT o L REAR R A, AN A 6 KB, 2 AR ERE A B
IMETF GG R, 5 1) VEE 1 4 T B A I T o %4 ¢ = ¢, = 3/8 W, BARNE T 042
Nk (x = = A2) BRIBLHESS 6., =2me,, =3n/4 = 135° i B A tEERE. YR mE]E
AR WY R IR AR AE AL 22 8O3 (41K L WSS 7 1o, AL 7-13 1 Jy i PR T 24
B

T T T
130 R, =1004 4
1201 52\ ]
10+ -
100 - 4
sk 502 ]

5

e 80 E

304

70F B
60 201 g

154
0 122 7

0%, |
a0l N
" 2 1
T N

ZOZ 25 3 4 5 6 78910 15 20 25

A

A

[ 7-14  H 15 5T WA A93E 1 75 o 2R

FTRC AR BRI 2238 (7-103a) | BEAROA 3 (7-119) P BB I AR Y ik
T A ST AR A S B AR, A — M 2 SC R AR (3R 22 1 R TE AR 62 5
WA, R (7-118) g o s (7-123) B, 7T A7 B4 (75 16 1
(= (%)2 - (%)2161’]'" St} (7-123)
IRAAR 2R, AR UK FILA R, AT ¢, =t BI40,3A (T4 (A/A =3) B
FENIL , T G0 AR IR 22 5 B0 ¢, = 0. 354, B HEE T DU 0. 375, H e, AR
(7-120) i ¢, B ¢, FTT6H7 I HE R PR AR R 2 A P
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BAEVEREI TSRS, W e ¢ = 3/8 B P 7-13 oh BT 7 ) BB E . BT RE
3dB A £ BLAE (A/A) sing = 0. 68 B, {F LAsgc 4 H TR B TE W A iy H T S 3T 2 20, =
sin”' (0. 68A/A) , WXt A>A,

HP, ~1.36 4 = 78"% etk (7-124)

7.4.2 EERFEWWRE
HE IR R AT LA R U P E R Y R TR . AT R YFR N E
@ B oHon B 715 FR . iU JLATC 3R R

2 By
E=R+ (?) (7-125)
(7-126)
(7-127)
z
(a) JLprsiby g (b) it = T (E ) 9 BER AT
715 E dTEMI
st H T T VR B BB —RE BN E ERIN\ Y DRI
E, = E, cos e (7-128)
a
PR 2 UNGIE B R
E = jBE, "_Rl“_“fenskﬁw(ésind) +$cos $) -

B n anr

1 + cos @ _cos[ (Ba/2)u] . _clr . ’
3 l—[(B——a/n)uV[C(rZ) i8(ry) = €(r) +jS(r) ] (7-129a)

e
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n= J%( - g ~Ri), = &(g - Ry) (7-129b)

UL ¢ =0°8 H | — Ly mEm T
_ 1 +cos 0 _cos[ (Ba/2)sin 6]
Fu(8) = =—==—1 [ (Ba/n)sin 6] (7-130)
ZFRE AN IR SRR RIEEEEETH] KB o RIRE T
E T ) FUARARRLS 22 0 2 (7-128) 0 YRR 25 6 = (B/2R,) Yo SORARAL
WEEAAE y = £ B/2 4, B 8, = (B/2R,) (B/2) =2m(BY/8AR,) =2ns, Jh5E X

MR ES
B 1By _1
N ?(T) Y (7-131)
fi30(7-129) , 24 ¢ =90°HF, AT LA s KR E 1 7 11 B i) by
LF (o)1 = 12228 o)
o7 =1+cosa{[C<r.) -C(r,)]’+[S(r.>—5<r,)]’}'” (7-132a)
2 4[C 24 + $(24)]

Hep

=26 -1 —‘:—s(%sin o)), =241 —%(%sin 6)]  (7-132b)
AT H FEETERI RO (7-119) , E T 5 T o W9 J v P, 7 A B8 ol (L BASY 5

2 (7-132a) Hf £;(0) AT (T-133) K i
fe(0) = f;e"’m’_"re"'""‘dy' (7-133)
E T 59 91 00 W\ 3 R 97 160 P 401 7-16 R o MR T 45 s R BT 7 1 PR (56
2) A JEII— AL T 0dB HYFLA R, T RAHXE FH KRN s =0 BRMPLREWM L. H
7 R R J AR ) RO, B LR (7-130) WA AR XA B E

FERT(1 +c0s8) /2,
130 (7-66) sRABHY E 1 33 1 I WUBY Jy ra ok ik

D, =42 B - %E, &l aB (7-134a)
‘ A
6 =L (7-134b)
T
. 2
| o = S0 £5'(a) (7-134¢)
q
B
‘ g= =24 (7-134d)
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\ L |
s \ 4
-1
A2
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Ziok \ s=3 i
\ =1
\ s= 4 @t
_1 J
R s=%
2 v
- \
= [}
= \
jres 1 -
5 20 \
Z \
g i
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Vo
- v
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v \s=0
t
v (1
30 vl \
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vy v
1 Vo \
K A | B
-35 N (. '
Hi V! \ /
II v 1 !
RV W
40 . by iy !
0 05 10 15 20 25 30 35 40
4 sin (HI) —>

4 sin6 ETH) —
P 7-16 8 7-15 Bk E iR 0K oV S P AT
JriP . BA AR (1 +cosd) /2

AEARTFIG R,/ A M B/ X (B — 7 Tl E AR AD/a JNE 7-17 PR R AR IR
HOWRAE XS R T T 48 R, PO S A B0 o ik — A % bR A A0 B/X F R,/ LA B
KM E1E

B = \/2AR, Btk (7-135)
AHRERY 5 (EE

B - ;— Rl (7-136)
BAs, AR 5 AR5 8 CUAR - [ AR AL SR T B AT PR AR BL R 2 AR 2 JRtE R

s = (% 1é{[l + (—%)2163’]“1 -1} PR (7-137)
BIFI R (7-137) , 77 160 BRI 0 9 305 2 (7-132) R (7-134) ATRAZS PRSI . R
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[309] b, KRR b, 24 FAR/INRE RS AR o, XA 1 R R REFT B e 7 AR e

120 T T T T T T T

1o+
R, = 1004

& S0%
Ss 01 B

60| 304 J

154

104
84

910 15 20 25 30

717 E R w0 T v A

K T-16 1 s = 1/4 MR B 2 AR R R A

2047 A _gp0 A =
7 0.94 4 = 54° it (7-138)

W\ 2k B3 2T O T 5 M B Gy~ D, B Gy = D0 TEEW) ,E TR A
47 T L SR B 1 2 (7-139) ek
B 16aB_ C'(4)) +5°(4)) sama-vny 2
T @ e (7-139)
b g, = B{/IN,I; cos (p/2)] 710 A, = A/ VT = (W/20) AR 8 Tt £
BB . 7 018 th O 5 S0 0 45 A A ARET. IR (7-134) 18t A fi b X
(7-139) Mt/ 20% R EEZ

HP, = 2 sin

GL

7.4.3 MEENKE
AT KL WA AT AR R YR . QIR 7-18 R, 75 E I
HEAEY o 3R 4 & 5 BOP /A 37 T8 P9 38 RO 8 T RSB TE A H il X
(7-105) FI(7-128) 48 H A E B TEMIY\ 925 R4S ARk BEAM 2] A2t b
E, = Eycos (S)eom e (1-140)

i TS 00 PO PRV , T IAAS B — A ) MR R R 3P T ) B A
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BT A4 R, B AR R 7T 5 B A, AN (7-72) BR o BEMEw MR,
I\ E R H T ST E TR £ R B H RIS H
Jriei . ik, Y E 1wy E TR 7-16 3 A7 1 B R (340) K78,
i H g 75 160 BT LA 7-13 ) S 2R 7o

(b) xz -l B A8 (M ) () yz P B AR (E i)
718 fAHEMYIRE

GERL L IPVNEC TG ERE L T iR e S AR LN
75 10V T LA SRR AR A, LT HET. 4. 15

D, = 35(20.)(404) (7-141)

TEBUHE 5 o 93043 1 b 18] 7-14 F0 8L 7-17 f9 T A e MR A B . xR R Y
B, B30 (7-141) LTG0 45 3 I G AF A MR AF o B IR LT 35 Ko i
B~ URGEAT I A1 A YR 2 T RO WA P 8 [ B8 1 301 4 7 2k e T, S 02 SR (7-141)
FOR G 2545 B — MRS IR Rg R 8

HHEIIFRBCR ARV R R PR . RATROE o AT 1, BTABUR 85T
FrietE, WA (7-80) o MK BB ARE, EHI‘I#%%#UX&%E, FARALEH 6,

£y = E8p = B8hE (7-142)

o SRR R 4% 9 4 S el E TR H T AR 2251 ASA T Ml X
(7-77) TR AR RN R

= ‘j\—’:swm = ‘%;,Alzsf.s;’, = G’ (7-143)
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Horh 6, RWAH MR E RIS ORI, AE6] 7-4 ok i AR
B e, 0. 81 TRV J7 1 HE I ER TR RS RCR , sta g B AR
ZEROR, XA LER AE AR S A A o R, INET-19 PR o X B

JEHIY\,s =0.25 F11=0.375, AR

1LO—r—T T T T T
08 10
17 e
06 108 e
3§ HIA dos
04} B
L o4
02 Jo2
L
0

Lol L L L L 1 0
0 0.125 025 0375 05 0625 075 0875 10
MERES Y (s R D)

719 E T H BB CRRE (F ) AR S E I
H T RSB AR G (F A7)
& =0.649, £l =0.643  JfEM
W ERELE £, =0.810 LA,
e =22 =080, & =% =079
£, &,
i (7-142) S AR RERRIA Y 117 0% S
&, = e,ehen =0.81(0.80)(0.79) = 0.51

X SR A A S I SO% f L R
3t (7-146) 1 (7-143) , — AT 4 Fl HE R AR 8 2 2

A W
AR (7-143) ) 10log, L dB HTE AR WIVUASI 2 :

G = Gon * Epan () + (1)

(7-144)

(7-145)

(7-146)

(7-147)

(7-148)

R BT 5 M2 58 (7-120¢) 1 (7-134c) A K M4 25055 9 F o /ETR 10log 27,

e A R AT LE R A ™
() = 1 LER) +5 Q6]

~1.00329 - 0. 119115 - 2. 752245

(7-149)
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(1) = g L) = C(p) 1+ [S(p) = S(p) '} (7-150)
=~ 1.00323 - 0. 087841 — 1.27048¢
MEEAE] s =0.262 il ¢ =0. 397, B LA XA K. B, fEEMARTH
5=0.25F1 ¢t =0.375, A H50(7-144) (O ff, BTl B 7-19 P RG A . WURRAR
(7-123) A1(7-137) f7“ A5 AR 22 S8, RO B 1L o
YRR MVEE R AT, BRA S A TR S B R 28 o S0 0 (T AR A3
Iy, B T4 (038 25, 6 4 BRI 1814 E . FROTTBUAEHE T 301 s
Fi AT LA B A E A R G . X AR R R « R b
BMIO\RSE, #73 ANSAFBFOR o FFIATAHAFR E TR H T AR S
BAEMEREXCHE . 5= AR, A D\ R G5 R 1 3R LR SR, 3 5 B B
WAL, X8 7-18 ALF

R, =R, =R, (7-151)
#1718 REALZ MG
R__an __ A )
R, A2-a2 A-a (7-152)
R, __B2 _ B
R, “B2-62 B-b (7-153)
MR (7-135) B E ERAEHAE, FFRAR (7-153) 185
b= BAR;xf s B -bB-2AR, =0 (7-154)
TR AW~
b= %“’ + /U BAR,) (7-155)

AR BRI TR S, BT AR £ AT IRIRE M, R (7-122) H T )
FEVE AR AR (7-152) -
A-a, A-aA’\_A-a
Ro="3R="4 (37.)‘ m A (7-156)
ZER(7-155) RARA(T-151) By BB B AR A B AL (7-156) , it

=g fo A=) (7-157)

SigaUHE 3 C BRRERAE

4 1 —
=48 - ‘1—’,‘;_”,1 b for o BAA=2) (1-158)

JRIFEUBR A HIPUB R, 18 B RO TR

1 a2a4
E—aA’ SBONICN] e (1159)

8re,  32n'el,

bi2]
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A ATHER ARV T FR AR, R AR 2 B 2, T B A T R IR B B,
AT AR R A, S — el
A, =0.450 /G (7-160)

BRI BAER SR

S HUETE LAEUK A e BUIRH2E ¢ IFEE R B FMR T a Rl b,

L2 KM e, =0.51 i i50(7-159) dify A

SR 3R WA H AR R R (7-147) K B R (7-121) R R R
(7-152) Kt R, 150 (7-98) R 4,5 13 (7-135) Rt Ry 5 s (7-153) Rl Ry s i X
(7-125) k3 Lo

SR A AR R,
REET R, IR O-
131 F(7-116) HEFA
$=0.25% 1=0.375,

WK £ BB AE K28
3id 50% (¥ FE L R AF LT
Mo Aad, AL 3 A B
B ORI A Bt
fiE. M 720 kT4 7-7
B R 1E 8. 2 ~ 12. 4GHz
BB L bR 2L ()
WA, A, AR
AR A 0, R AR K s
M. MR — 8 °
WE K, BN (7-77)
AHEWSBRBTIRE w20 177 obmlen 2SR MUK R AROR
BFTr o SR AR LU
P9I T PR BTUR MR, IR 720 FR o BTLA, et 2 UL 7E L BT
AL AL o

TE A — A AE UL 1) 45 A G , SR — T BRI fBUE , B L AR AL 1
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HEER AT A o, VR BORBESR MR R, i, Btk Bt A A8 43 47 B 1 IR 35, DA
A BRI S p A5 e TSR M0 R SR AR (IR 22 1 I, 4 25 B R,
B Ao R KA 2, PR S 25 SR B LRI .

XA B T, 0k H B BT R AE 8. TSGHz, N RBOR R S1% . fEHEN
8.75GHz( A =3. 43cm) B, BUMIM 25 2 6 =21.75dB 5 10* " =149. 6, &3+ FKiAX
e, R (7-160) BAMEN A, =18. 9em, WIHHBFHE=SHHLBRTH
LIV

A=18.61cm,B = 14.75cm

R, =33.67cm,R, =31.72cm

1, =34.93cm, [, =32. 56cm

R, =29.53cm, R, =29. 53cm
S R, =R, = R, AFFR(7-128) FI(7-115) 18 th B s =0.25 #1 ¢ =0. 375, W RiAE
SXMLER, PR 717 PEA Y MR R, /A =9.3 1 B/A =4.3 18 AD,/a =36,
FAFE 7-14 B9 R,/ =10.1 A/X =5.4 131 AD,/b =43 WTLAKIER 25 (8. fa30(7-137)
i

D, = %(%pz](%oy) = 35(36)(43) = 152 = 21.84B
TR L B B AR 21. 75dB,
fER (7-148) d1# A  (7-1200) Fi
(7-134c) LA K s, =0.25 fl ¢, =
0.375, 48 th J7 ) vk 80 4% o 3 B0
21.79dB, i3 (7-137) FIx(7-123)
PRI A B P RE AR LR 2% s, =
0.247 Fl ¢, = 0. 368, 15 tH 77 fa
21.85dB. %7 16 Pk 1F 431 4 ) B
H, 0Pl 7-20 FiiR, WAJRE 7. 4,17,

£ 8. TSGHz 4k ) 58 B 4 5% 07 1)
Pl 721 B R, B R CF
(1 +cos0) /2, FINRFI R

HP, = 12.4° HP, = 14.2°
LSRR AT 4 T(7-138)
A(7-124) @y Bt . W, X (7-
138) I (7-124) i fa 5o 3h 38
AT, 4 T AR A R4
Ro B7-21 W E A H T 10 P K5 — SRS I T 16080 44° B - 9. 4dBAI -
32.5dB, ALEET(1 +cos6) /2 B, E AN H T i B 5 — S5 ME 43 5 R - 9. 2dB

P 721 {77 16 8. TSGHz TTARRT 9 R4 A HE WL
KM EF 7 ME . %A R EQERT
(1 +cos0) /2, HP, =12.4°FHP, =14.2°

[14]
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F1 -31.2dB, 1fii HLAT AP 7-16 FIE 7-13 HsR i,
FIAR(7-95) BB MR B B A5 T8 35 () «

HP,HP, ~ (12.4°)(14.2°) ~
EHL FRIHE 21. 75dB,

7.5 BEAR

—ARLAAHFFOEE YE O EHRYEE D2, KBPSBREFHPANE
B RL, AR A 5 RN R AR N2, F— B
PRHERR, ERBIATH I D BERL

7.5.1 HAKHERKOR
—A— AR B AR I 722 iR, AR DR RIEEREEN, EREAY A
B oz, El— S LR BT A 1 BN S RS RE . BE D
R x [, 3R
E,=%E, p' <a (7-161)
MF(7-14) G i
P = £E, Ue"'"ds’ (7-162)

E722 WEOR

A 722 FTLLEE
r' = plcos ¢'% +p'sin ¢'9 (7-163)
H(7-163) H(C-4)—&f 4
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#+r' =p'sin B(cos ¢ cos ' + sin ¢ sin ¢') (7-164)
= p'sin Beos( & - ')
H b, R (7-162) 28R

P = iEoLd[J:Ke"”“""’““‘"“dd,']ﬁ,'d‘,'
= #E2x [ p'J,(Bo'sin 0)dp’ (1-165)

Hoop AR (F-6) X ¢ Bl Jo(x) RE—KTH N E/REK x =0 EHFT 1, %238
Kb, R —AMREM K p MBS AT IR T R

[rdo(xrdx = 2, (x) (7-166)

EHR(F9) B, J, (x) R—HH—KNE/REH,x =0 B EHT, Y« HAM, TR
— MRS R R x = Bo'sin 6,3 FIAR(7-166) F(7-165) 1

P = £E2x mj,(ﬂu sin 0) = £P, (7-167)
R (7-26) B
E = (écow-&sinmosa)w;—:a (7-168)
2.7 € d
= PE,na’iB 5_f(0)
BRSPS
p =0cosd - Psincos @ (7-169)
TSRS P, 3F 6 =0° Ry A (HI3 — LB IR B AL
_ 2i(pasing) )
£0) = =5 s (7-170)

PR 14 A R B KRR,/ 0) B § T8 4 E P $=0°,R(7-169) &R p =0,
i f(0) o E, S} Hik . 7€ HTR ¢ =90°, R (7-169) 4Ly p = - & cost, i f(0) FeLh
cosd R E, 5Hko HET cosd BHIRTE 6 =90° by 3 s TF , LAWK 23 F T b D) 161 o
Bt R ER
XA STARAL A D42, FE 6 =007 161 L ,/(0) 4 t ¢ i) ¥, 3 LRk 75 B
. B, B AL, B 6 /), cosd~ 1, TR (7-169) 43t p =8 cos & - dsin &, E
AL R £ AR S ERAR Y], Wk (C-1) . FEMSHA BTAXT 0 IRBIER
SAEELO) o f(0) H—AFIFINPET-23F7R , 1€ wo T, X a =52, —E @]
LB IR (0=0°) o B 7-23 o A3 ik oo A 5P T 60508 4 160 PR A R 7-24 R
TR 2], (v) /6 SHSLITT A sine/z BRI
F(7-170) Bk T 3R 5 BT Ba sing = 1. 6 B FTLL, X F a2, IR BR
al6 164
Ba

HP =20 ,, = 2 sin et

[1e]
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[ 723 AR SIBRIE S ST AR 10 B i D AR I S A 1) P
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A
2a
Xt E 4% %7 10A 96 F, HP = 0. 102rad = 5. 84°, 4Ffal 147 [ 1142 77 131 1 () 55 3 e F-
-17.6dB, XA Li il 7-24 F o B A DR R A E S R BIERE , E i NS HT
BIRCE R 1, R (7-66) HILT Bk

4n

0, =%, = i’;nu: (7-172)

HP = 1.02 Arad = 58.4;‘:deg (71171)

7.5.2 ¥HIEROE

VFA T 143 K AT LA AL , 143 35530 068 53715 A 1 42 o o 1) 320 5 7 9 0 42 1 3
PRI O42, FEBLSE R, ¥ & B O 72 50 A6 4000 T 42 I XERR, HORKE ' 22k (LI
722) o MUEFEXFAOLT , ELARUC & B S BT IR R B S e D4R, Ty e B
QIPTR e FER 4] iy b bR )

Ful0) = [[ B =gyt (7-173)
5 & BUR IS TR (F-6) 5]
u(0) = 20 E(p")p' Sy (Bo'sin 0)dp’ (7-174)

T LARE R AR AT B4, A3 5 S(0) o

5 R ORI OV R AE 2 7-1 rh A . 2RO BOR e SCHR b R BLRLY
[6,21,22], b AR D172, £ 7-1 B FHLRBAA 0 42, £T-1ak0i09)
M (n = 1) B — TR D2 LW R O 255 S TR % Hn=05"
A S, R ORI AR A 1, R (7-81) F(7-172) o PRAEHETHI (n =
1) A R S5, JLACHY 2 B S G FL 7 1) 0k LU 50 S A B B AIG o 73990 F 5 53 A
(n=2) R, AU T BE 55 M s P/ 3R B0 DM, BT DAGE bR 2 7-1b SRR b
HOHBIER 125 A KR M. SRS C M T b b i 2 (35) IR ST X Fh i il
T 0 A A3 308 20 0 O 52 08 K o BB A, 0 5 A AR AR XA (R 03
Bt U 4 7 1) LR 2 5 08 40 O B30 2 B S 0 B0 . PSRRI T D
(n IR C WRA) , 3508 0L P-WE A%, 16 7 A 465 SE 9 m , 7 1) HERRAIE . 2 71 v i i
T B 4y R BT 8 R LR AR A TR R

FE3E A THHIBUE 12 89 AR (790) FHRH ¢,c,—c = ne, bk —k  BR 77
Iy SE AR DB, 5

DB,, = nzskk’(‘—i—)] = 3240068 deg (7-175)
X3 7-1 PR ATE R, ZRBUL TR AR, il
p ~ DB _ 39000 (7-176)

fs)
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Hoer HP RFTA i b D R R R
71 WHIERKOSSHEHE
E)
n=0
(a) Rl L
" . n=1
ey =[1-(2)] Los
27 (n41)1 J.., (Ba sin0) "=
f(6,n) = ————— =
(Ba sin ) il N,
a 0 a
n HP(rad) S5V (dB) s, H—4L )5 8 £(8,n) i
0 Lol -17.6 1.00 M;ﬁ%‘;) 1%
1 127 zAT ~24.6 0.75 % e
2 -30.6 0.55 % WIEN

(b) B A& LRI IHI ST
E(p') =C+(1 —C)[l -(%)']

Cf(0,n=0) +
f(6,n,6) s ————
c+
nal
n=1 n=2
put 3.8 - S
WP (md)  TEF o M  OHRT -
¢ (dB) (dB)
) A A
8 038 LizA -a1s 0.02 114} -7 0.918
2 2
Z100 0316 Liat -2.3 0917 L17A -27.0 0.877
2a 2a
A A
2 0251 Ll -2.9 0.83 120X -29.5 0.834
2a 2a
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(%)
A A
-14 0.200 117 -23.4 0.871 1.23 =317 0.792
2 2
-16 0.158 l.]?i -23.8 0. 850 ]_26L -33.5 0.754
2 2
-18 0126 120X ~24.1 0.8 1292 -34.5 0.719
2a 2
-20 0. 100 l.ZlL ~24.3 0.817 1.32A -34.7 0. 69
2 2a
% Cp ffi7E -8 ~ -20dB Z[HI6S, HP 71 &, MGG
A f n=1 n=2
HP=k A k= ~0.008C,, +1.06 k= =0.015C,, +1.02
- £,20.01C,, +1.02 £,20.019C, +1.06

FHUGHH TSR | OESLRMERLEH R (7-174) B RGRYLN it

i)
£.(8) = 2nﬂ1 - (%)l]np',ln(ﬁp'sin 0)dp’ (7-177)
A x=p'/a F b =pa sing, FIH FRATHH MBS
[ =) boas = 224, 0) (7-178)

MR (7-177) Wik
_ md .
Ja(0) = 27 f(0,m) (7-179)
e
2" n + 1), (Ba sin 0)
(Ba sin )"

BRI — 607 0 B R, MR (7-180) ATARH1 3R 7-1a R BTy . PRSI
JE(RJEET.5.4)

f(0,n) = (7-180)

:
[C+1_C

S NS 3 ©

., 2001-C), (1-0)

CHTTT e

&, =

(7-181)

320
i
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7.6 AR

EEREKHGEEE B EA N AT LSRR RL. RABREOHFRER
BZ AR KRR, ETE BB H AR T IS 3B KT 30dB, fE24E
WL B R F AR S A A KR, AR AT L 6 (38 2 AR R o A1 o, 0
WOEEA R AR R ARG, 1 H o B AR AT B LRI R ARG

7.6.1 HMERSERERE
B B L R R R BTN — MR T A R AR A — R
M R . AT B SR 7-25a PRI T R S 88 K 8. X G128 (3R
F)R—A MR . SR ST R B E T — AT R TR N
P 7-25b BRI IATY MLk . 76 HAAFRIE R T (o', 2) F/R 0 R S0y S5 2%
HERIA TR
(p') =4F(F-z),p' <a (7-182)

(a) SO AT 2ANAE AT R G (b) FLHREE = F-1H 1 A BEAR
725 XFRIDYI IS BE KA

BRE TSI p! =0 F 2, = F, BB T p’ = a Bl 2, = F - a'/4F, XHRAHEH
(A BRI | RS RTE  00 R SLBTF A% O MBE R o BIUMRALATEL
FARALAT (1) 6,) TR
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2.8
R rrrr i (7-183)
B r, fE D AR EBY R
p = rsing = 1"; sci;”; = 2F tan % (7-184)
¢
TET AL (6, =0°) ,r,=F, Tl p" =0, TERSFERMIANLK(0,=0,) ,r; =2F/(1 +cosf,) i

p'=ao

AT PRI T S5 B8 5E 42 ELAR D AAERE F A SRORMUE . SBONIZRS 2
SR LA D A D/F EFR, BN H G R AR (%) o “ SR M LR F/D
FURGBETHOMR, 24 F/D TR AN, S 3R — P AR 488 K
$67 TETR9T AL, 0 — S B S P 18 A5 1E LA SF 0 38 B2 4 e 2 (B, B AR AE TS
FEAL) o 5 R R E R TE AR NP 7-26 TR . 24 F/D & 0.25 B, 4 s db F il it
SHERF-E L, IEANE 7-25b thi i, WIRIESE (2 £ ) BRSO KW MBS F/D
K, AR (T-184) #E E gikb(p' =a,0,=6)F

F 1

5= :. % (7-185a)
an
1
6, =2 lan"[“(_li)] (7-185b)
D
E
D )
025 90°
030 796°
033 TP
04 640°
05 su°
10 8r°
(a) iR F/D (HITEAR (b) MAJZBF BRI 9 IE 6, F F/D HIHER

P 726 i I 5 2% R

AR R A R e LR 0 7 1) P S B DL A . 0 B E AR R R )
PRI LE 1A 7 141 A 10dB, )40 F,(6, = 6,) = - 10dB, XFi@H#HHIM 0.3 ~ 1.0 IF/D

)
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B, BT A A OB R M B KR, 7. 7 el T LR . TS B B, F/DIY
X 32 AR AE AT R
AMBEAR D MBS H, 55 B S0 &I, B A% R (7-182) %4k
p'=D/2,z,=F - H,, W] ARG LRI X R K
P
16H,
Blan, %4 F/D =174, €45t Hy = D/4, BB H,y = F, B 7-26 17T W3 @ 30 X 4o
J0F B TR 0 R SR — A KRR R R IR
(1) B M 0 % s SRR 3 88 RS B B, I 31 G M SR - AT F Rt
W) o
(2) i R A B R A B8 R B D AR P T RO B A2 K, ARG B T 2F,
X H A EARE R VTN (CO) RiF, E B4 AL M T & TS HE M4 2&. Xt
RbF AR S SR, BERTR IR, SR 1, O7 1, AN 7-25 R BULEXE A GO JRERIE
AL R
S — R AT B ST 8% s R A E 8, B 7-25b P o, = a0 KIE
A A, B G T B T AL AR AR (7-183) IR TR C, = F - ryoos’ (0,/2) =
O FRYR6 BE K 5 R AY ¥ 1) 7

9
N =V 6= V(F-reo 7)

(7-186)

FOLplog 1 9
- [r, oy % a6, i r,sinﬂ,&@] '

= ~7c08’ i‘;L +ycos %Lsin —21- (7-187)
JAN' =N - N=cos’ (8,/2)H—{Li4%)]
AN o % pin % (7-188)
DM 5 SR I SR T A SR 5 3 T 2 1 2 1) Y e
cos @, = ~F, * A =cos ‘;’ (7-189a)
cos a, =2+ i =( ~Fycos 6, +Bysin §,) - A
=cos 9,cnsi§L+sin o, sin—?scus% (7-189b)
A AN 7 R T L
- (7-190)

EW RS, EEER, i 725D 4 «, + o, =6, E5RK(7-190) R—H,
B BEARAF 1 B AT AR (7-183) i, PR
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OR + RA = & S 3 210 8 B4 12 KR E
=1, 41 co8 6,=r,(1 +cos §,) =2 F (7-191)
PR A3 B e G B AR B (2F) , B S5 AR B AR Bk N AR BT BEAR (L e . Y
W, FAMB RS EEMBOARE T AL TREGAMHD HECZES LYY
sARtE, i, MRS AR H 0.

T FIGTRBRER B 1R IR S — A DR S 53T RS KR, T BB B3 5 77 1)
P, By, AT AUME R A3 LSRR, PR —HOL R AW GO 3k
PERSH T B GO LR JURURSE :

(a) LB AR A 3R BE R T B, DRI 54 B2 A5 189 SR B B S8 LA A T

(b) 3 F SRR A S0 1 RSP AR AR, 7E ST A AL T DA S i e AL 3
Wb, X TS24 L ABURE <

(o) 5 4 85 1 S48 — 4> 52 66 5 1, BT DA S0 55 A B B O BE A 95, 3
U= -1, AR SeqBlE, R R A 3 FLF — IR 41 1 (1 R 300 990 i S 5 26 19
TR .

PP RS AR A R — A TR RR . — RG24 58 o SRR AL S 51
00 RTPE B GO RERER L, S B R EABEA LAWK, R, A
SIRT RS R T R BFODN T — DU, LURE G F A2 R AR
2, WA(7-235)  FESPR, — AN AT R R LR R GO HE 5T A R T IR R
B, WAk A B AL

LSRG AT RS 8 KA Iy ik o XA AR T I Y 2 5T 8% R R AL
B By iFd S 28 TS

GO /ORI ik, SHHTIR ST B KLk W R AL A 19 0y P A2 R GO §sE N 245 5
A, ARJG N 7.5 WS DR TEIG R k37 1 P o AR 7 B R kMR R BHR B 1 42
BREF A SR o SEIBUE LA 16 AR B8, LU U B Ry KRR
ST R o A SR TR £ ok AT 4 6 ) B B3k VAR, ) A YRR
1 V1R AR5 R X6 BT SR ARIEB) o A3, LA T A3 53 8 53
Ao R P o SR D 485 16 S T 4% 1 A R 1] 69, DR A AR 0
it AT , B R R AT R (BRI B ) R T —BOF I ST AR R
Wk o P, DR 1/ AL, T E ERAIEYTX AR

JUAREIERE (2. 1 ) BUE B 2 IR O R MR R B R T ARG,
W 7-27 B — B ORI A 40, BOBESS SIS SR A MR ZIR, TR EIT IR
AT YRS PR TR k. SR, SR do, R R 9 R Bk 1 AR
B AR TF—ANSERE N dp EBUN 04 MOARSRIY . (BT RS BHIRIN D R R A i FITER), (2
Bk RRAELLT P,AQ, ok P, RAGHIHIR, HIFAAE DR dA KL
Lo T P, R A, B R T R G S R AR (7-192) 2

a0

... _Pdn
S.(p) < G (7-192)

)
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Sl ¢, B, A0 =2nsing,d6,dA =2np'dp’ . LA
2r sin 6,d6, _sing,de,

S, ') < -
N o N (7-193)
Mt (7-184)
. »
%:di@(zpmn %):Fsec - (7-194)
Ho a5 0(7-194) TR (7-183) . WA
%:} (1-195)
!
Fit, % EFI (7-184) M (7-195) , 5K (7-192) B AL
S, 06 1 _ 1 (7-196)

rsin O, 1
SAE T IR B BR T AR , WRRMEBR T W S . AN E, = /S,

E,(6,) m:f/ (7-197)
PRIt , 2 AR AN — A ph F 12 S 88 35 |20 1 4R 0 0B FE 4 A 1) A8 4

P MR

L n@vE

727 A R DA 1 T 8 KR B AR

TSI (SRR ) KA SE 4 161 [k 1, PRI 7-25 (9 bR AR, R H — e T7
1] ) 59 5 060 7T LA 0 5 R (7-198) o

B84 = Ve = 000,
s

(7-198)



ol i, RO R BA R . WSS TR SRR 2F HEMRBOE G
BTER . NHiE I, AT o R & REA N, DR p AR IR 1, 1
0, RS

2 2
r =4F—4;L (7-199a)
0,=2 tan"'0x (7-199b)

AT (7-183) F(7-184) 18 1 . AT LUK LA AR (7-198) , MBI R SRAT 7 18
W F, B (p' o) b T Z A T (RSB Bl 2 (7-198) g SR L RAR
R AR A FFR ST AL B AL, LA B S 28 A AT P T (R (a) ) 058
Hi S (B (), ATRR diM A, SR, ol A RS2 S5 3 ) 2 DTS LA L. 355 L E, +
E, HYlaRe RS F AT, RITERER 0 HARKERERFS W E, +
E, =2(n-E)n &

E,=2(n-E)n-E, (7-200)
o F B S8 SR (I E AR (0)) L1 E, | = 1E | RIFTEH (7-200) H—fefd it
a,=2(n-u)n-u, (7-201)

Hepa, =E/\E UK u,=E/IE,|.
PULETT BAS A A5 88 R A 4 1 B R AR a = D72 IR B
e, B (7-163) A (7-198) 45, 3 (7-14) b 4240 A0 18 B AR 4
P=V, E L f/(%wﬂﬁ,ew""*"’“’“’p'dp'dd}' (7202)
,
SRJE 1 (7-29) T 52 8 HORRAT 7 1) B o AL T ATV IR K R AT W 1) LI T 88
WA S A AR ARSI RR., R AR L, B R R AR &Ko MR
JriE A A 6 B T A KRR RGBT R A H @,
5 GO M AR I B 250 CUR AR, 96 R IS5 R 7 1) B e 3K F, (0,,07) )™
e SR I ) B, DR 5 R A 100 L S R R R o PRI, GO DK B 4 i
SRR T . Ak, 3T — NS, G A 7. 6.3 IR BRI 48, A
KL B IEIRRIT 6. BUIE KA R — Rl SR S HT7 o
PO/REFE, 1.7 Wi S 00T 15 5 5 50 6 AR50 AT AR o . XY
F R AR TR, T LA T M R A S 5 7E 4 IR 2% L 7= A L o 7E R Y
X L FR it (1-105) SR i A T 26 0 o 0 K 31 93 2k R (1-101) L 73 e
E= il [Ju. - - (7-203)
Frop S, RS IRMOFRE . LR BRI BT B OLTE R J, 2RI A AIAT %#
TR th 4 92 6 (PO) SEAESRAS BT T GO A3H7 B9 IR (a) B (o) IBRIER S5
IR B A SR R ALK o A 5 3 0 2 B A Je R A S B, A — R BN SE AR
58 1 R BROF T R ST SR A . RS, R BV IR ARG H, 5 R G XK A RE S

7.6 AHBRH 305
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H,,fi(1-26)J, = H, SEERERER, P 1, R SRGHOYIR 55, b (H, +
H,) B, R TR, RIS S T AR, BTG 2
_ {2ﬁ <H, RN RE;
o FER ST AR E
itk , PO ST S Y 85 R S, #5 F8 A: R IR LS AR BR 2R 0k U W1 A E F s i
S¥o i BB T 43T ERATIK AR X 09 7 51 R gk b B ANk Sk bk . XA L B E
YT IR B T Y AR LS FEAR B

XA R S , 2 (7-203 ) o 9 BRG AT LURIAR AT 11310 %7K A Rusch %
i, TIFE) T BUR S S48 K& A7 o R, SRR B8 25 Kk 2 MO0 T I 5 88 i T AT £
AR Rt R R R BE T IR . B, RS, E R AN
TR AL AR, )T Jacobi 25 He , M S 7E 45 i 9 ST S 2R R EHEAT BT . H T HRBH
SRR, BB T EBURIF . A —HH TR R A 8 R R BUR A . 3R
i I GRASP® 45 T PO 5, PRAC(HAYIIE L4188 RS R A NIE
HUGRE BRI AFRRIT MR G b ing .

XAl BR 2 8% , GO/ L1 42 143 (GO/AL) # 77 % A PO/ LS (PO/ST) W J7 3%
Ak T RBEGE R ARad, X EIRT R T RO B B8, AR R A5 R, GO/AT
FrHERE . BUAN, B PR HE 57 SR AR T IR R R Sk LA S5 LS A 7 1) PR 9
JBE ,FE VI 38 7 1) R R B0k I R 1 k9 B

GBI, WA TG CO/ALFI PO/SI J7 ik , % L AIIT Sk JUAN5 87 A4 1T i
BOGE S, 5 B X, A A 2 DU 28 R e 0 B 51 88 ) st 4%, LA AT
Al AR B Sk B0 ZE ST (B HACAS ) | T BASK 7 1) P o 330 BT DA i R FUL ) Se 5 i
(GTD) ¥ GO 4" B0 & LeAt B0 , 3% il i e 284 (PTD) 4 PO § R FIB & A
R E AR ST R, CTD A PTD K eSS 12 B itie, 12 16 T ab o L4y 35t
HF o

(7-204)

7.6.2 BHRTFRIYITE B4 2R R L

FEAUINGFIICA/N I o 8 RIS 38 Lo G4 B I SR (R 28
SRR 7-27 B M A X PRI ST SRR R T AR, FE R
AL . RN 7.7 R R SRR\ R £ (R 3 R IR TSR LU
¥ UHF FIEARAIE

K8 AR R, B « SRR ALY x, k) | LA i AR LT, O 5 H R
A1 E iR H G710 C(6,) 1 €, (6,) o Bt (7-239a) fRAh W74 i 1 5235 7T EA
i (7-198) LL R (7-201) 5 (7-188) 3R Hy

E =V, e"m{ e J . 2
L=V, ~ %[ C.(8)) cos’d, + C,(8))sin" ¢, ]

s
+3[€,(6,) - C,(6)) ]sin dyeos &, (7-205)
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TR 1) PR A A B O IO o SRR R A ) TR XS FR A — 1L 0 I B F, (6,)
#i% , 3(7-205) AT {L N B, - XF,(6,) o BTLL, T E B H B2 RIS AL T im B
C, 1 C, ARFAE, 31 T BB y—— AL M) o R (7-205) Ak T, 48
¢ =45°,135° MY P, 1148 3 AR AR . % 1 4238 UARAL B R E 35 28 LR L.
AR (7-205) RS B BUR B HEST . B2 = BALEIRT IR (7:205) 2R
AR, ERHA Cp=cos§ f1 C, =1:

-,

E, =V, %—1 —%(cos 6, cos’p, +sin” ¢;)
I
0

-3(1 = cosf,) sin ¢, cos ¢, (7-206)
SN 7-28 fiR. 455 PRk x
SN E (B, =0°) iy - Feosd, Tl '
HE(¢/=90°)‘F‘W—§D HE i, 02
SRR AT T B E PR
BT RIEE, 1R SANSER
FWER, MFEEP@E HARER T o
TIERTFHRE (B y r i) S 758
AR AL . R A S A X R A SRR
b, E £ N3 38 XAk s it
AL 1D R AR K AU AR R .l
MR, AR, PEAE £, LR
EAHBEEMAEN . A BSIAN mros 4 x HALt IR TR KL ERY
3 AR AL ) B8 K B BRAE 45° 19 F T 4 2% 2 P S A A,
bo EEA—ANEERNGEE: S5 F/D AR x 7 y SHik, A (7-206)
it R SARAG o ) R AT LG
TR (7-185b) , 34 F/D HNAT, A REL A 6, = 0, Wb, Bk, 3R (7-206) )5 Z 00K
U, B LR ALRIRE . 7EKR) F/D MBS T R 88728 F BARSI A UM AL
[ 729 5 7R i BOHR SR T 4 B8Ok 2 3K T RS 0 7 R R B 98 R R R AF
GRASP™ i, TFANSEER 22 M B Y, R~ AW AR T 0 W, AT I HMTF
RO BB IR T o ST 88 B0 28 UM AL R S 58 SRR AL AR X T 368 A 5 1 ] e {8
Mk, A UHRALRIVRIE RS XPOL R, YER,1ER 7-29 i) 3371 BB A 22X
WAL TEE & =459 i B 22 SR LIS = -26. 3dB. ZBEHR AL B, FFHFR(7-199)
FRA(7-198) 48t —ANBA MR AL RS B3 — 4k & 42 AT R
E,(p") =1",(6,=2 tan ‘%) —'pﬁ (7-207a)
1+(27,)
e
=20 logI F, 1 -20 ]ug[l +(23F) ](dB) (7207b)
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BOFAT A ELEAE R DR p BN 5 . 3K (7-207a) S AR FRR N
BRI BT, IR th 8 B G 2R BE RS 1, B o’ ORI T B A I A0 LR R B)
B, BT AR VAL IR A S 2 1 B A 9 1) 4, B8O 8 ' B L, St ERHEEIR
At BHRBME T AT R S . AR (9 92 BRI AR % 52 5t 2% 9 77 1) P A 1
PERER /N 2 % B84 EI s %# k) ET, 5% 7T H p’ = a f93R(7-207b) 3R45

I A
6 5 4 -3 -2 -1

0
0, 1%

(a) 5o

01 0B
=5
-10
-
§ -20
T
i
:
30
40
.
o 0 0.1

v=sin@sing
(b) SEHALREE (21 —1)

729 —AHA7 D =100A F/D =0.5 (R3S BRI I 24 2% , i {0 F AU
PR T, BT A BARAR T CRASP 3™, A B30k [43]
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o

0.1
e
g
S o0
E

0l 0 0.1

v=sin0sing
() ZEXBALKNM(EH—K)
50
R

= ——— s

FilE, dB
S

(d) b =45° 1351 P B SE AL AN S SBAL T 61 B S SUBRARMR AL L S B AL 11K 26. 3dB

K729 (%)
EI=20 log[E,,(p'=a)] = =FT-L,, =

El = %84 (dB) =20logC
ET = ih##iH| (dB) = - EI

- ET(dB)

(7-208)
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310 FT¥ wEAA

FT = SR 4341 (46 1 42384 ) (dB) = - 20log[ F,(6,) ]
L, = EHRHGHERE T K (dB)

1 1 + cosf,
15(£)Z]= -20 toe[ 5=

D
BT L, IR K F/D B T RREY MR SR E . 5 F/D 1.0 460,25,
EMO0.5 B1LF) 6. 0dB, LI 7-26,,

S R A A TT LA R B R R MR, SRR (7207) BRI D4R 4
Ao HK, SRR —FR IR 7-1 RN M BB M 2R TF LR, RIS TR XTI
BN IYERE S RO HP SLL & &, T LAXE op MEREATHR(E o O 80550 5 4 R AE417-8
WA T EAESCRR 6 ] ThA TR HA , B 4% U 4 A0 69 A, AT, 3
HRL6 1 3847 4o & BRI I 2%

#17-8 —428GHz WY E R 5388 K &

BT LB, A — N HAR N 1. 22m (41) f 4 X3 B0 9 18 & 5 88 K48, 16
28.56GHz |- (A =1.05cm)  #E M0 IR S DRMES. ERAA F/D=0.5, ER
U 4 ST S22 AR SRR A U, A 119 349 7 AR R TR FE S5 ) 0. 2mmm . AR
RESEOL TS BB SR, H AT 4 ARANSTHEAF o 1508 7 16 P B A REHR fER
JRIRIG A TR T PSR BRI A 3 FR ey, %5 T 1A K (7-209) i
TRI B T FE 9 B

HP=56°,  BW_,, =104° (7-209)
th(7-185b) , WIZ G388 hLo BIR IO M E R 0, =53.1°0 H1 F BW _,,3/2 =52°,10dB
SVETEIL S 25 ko BRI U Ty ) PR AE S R AL B B 11dB, B FT = 11dB, i
(7-208b) BRI HARK SR L,, = 1. 9B, i (7-208a) , AR ET =11 +1.9 =
12.9dB,, MG EI= - 12.9dB(C =0.2265) ¥ 4E K 7-1 PEAMEEN . XHa4F 7
WOV R AR A )

HP=1.214 —,*;:u 599° (0. 605 Hfitfii) (7-210a)

SLL = -30.5 dB ( -28.5 dB il f#{i) (7-210b)
TR, S A A A IS AT . AR 7-1b (0,0, C) i th IS¢ 4 1 P 0 7 -30 5
o MR HCBET It T 0 0k (0 75 ) P, 45 ) T o 0 AR 0 160 o 38 2 ]
H7.6.6 PItHET .

=20 log[l +
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HP; = 0.605°
-10 1
@
2
=
=
K T-20 :
®
=
_285dB
-30 1
4 \
~ ! /-~
v /e L
2 -1 0° 1° 2°
6./%

730 %45 7-8 1 TAEAE 28. S6GHz (Y 42 1. 22m H9RhXIFRILHY 10 S A 2% E
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R R EARENR,RBI i, () BRAERRITERGBHERT 151 <L2A,
WL R TEST KA. — NI T LLE S AR i, () 3R, B A
WA T «

i(s) msz%
is) = , (89)
0 sisk
AR (8-6) XML i(s) =t —MEMA B f(w) o TRESA s RN i,(s) ™

A HER T 8 A £, (w) o
) A4 4 7 1) PR ZE A w A 5 R 7 1 PR A BN D iR % (MSE) , 3R
BN RE . BT R (89) H i(s) 19 f(w) B RE
MSE = f_ f(w) fy(w) I*dw (8-10)
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JEACHE L SRR A i PTA O7 16 E RR/N o BUR A AR R BT AR 8 5 i B
FEA] LK R BRI BN SR 2
Bis1 BRARENEENHTRES

B 6 B —RRIE B 1, B EEOR(— PRI R) K
SIS, N, SRR 1B P FEE AR A P VAT, 4 X B R R R AE R R T R
K o 4 0125 )5 e S5 £ SRk R AT 8 (RER) B L MR — A
BIF, SRR E

1o _{0 ;sf;c<0$cus"('—c) (8-11a)
BRERM
1« '”)’{o ;1';‘ (8-11b)
fo(w) TEM 8-1a AR o R (8-8) F1(8-9) PRI AR (8-11b) ik
i(s) = 2c"“(2““) vs|<2% (8-12)

QISR sin () /% SRR BEART , & X0 B2 e R D7 11 B ) 7R R (8-11)
BRI, HEER(8-6) , KA (8-12) ySLhRIy 1 Ky

/(w)——{S;[ n(w+c)] Sl[—*n(w c)]} (8-13)

e SRR (F-13) BIERLBSY, T A w) 5 b7 AT LR H SRR SR E
ME AR, A c=0.5 F L =104 B94EA FF18 i 8K Oy 1o B 2E 18 8-1a . 30718
P AR M T 2 43 DU 2t , ARG E BORTE M A0 o ERE EWOR LR TR
J 161 B 4 5 BROMARAR ) UA B A TR 550 . 4 T R X 19 2 K 5 R 5 4 O P 3
RIS, R (8-12) KRS EAER 8-1b

i(s)
10,

e

w=cosd -5 4ANA3 -

1

|

1

| |
| |
| 1

L O\ VAN |
-10 - Mos 05V 10
(a) G4 I B (SR RO 5 1) B ( R4 (b) RS

EI8-1 100 KELWHILIT M A B EREG A
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8.2.2 HEXE -FHREHE

EREREATTT 1 AR B 07 8 10 77 2R R AE B U K T T VA, BV 7 1) OB
BRI — % % (Woodward — Lawson) J7 ik REWAT BB . ERTHERR
SR AL — L SR BE R AR AL R A A

L(:)_ 4 ”Z"", |s|52£A (8-14)
AR (8-6) , X BL ?ﬂﬁﬁmé}iﬁﬁﬁwlﬁﬁ
f_(w):a_Sn[nT(w—w")] (8-15)

AR RAE YK Sa(x) XA Sa(x) = sin(x)/z, SR A E K BKMEN o, Hp L
FEF w=1w,, ER(8-14) Py FAE R w, $200 253 B O 1) B KA RO A, L 980
3 4 0 B AR A, 5 0 5Bk 16 PR ERO B BE o

TEAHE IR - B BT kP, A TR 2M + | it AL A

i(s) = Z- ,’<1>_72 ae ™ (8-16a)
ef
w =g, Inl<M, lw,1<1.0 (8-16b)
AARLF Ber B 1
S = 300 = 3 asofwbo-u)]
- n_i”a,Sa[n(I’\%u—n)] (8-17)

FEHEEE w=w, =nA/LF f(w= w,) =a,. P77 ALE AR (8-16b) B F
AT IR w, AL SR RS o, K, 7 E N BRHEE O % T
SR 5 B30 3 16 P B £ <

a,=f,(w=w,) (8-18)
AR - B RG A REN A S TR, EFTLR w, =AM o, 8770 BRI R
M DR (8-16) A HL I,

PERE, B AR AR IOR: A O BURE IR Aw = A/L, UAETRURE 210 77 15) P L0 /2 B
Kt Hy, BN (8-18) A7, (R AR 18 - % ARIOH ik AT AL B R IE . SRR FORAERI 47
B2 AT LUK, AT LR 2 A R R BTG BOR Oy [ HE4AE e th F AT IKVE LR 2, 9F B
Aw= A/LRER2M + 1 (9I%HR 2/ (A/L) B M (IR LA
182 BiAEENEEXE - FRERRS

AR A 104 K LR IR R KT - B B 07 Bk & 6 8-1 ML T . R
$a, = fo(w=w,) FBFERLE w, =nA/L= 0. Ln X305 (6 EBORE, JLIE#E % 83 44
o HUBAFERRR , ERESE S (0 = 0.5) BIRBEAT %N 1.0.5 R0, fla,, =1
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HHBIN T, a,, =0 HUMBAN TR, EAGH T HPREE 0, =0.5, X
(8-17) L2 7 [ [l F 3% 8-3 P A BURE A BT, S5 R 2E P 8-2a o, JRURE AT AR
SR

#83 104 WEBEXE - FHRER S EE(F8-2) B BMEEE

B R I 1o PR

n w, a.

0 0 1
+1 £0.1 1
£2 £0.2 1
+3 +0.3 1
24 0.4 1
+5 £0.5 0.5
+6 £0.6 0
+7 £0.7 0
+8 £0.8 0
+9 £0.9 0
£10 £1.0 0

T B - B Rk M9 BUREAFHE, R (8-17) RN h X UL B w =
~0. 1w, = O HYFIDEURE BRBCNPE 8-2b iR o TR, 24— DR R BOy BT, 55—
B BB X RGO AR TR S o 53 4b, 45 /1 IORE o JC7E B LR K (L 8 =2 5
HORFATBURE S5 w, = nA/L 0% o MR BT RN TERLR w, MR ERE 7 B 5E 4
e F A B Sa PRBOHSE . SRR - AR IR R 4L

TEREPE 8-2a (FELAVKHE - B FRvkFTA 977 60 P HL P 8-1a 900 B0 25 6 0 BTG 9
S UF M RS R 6 B (RE TR IR R ) , IR 16 P A S 1 10 IR ORI 1o X
ST O 160 PG T AN L BORE 7 8.3 3 R AR

et 107 AR T ) A o 43 A FE PR 8-2¢ A i BRI R(8-16) 1 EIMY
5 P 8-1b 18 LIS o A L S B AR DL R0 A AT SR 7 D £ B
AR AR IR KA A | BT AR AR A & R A 0o o T 8-1 A 8-2 i 0 16 P
B BT 7 60 R 2 0 A ) A5 3 T S AR T O 1) PR A L O, 5K
S| F v AR R T 7 1) PR HLUE R sin (s ) /s o

B
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~f I w=cosf
-10-08-06-04-02 1 02 04 06 08 10

(a) GEAT I (SR Pl Sy 16 B (LR ) o Vo A5 WP L FUBPE (2

w=cos@

1.0

(b) IR 0, = ~0.1 Flup = 0 MBS
i(‘)l.o

(o) XERLF4E T FIE BRI
82 101 KEWRMMMKE - B & amErme
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8.3 %M&ﬁm%mﬂ‘u%

FEAT Ao 0 % R BE B AR B A48 B SO AR IR - B Rk X iﬁ/\i
BT I B A H RN — W B R ROA SR - B RRERKESE P
XL o FEBEHIX BT BT, SR T AT S5 A I I R B 4SBT

X RIRIEE R d 1 2 SRR . R L, KRR M- R LT P ARKRIR
A, RERETCAM P TR EE(E P= 2N) RABR P = 2N +1) . M FHEET
B, BETTLE R

z,=md, Iml<N ’ (8-19)
#P=2N+1, HNKEETR

flw) = 2 [t (8-20)

R i, RRETTHLIL, I HFFRA w= cos 0, XA LR 5K (3-54) M.
ot FRBEE T, e B

zm=2'"—2_'17d, 1sm<N
(821)
i = ~2”‘7‘14d _N<-m<-1

P = 2N, AR TR

flw) = 2 (i_e —n(2m - 1) (2w +lmemzm.nwn~) (822)
P ¥,
HT SR, KRR B AR SN

L=Pd (823)

s SR TR A5 3 TE RO L , I LB A8 T WA TCAL ) d/2 IIEM .

8.3.1 MEMHENE

4R, ey ) B R ST 20 T ) B R 7 A ) TR T J2 42 1 A TR B 357 4 11
25 IAVARES WA 9 R JCHL LR Lo It PR T 4 3R 7T 5 15 4 2 AR AR 1R 9 T X
PEAT , TF B0 SR O SR RS 5 A LT AR AR L — A% (8. 2.1 4) o A T S ML X R
KRR M A, B SEXRER Iy ) PR B S, (w0 ) FTAEIR ) - A/2d <w < A/2d JRFFIR
(L

L= 3 b T
Kep

(7]
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d - —j2am(dA)w
LS ACD dw (8-25)

WIRA d N FRBELMERHATTHER © = cos 0,0 RUKHMENSERMAE, X
(8-24) i FIA A R A KIREETCH , BRETCR TN b, MREREIR T o

LR, TRBETT AR R KBRI , (B R (8-24) BY B BT 4 T AT X4/, () )
R

fwy= 3 b (826)
TN SASAE P B e 151 BT 9 L AR 54 R R R R
i,=b,, Iml<N (8-27)

FRA(826) 5(8-20) A B STHIFEH T4

LR B e R PR TR B R A, % T X390 B 1 R 4 L £
BORH b, M7 (8-25) FRk o ARk B T ke, W 74 B A o B R 00 2 0 1 PR ) — I
4,208 B SRS A R T M BTER IR - A/2d < w< A/2d MIRERBNYTTRE
(W (8-10)) o MFFETTEBE N BB, (d= 1/2) , EKBRIFRARK(-1< w<
1,880< 8 <n)o

RVRE 9 4 SR RT 4 B (M BR TE RO 450 . FEBLINR T AR M OBCR BB I

4P o
P O M
iL=b. = %J:Vzﬁ(w)c""“""”w“"dw, Sm<-1

PR, AT B R (822) Gill, YER RN B FEITK, R (8-22) F(8-28) &
S WO E O RBURTT B f(w) = fi(w) o
5183 B HEENBENHANERE

b T (B T S BB £k Bl ¢ < A/2d, T (8-11) b BT O (51 PRI AE R (8-28) 72
A WO L

I sa[n2m-DL], 1<msn (829)
iﬂ?x‘z"i‘lﬂ‘iiﬁ}&ﬁﬁim.iﬁ(&nm‘lfgﬂﬂ TR
f(w) =2 21 i con m(2m =) ] (830)

IR AFE R R 82 PR | MR
Fe=0.5, d/A= 0.5, FETTHCH20(N= 10)wFFEWEL, BEFIKEN L=Pd
= 10A,2X(8-29) e v A% b
=i = ySa[ F2m-D], 1sms10 (831)
X T 8-4 P, BRI TR (821) BRI MMCA R . LK e
TE3(8-30) f9 77 160 Pl A 2, 74 QP 8-3 PRI T
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#8-4 BEABENBEHRRREN 20 TEEKEE

BLERERRE ST A B A A (51 8-3)

TS T W H
m 2. i
+1 £0.251 0.4502
£2 £0.75A 0.1501
+3 £1.25) -0.0900
+4 £1.75A -0.0643
+5 £2.250 0.0500
6 22,750 0.0409
+7 +3.250 -0.0346
+8 £3.750 -0.0300
+9 £4.250 0.0265
+10 £4.750 0.0237

1wt

faw)

w = cosf

-10 -0.8 -06 0.4 0.2 02 04 06 08 10

1183 x4 20 BT, A/2 [RIBE AULK NG B SR A OREIR T (418-3)
AR 1] ) S — T

8.3.2 (HMEXE - FHREE
LR AERE RO PSR B - B RO L SRR - B B R ARMI( 1L 8.2.2
W) o TEREFIRITOLT , 25 A R TR TS A ) RS 2 A A A A R X 02 <
foy = 3o, RLPAI = ) (2r/2)d] ery
e Psin[?(w—wn)(Zn/)‘)d]

Hep BRI

a, =f(w=w,) (8-33)
TR
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w"=né=L/LA, Inl<M, lw,lI<1.0 (8-34)
A B T AT MR (8:35) it
=t i., a,e PHLOm (835)
SREEIE £ S AR R AR

618-4 BEFHEHEEXE - TREIRE
X (8-11) ¢ = 0.5 BT Jy 6] B FRUGHATER &, IR AT 20 B35, A P < W] B
MR - B HREE A RER(83) BHAIRN w, = 0. 1n, BB, BEEAL
EABREE S 5 8-2 MR, EN14E K 83 Syl T . 76 (8-35) i FlX SefH AR 4 X
(821) IR TTAL B 2, 185 8-5 MY REMEW M. J5 () B AT DL (8-32) iR A K
18 - % FFAA, BURBER (8-30) M E LT3R A8 i, 3R xR T BRI BL A1
[376) 8-5 WBFFIBIMA(8-22) fRA . %77 (A E AN A 8-4 FiR o

%85 BKAMENEEEE - FRERAXEEMETERNLE(58-4)

HILH L Ss W
m z, i,
1 T 1025 0.44923
+2 £0.751 0.14727
+3 £1.250 -0.08536
24 £1.754 -0.05770
5 £2.250 0.04140
6 22,75 0.03020
+7 +3.251 =0.02167
=8 £3.75) -0.01464
29 £4.25) 0.00849
+10 £4.75) 0.00278

1 o Yol P2

05

L
~-1.0 0.5 0

=cos@

1.0

8-4 20 J&,A/2 [BELE IO RIBIR 1 - B RRELR AR T (518-4)
ey B (LR ) R 75 1
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8.3.3 EREBHMEEEMLE
KEHORTE B R Ry 161 A = AR R0 o B K3 5 E AL R . 5%
MXRA SR, $8 ¢ SLL EB N FMX tiR (8-36) 2 X
I8 37 M (5T (836)
p S LV
TEERX LA N B f(w) FE R R E £, (w) MFEE AR R R, EETR
XE X H

SLL =20 log

R=20{max\log|f'{~((w7)>H} dB (837)

TR T 9 2 RN SFI X 2 R D8R, RO L BEIK . FEVF 2 B o (s 1)) e
MR T RBIZMK . b TG E R, 5 AR B R A T,30% L
T= | w.g =ty | (838)
P w0 w,. o, TG AT 1) BT 28 ) FELJR BB AR HE 5% 90% 1 10% A1) w fiL
X T 0 B 4 RO 16, A AN ) B L K o A X P E 5 R B S
sty b PR AR AL
FEAH AN — Wi MORRTY B 4 A J7 R AR 5 0 SLL, R A0 T AT H
B, 41 8-1 B 8-4 HBATEJ7 61 EE SO T2 8-6 o, I oH AT LA HUL A58 10 150
)0 (RAIRTE - B Bk (AR AR VRO IR ) 18016 T 7= A SR AR 5 R AR A 10 T2
AR T T — 5ot O B B HERE o AV IR, 00 S 0 9 72 A ) 35 0 P 0 MR AR Y
2o (BN GUBORAE MBS MK RO T RBER TR, RIS X SRR

£8-6 RARMKAEEMLR(c=0.5,L=104)

wF FMAF R it 28

ik ESS) £ me SLL(dB) R(dB) EBX.T

A«!Eﬂ(' 101 23 81 §1a 219 0.83 0.0893
£

it 55 101 £ 82 82a -29.8 0.27 0.1303
PH

LU 2052 EE 83 83 -22.6 0.87 0.0941

BRI E
it S 20 5t A/2 [@BE 8.4 8-4 -29.6 0.27 0.1343

Bk Bl

B
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8.4 RS MW7

BB R BMIERE T i R 7 1) B R R R oA . T RS A
A ERBRRGAGA LR FE A R RF M. AT mEARE A, W0
X RUBERGER S, EA P e PR R E A 1R RSO R ilR
K - BHE R (Dolph — Chebyshev) 75 1 1% #) ( Taylor) R )y ik X BRIy 54 BKE
BAR N RFF MR R, A GUERK - RIET Rk,

8.4.1 jHARK -ZLLFREEE
1E3.5 WK TSR LM A LA, BRIT Y i A RL S .0
TGS /N N B, S5 e P/ P B SR . E K B B0
FeP, B SAS S 0 UTSSS DR G BB B 0 55 9 o S R AE B AR AT 1Y
D7 A R o BRI IR R, 55 T AT AR, RZ AR
X T E HF F , EM IR REA . AT A AR IRk,
T HE T % I BE A S LR RE , HL R BE 46 F R T B
TE 4030 AR B ) R — 5% e VA A T L X R RE S 1 55 R
i FL35 A MR &4 o 3R K (Dolph) " AREI S L% K ( Chebyshev) ZIARA
PEASHE, SR AT TR A S, RS T R SRR T A, B AT AR A
T4 e R A4
Chebyshev (B 3 “ Tehebyschefl” ) BT RE XK
(=1)"cosh(n cosh™'1x1), x< -1
T,(%) = cos(n cos”'x), ~l<zx<l (839)
cosh(n cosh'z) , x>1
JUMEB 25308
To(x) =1
T(x) =x
Ty(x) =24 - 1 (8-40)
T,(x) =4x* -3x
T,(x) =82 —82" +1
N AP F A E]
T,. (%) =2aT,(2) - T, (x) (8-41)
Sl 34 6= cos™ x FlH cos md JEFFH cosd HIFEIRE, I, AR (D-13) Ty (x) =
cos(3 cos'x) = cos38= 4 cos’ 8 ~3cosd, TIRTy(x) = 42 -3x JLABTAEER
8-5 1,
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T T
6 T,
5
¢ 4 T3
3 !
I 2 ./ T,
7, | Ty ANl

P
7, 18075052075 | 0325 20570757 10
R S

/ 2

T 3

E8-5 RILHREMA T, (2),T,(x) T (x) Ty (x) F T, (x)

ST e A0 M — 0 T B A 5 A T AR (8-39) T 8-5 78 5. BRI Y %
TR, B T, ( -2) =T, (x) ,n R {8, T A RB ZIAN A MBI T, ( - x) =
=T,(x), n A A WA (1, 1) 0 EXE -1 <x<1, ZTANHERT
=V 206, 3 EARORIRE 2 1o ZIAMPIA TN BT -1 < 2<1 A,

BB REFRARIR x| <1 PSR 2 6 S5 BT A R A5 HE . 7% e
B Z TS ENLE S TER T, BABSIMERT AT ALIAT ., REHR
B2 H 8 K Z IR 2 6] 3K 2R T S o S X PRl ) i S SR it ST (WL 8-2)

i =i, (8-42)
X HRWAR T (8-20) F(8-22) L SHK N IE IR T

io+2iimcosm¢ P HAH

) = (8-43)

Ziimcos[(Zm—l)%] P %%
Kby = 2n(d/A) wo WHEN T (A HBBE P) R cos (my/2) THIHN, m 35 ¥ 5
P, B —% cos (my/2) HyTATSEIEE 1 = f0 16 T AR E) m 1) cos(y/2) )
o B, HER T RR N RFER P -1 () cos(y/2) I,
il B o F g Z R ATE S, R T AR T R TR R

x=x cos"g (8-44)

£ =T, (0 cos%) (8-45)

Ed
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SR FAE P LA cos(4/2) BYRRRMSTIR SR T HICE, X FASHE, ERR
KIERTE 9= 90°F ¢ = 0 B 7=
HO, FRA(8-44) ik x = x,

HERBBAME. TRXMN 6= 71 T
0°ZEfH E] 6 = 180°, B ¢ = 2n o
(d/A) B -2r(d/A), XER s “r
BRA I TF & =, cos (ndA) , 24f6] ¢
R gk i R v = 0, X ¢
BT d = A2, 7 WK TP F 3
x=0,80=0°% g MAEZ 2
x, (CERBCAAE ) B 2 3, 7 1 L)
#ilEl x = 0,3 6= 180° (LI \ x
8-6)0 210075 9.5 <025 | 02 O'W 10
I 5 10 L (R AR BE
PR E MR RO (8, B B8-6 RHEXEWK T, (x)
S TR R 1 (LA 8-6),
XAEFMH TR I/R, B
SLL= -20 log R dB (8-46)
AR (8-39) , i E B A HX(8-45) B
R=T,_,(x,) =cosh( (P ~1)cosh™'x,] (8-47)
RE T 2, 45
xn=cosh(P1_lcrrsh"R) (8-48)

PUAEA] BB BT . X T4 E WML, 7T A (8-46) Bh5E R, A (8-48)
] o WUGHER T a0 (8-45) it} BRA AR (8-43) FLERM AW A, W
ol A (8-43) ROBE IR TP (8-45) B S HL TG R BWRKM . G AL BT
185 FEUHH . TR T IUABETER KA, FR A7 o K 74 51 L A LE B
{Bf, B 2H HEMEARRIIRME" .

MR K - ST KB i B X S B A SRR T ARSI Oy (. TR
AT TR , TR R 6 11149 1B RS A BRI ) o SERRIBOT R AEIR
* - BLER RN FREA EROE. AR T RKARE RS
4035 IR T L AU s ARG TR R0 M PR AR B o 4 L5 1 RO RE R 4 T , 75
s T PR TR B AR P T, 48t T B 0 RS R R R IOAHAR K - RILE K

@ D SEMRRALN | AT R B TR K - RHE R RRRE, XA R -
BT S HHE,
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e S5 AR By — s R Rk R R

-1
cos” —

d, = [ ——1] st (8-49a)

d,,,:%[l-i;ljf-] smat (8-49b)
o

~,:cosh[ﬁ1n(k+ /D)) (8-49¢)

— AN NI 25 SR 2 W A< FOIBAE 18] BE , 3 554 P03 51 T A 19 O i R AR
19 o BARSRAT IR T S B, e il S R TR R, A T 5 BT A R
AR IRV ST fl (BB A A R B 0 T ) o

— RO T 8RR ~ 3 HO T R R G 2 2 AR B BE ol 3U(8-50) 4R

HP:n-zws"g—; st (8-50a)
HP=cos"(I -;";;) syt (8-50b)
Rp
cosh cosh ™'~
Wy =20 | — L [P ! ] (8-50¢)
Losh[-*wsh ’R]
At F R B RTE R R

HP~ /%1:.(21?)% st (8-50d)

SR LA AR A T4 5 R 0 BOR R R TRKS , B HP~0. 886A/L, BiK
R TN

bap = /l;ln(ZK)/&SB(: =0.637 VIn(2R) (8-50¢)

WA (8-51) AT i3 (8-50a) 3 (8-50d) A 37, B 4 th IR 84 0 10 ) 4 D AR KRR
BT :
_2R
b~ rwp o)
ST TP 4 SR AT R T — R Lo 39S b, % T SRR 0 S £ 7 1 A4 0 4 A B
RSAMFN. 308, FATF IR (8-50a) 3 (8-50d) 24 3h 3 T HE R 24 7 A F38 A
FHAAMKRHR(8-51),
FE AP T4 RS R (R H B T, B2 th AT R A0 O 16 4 (A ) AT — 4>
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FE KRS . BEXTFEREREF A SXEAENER" . XHBRF
SERREY, H HER7 A A 5 X SR BE A 6 BE R
#18-5 5iTihst. -20dB FWMEE HBEKEAMMERK - RULBEXREHE
F S HHE(P= 5N = 2) RER(8-43) HIER TH
() =iy +2i,cosys +2i, cos2yp (8-52)
Ky = 2n(d/A) cos §= meos O(d = A/2), AR (D -12),cos (2/2) = 2 cos’
(¢/2) -1 AR (D -14) ,cos (49/2) = 8 cos*(y/2) -8 cos’(y/2) + | ERFA
Bh
F) = Cig =2, +2iy) + (4, = 16i,) cos” &+ 163 cos* a (853)
Al (8-40)
T,(x) =1 -84 +8¢" =1 ~Brloos’ & +8joos & (8-54)

AT TR (8-44) o BUTE AL HIES K (8-53) FI(8-54) AR BUTUR BUR %
AR B i, AR cos’ (y/2) T,

=5 (855)
cos” (y/2) T2
i, =4i, - 2x) =2x - 2x; (8-56)
FHhiE ) TR(8-55) o BJF— M th
iy = =20y +2i, +1=3x —4xp +1 (8-57)

FLHUE I T3 (8-55) (8-56) o Mt x, Jev , AL WLAALH 58 & WE T, 1 T3 i ¥ SG bt
F(8-46) FIHESE () - 20dB 35 v P A4 X 5 JG ELAR S0

R=10"%" =10 (8-58)
RIG ¥ P=5MR=10fRARK(8-48),
x,=1.293 (8-59)
FR.(8-59) , #il#E(8-55) &K (8-57) ,METCRLHL A
Q=i ,=1.3975, i, =i, =2.2465, i,=2.6978 (8-60)

AT R = 10 B SR A — B S . XA & TR A — 19
H1:1.61:1.93:1.61:1 AUBLHIAM . 50 (8-60) ML FALA R (8-52) F=A Jn P 8-7 B
977 11, %7 T B S g AU — AL 0dB. HRHE K (8-50a) R T R Ky
23.7°, SCAWRT LA R4 P 3-23d iR e AR Oy 1) P PR T SRR B ARGk BUS I E
BT LR TT B HETT 2 (3-93) A8 . XEF e, 37 R

2

)

(8-61)
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T T
If (w)l, dB
- -10
=20
- -30
L 1-40 L 1 L
-10 08 06 -04 02 0 02 04 06 08 10
w=cos@
P87 5 6.A/2 [EE . —20dB 5 T MR RK - R
B[REGAMERT (F]8-5)
$18-6 10 5T, -30dB il FROMMRIBARKX - R BWRWAFE
# P=10 FiR= 10"V RAR(8-49a) 185
d,, =0.4292A (8-62)
T U SE
1:1.67:2.60:3.41:3. 88:2. 88:3.41:2.60:167:1 (8-63)
T34 H, 3T A B A 4 B T 8] £ AR R
a= -Bdeos(0°) = -154.5°7% 4

TP 8-8 SRR T B, ARAE
(8-50a) , 1 THERY 24 ) S FEHE
57,589, 1fi 2L (8-50d) 45 thh T X {6l
L 7.67°, M J7 [ A fig 18 50
(8-61) HRRETH3E, BALE A T B
< 1 B 1 2 G, 1 D AR, 32 R
(8-51) LA & HP,,, = 7.58° (8
7.67°), 48 1 D = 15.00 (=
14.83) , HiHE R (8-50b) 75 it 5L bR
ML F FBERE HP,,, = 29.8%,

[%18-8 f18-6 slifty 10 I , - 30dB SFHHLF IR
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8.4.2 EBHLEFE

BRRIBIRK - FLT R R 005074 T 8 B0 18 AR OB, (B % 35 3
AHRTE RIS, SRR FARRME . WK Q 1, AW L
fE o EABRRAT LR, R E T — MEE S F R R, 5 ER L
G548 L R A T T RV 2% R PR OAE , SR T 7 A A AR G 1 L, LT 8.4 10,

MXRERH B —, SETH F RSN, RWREERENEBR T M. E
MERBN, RN EEEARBUERETR, BUERSHR T, (x) EXE -1 <
x<1 BAN -1 ANEEOPA " T F x| > 1, RE S, B sl
MR T RETRE BN IR Ty 5 B R, THRN ERBAAE ~= 0 £ IR
HEMEFM. B R R RPUE

Pay(2) =Ty(% -a’s") (8-64)

Kb o REH IR
x=%cm9:%ﬂ (8-65)

£ 77 1y B K A AL
Py(w=0) =T,(x) =R N (8-66)

HHEMAFMGILAL, R (8-64)7 N = 4 BHOOBIL U 89 FR , 2 8-6 975
B

Py(x)

LI\
v A

B89 RHBREWAMBIIR P, (1) = T(x%-d's)o MEF
118-6 W FIIEY a = 0.55536 Az, = 1.42553

WIER(8-39) EFMEA
Py(x) =cos[ N cos ™' (x, —a’%") ], Iz, —a’2’l <1 (8-67)
LB RS BERK EHFRETF (2n - 1) n/2, B 2 BT
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5=t /z,,fcos(z%v—l)—n,lnlzl (8-68)
RPMESATFEAMLTFE = ff«_, = -2 K. EEBX,RER(839),
Pyy(x) =cosh[ N cosh™ (z, —a’a*) ], lx, —a’s’| >1 (8-69)
Py B E BB N R, RAEFE« = OB, WA (8-65) Fi(8-66) o 7EEIMBMAMB KM
(8-69) 753 ,

5 =cosl1(lﬁonsh"R) (870)
FFERRFIAWT I A
=Leosh 'R (871)
T
E i
% =mh% (872)

J TR MRS, T4 N TS K, AR P R MRS — %
B, KRR A XETFRM N %, = cosh(nd/N) =1 +1/2(na/N)*

@n-Dr_, 1 (2n-1)m\*
cos oy 1 z( 2N )
TER (8-68) XM R R, 1B 1
1 = 2 1y
s e A +(n*7), Norao (8-73)
pribuics
"=;2W (8-74)
L NI — A AR A BE
R A1+(n——;~) (875)

FEEETFR « HETK, RAHEBNR «, X 0l - o3+ o TURAET
(v - %) WRBER. BHx_, = - x, FHER

,l:.l (#-2%) = n [x’—A’-(n—‘?)z] (8-76)
H(8-76) 7k x = 0 ALIF 18}

] _ cos(m /& —A)

Jx) = ] cosh A

nf'-
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< - A
1 )’
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T
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FHEBRE—SRAT R ERFRMGAXLER, £ (877) R AR (8-65) F
(8-71) 18411 w FZRM I AN

fw) (8-78)

HERHREEBRAM (0= 0)3— FEFMX B - 1/R~ 1/R ZIFHRG . XFTAH
w, R (8-78) PR M FRIELIN nwl/ A, FILH EE P HT LA ER w, = £A(n
-172)/L Box,~ = (n -172) IXBFEAIERBERAMAE . EERFNTF v <24/L,K
(8-78) AR K R R, Y cos (j6) = cosh 6,5 (8-78) TR I {EMFR N
fw) = _cosh{n //:0’; [m(:JA)w T}

T R AR B W R R T 6 B B A YRR, A TT A5 R P AR B, A
(8-46) F1(8-71) o ARYRSE“ BHAE" (0 RE ST TE 7 1 ) 2 7] o s F .55 B %5 S5 i &2 7
AEFTRARITIR, TR KB FRA TRA M )%, Tk FAERTR TR
AR,

BRI IRM — RIS IR N R, 09 B LA 5 T N 5, L 5%
REAEN T IR SR RN T B E R BB R MR AR AR
FRIRI T 10 IR « R AT AL E R (8-80) itk

1
2 —_
={tu [A &(n—z) Isn<n (8-80)

tn ns<n<®
XF n<n, BARR(8T5) HEBRBRBERT AW o fFo HTF 0 =0 HEFHR,T
ST x (LR 3 sin(nx)/nx HEERE LRI = £ n,n=], EHEEHITEE
TS sin(nx) /nx 7L 35 08 . AEHOB U o I E R (8-80) WY AL R
ARG n=n WAHIFDRSE, B4 H

_eos{n /T(L/a)w]* -A"}
R

(8-79)

Ea—— (8-81)
Jel
U\:\‘.(S-BO)Bﬁiﬁ,ﬁ{ﬁﬁ,ﬂmﬁﬂi#ﬂl&ﬁmi‘ﬂlﬁb
sin nopp 1 - (/x, )?
S, = =2 1] T ()’ (8-82)

x = BAP A5 RAE R B /R BB x = 7 4 1/x 360 Fi w = cos 0 IR
J5

flw,A,n) = (8-83)

A7 1 FLE w B AU

sin(nlw/A) ri 1 - (w/w,)’
rlw/A 34 1 - (Lw/An)?
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w, = N (8-84)

oo R (8-81) Fillo

SRMNLR IR A 7 1) P SC R L — R AEIRTE — BB RTI fE. IAEAG BT R
EARAEN, AR B AR BB RIRRE 5, 8 56, TBUE BT 76 8 S T A L R
BRRITH

i(s) =2 2 ae B hlsz% (8-85)
R (8-17) , MR I T =3
fw) = 3 a Sa[(w—%n)%n] (8-86)
A B R #5E R
ol = %n (8-87)
TR B (8-88) , A (8-86) M T5T RFF A4 R B )7 (61 BRI (LI RE 8.4.7)
a,=flw=w,) =f(n,A,n) (8-88)

LR AT 1l =7 b7 16 P B0 A% T 3R (8-87 ) HYBURE B, B WA X (8-80) , X4
Inl=nbt x, =n,Kw, = (A/L)n, X,

a,=0 Inl =R (8-89)
£ (8-86) L FHI5X (8-88) 11 (8-89) , 44 thi 7 1h] Pl ik X
flw) = 2‘, f(n,A,n)SA[(w—wi)i—n] (890)
MR (8-85) ;ﬂmmramm‘m
i9=2,, :i_:f(n,A,n)cos(2n 7)) (891)

RMS (n, A7) WEBRIEH WAL x =n 0 <n BOREEL. ERT0R892) 1
El

2

D i -7 ni<a
fln,A,n) = {(,. 1£(T';' - H( ) " (8-92)

Inl=n
0
RIS —n, A7) =f(n,A,0) o RRBHHRGCHAET(13, MR ZERHURK
(8-90) FI(8-91) T % MYEK IR 7 16 P AN HL ¥ o
T B SR AR SRR e IR AR (879) 143

%:lkcosh(" JF (Tw",)T] (893)

7]



364 #EF Rame

SRR
wyy = tﬁ[wosh"m’—(wsh"%) ] (894)
i TR SRR R T R
HP, =21 =22 (cosh”'R)? -(cosh"%) ] (895)

AT H B y =60 -90°, Bt w = cos@ = cos (y + 90°) = ~siny Fly = —sin 'w,
HTFEBRRB A FPORFE N
HP, =164, = Our, i) = 1Vur s = Vi
= Isin " wyp. —sin wye- | =21sin " wy|
=2 sin"{Lin[(cos}."R)' —(msh"%) ] } (8:96)
R w0y, B 0, S (8-99) MIBIMR, IE BRI RIBR T 1R (8-97) At

HP,, ~oHP,, (897)
EE -]
2n
HP~2 sin"{i‘-‘;-[(cosh"m’ —(cosh"%) ] } (8:98)
H87 -25dB FWM A= 5 ) 101 RHHRR
S LU
R=10""=10"" =17.7828 (8-99)
AR (8-71)
A=1;mh 'R=1.13655 (8-100)

RIGIRIEA(8-81)

=1.07728 (8-101)
A+ (:i -
WFEF A R o B0, B AR «, B 1 20 (8-80) V1 th 3K, SRJE ARIE R (8-92) WU R
WX AER 8T R T o 5R(8-87) WER LR I th T & Jr ol B AR 5 IAE
I 8 -7 RYBURERLATIORE B B4 4 2 (8-90) A (8-91) it 9, 18Iy Iy 1oy AN
P AT 8-10 Bk o X 77 1o BRI 35 90 ) 55 98 36 L0 4 A1 8-10a TR ARHESN
(8-95) E1(8-98) , T EH TN
HP,, =0.0978, HP, =5.606° (8-102)
il
HP,=~0.1054, HP=~6.039° (8-103)
FEMNS T, EAR AR IR B S BE R BEE TR AR DA TANPES- 100577 o
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87 187 MRMERORFEMBE R (L=101,7=5)

a, =f(n,A,7) .
),
n =f(n,1.13655,5) }

0 1..000000 0
1 0.221477 £0.1
+2 -0.005370 £0.2
3 -0.006621 +0.3
+4 0.004917 0.4

If (w)l, dB
HP, =0.1054
-10
)
20+ 1N

il Wi

-10 08 06 04 02 0 02 04 06 08 10
w=cos

(a) GRIEIE
020
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02

ligs)

=%
(b) BHSH
810 -25dB 35 = 5 ) 10A REYLRH(H8-7)
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8.3.1
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8.3.4

8.3.5
8.3.6

8.3.9
8.3.10
8.3.11

8.3.12

(a) #5245 w B BRM, PSR | ELA A ARTE 2 07 15 B DA BB  07  B
(b) Tt 7 7 o L B MR BE A AR 6
THEREAIR (8-24) it B BB £, () WA o
e RAER(8-25) P oM B M G RIFBAR
FIEMRBOEGE— BB H A, TR (8-29) BB TR EER,
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(a) BHERETCALB AR,
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ARG B S 40T A BURESE B — M5 5 g (¢) AT MEHR RS [BIHURE g (m/2B) EH N
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VR R 1A T B SR R P 2-18 R Z, B T WL, R (9-10) ik
FAR K R AT AL KRR, 3 HRAE R A, s i S BUR tHLA V/m Ay (i ) A
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9. 1.5¥ ik
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LRATHIR F SR AR 1938 R AP AT — LWL o
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&Fﬂiﬁiﬂ%&{*%ﬂﬁﬁ,ﬁ%ﬁé&%%ﬁﬁi%i&%ﬁ‘iﬁﬁ/\ﬂ%%ﬂlmﬂi
ZH, R(1035)FE 2 = 2, STTHAHA th T 164 m MISE AR, B 1, 09 R5E
JEAE N ANDCAC K bR o 35 0030 R AR EL 6, AR AR R O R EWE
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10-11 3§ iH#Y, X SE U0 RS A ASM I R B BB i T 2 i — A M F . B, X T
z #z, FAR(m=123 - N)WHAREFE. NYHEX L, ROTTH SR
AR FIE T 0B R R, EOCERAERE R LA EIWR . ELRAZERX
BRI ELOR AR ESREAAE, UBCTRSER BB EAT . RlRR
THER 10-9 BB SIGARRE, 4 N i (ERIRZ 1) B4 RE TRERA L AR
o

1.0 T T T T 10
08 B 08
£ 06 A g 06
s =
a o 1 & 04
ﬁ 04 e
< 02 1 %
X ®
g oR r 5 ©
-0z} B -02
04 % L
. . i
0 0.1 0.2 03 04 05 0 0.1 02 03 04 05
i 2L gy R 2L gy

B 10-11 HEH— kgL R T (0 — N L AR T A Bkt
PR RO & AR, P i SRR UC AL R L B

FEAUAR kv R 1 R A 4 A B INEUP 3 R S F A B T RATEN
10-3 sy SLR RV A , AR A IATBU 0 Ty R A%, B
J’W,,(z)R(x)dz:O, m=123,,N (10-36)
PR W, (2) BAE A S SCERAR B 4 50 (10-35) {RASR (10-36) 174
- f; W, (2) i 1,f(z,2,)dz + ju; W, (2)E(2)dz=0,

m=1,2,3, N (1037)
HNSRAL R BN IR TE ( Dirac) 8 BR¥L
W.(z) =8(z-2) (1038a)
Mzt (10-37) Wif R (10-21) o H0RAL RN kb ok 3L
W.(z) = {:) i{;ﬁ Az (10-38b)

A5 (10-37) R
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} 2 L[ ftee s [ Ea=o,

m=1,2,3, N (1039)
BTXA
z, = J‘Mf(z,z',‘)dz (10-40a)
#n
V.= [ B (10-40b)

iR AR (10-40) BB A A B HEAR FREAG - LOBH S 5AHMS
ZA(EAR) AT, TR SR L P HEETE, ol R E 5 TR E
B N AT S AL BR AN & BR MO A (K B IR A0 A o SCRR b X RIS AT REARSL,
FT AN BRSL, LB T 0 e A 1 o T R R B 2 ( SRR R 30) M6
AT el 2 i I BR ORI R B0 [ RS AR S A LAGHR R IR AT X R — 1
[aa1] WAWIBARM G, BAEN LR 07 ik, A BOR S 4% f 9 B 50 A6 9 R T 66
B, 3R 5 R T R BOR 1R 19 R B AR B, S e U ) B SMELHE 10. 4 7 BBk bR
BETCAR . 24 R FF B S AL BRSO RIR | 3200 72 % M A 4w 324 ( Galerkin) o, E 5253 77
TR R
$1102 FEHRFOMIEE
A 9 B A S P B b R B 6 oR ROk R B 10-1, B R 10412, T X
(10-40) f Bk #ft - Rk vk BR BT & (R BELHTSE R Z,,, 111388
14.42 -89.99° 6.14289.97°  0.759.89.76° 0.206289.14° 0.087/87.98°
6.14289.97°  14.42 -89.99° 6.14289.97°  0.759£89.76°  0.206£89.14°
[2.]=10°] 0.750£89.76°  6.14289.97°  14.42 -89.99° 6.14289.97°  0.759 £89.76°
0.206£89.14°  0.759£89.76° 6.14£89.97° 1.4/ -89.99° 6.14.89.97°
0.087£87.98°  0.206289.14°  0.759£89.76° 6.14489.97°  14.4. -§9.99°

FEF 1V OER AT , ARV, ) RARAERE 1, ) 53500

0.011 £ -0.280° 0.49 £.89.57°

0.089 2 -0.034° 0.91£.89.66°
[V,]=[0.791£ -0.003°[,[1,] =10°| 1.38 .89.75°

0.089 £ -0.034° 0.912.89.66°

0.011 2 -0.280° 0.49 £89.57°

53— Jr T, AR 1V () & T e e sah , 0

020° 0.49 £.89.57°

0£0° 0.91£89.67°
[V,]=|120°],[1,]=10"|1.52,89.78°

02£0° 0.91£89.67°

02£0° 0.49 £.89.57°
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z

B T S
M 12y s R
- Rw
/
: R R=R(2)
F @)
T T
+ g

D)

s
"
I
by

2= g Jr 0/ oK@
Az AZy

B 10-12 HHAEH 102 REGIR T Z,,

TR S NERAER S 10-1 PAGERER R, MARRATT AR 2, )R, ]2
AR, B EIRAARGEERN, (LIFREEbTELTIATF N U S B
B, a0l 10-1, % T 185 — A S04 R SR N (Lo AT HURSR MR Lk
FH ALK Z, =3. 162 - j724Q, Tt F 6 [BIBRR, Z, =2. 526 - j658Q, % N =25
B IBHAL Z, =2.35 - j556(0,

P 10-13 B8 T KR 0. 47A BXFRIR T4 A B BT R BOME | 45 SR R A B SRR
7 SR T K o R T ER OR B A ER BB B0 . S5 10-9 AL, AT T R A Bk v
BUERMH & AR R AR, I EL R ol — Bk o R 02 X EL B o — & BB 020 X
IR 2 (R IR VR Rk rh (] R ) AU FEF B AP, IR 4 i
—HE, 3E 8 AL L5 PR TR Mt B R E o
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1001

S —— o
A ===

Ry

80/ \/___—-—--
L=047A

[ a=0005k

MARMR), Q
& 3

0 20 70 0 10 20 30 40 50 60 70 80 90 100

30 40 50
B (N) SHELE(N)

(a) AR (b) WARH

P 10-13 X v 38 . (& (o) B U A A5 00 ) 46 A BEL BB £ B 3
ki 4 3%%) 38 ity St £

T RIATINFITE 10. 4 57 7 AR B 45 AL A Sk B3 i ik 5 6 T R M 45
FRRBERRNK . N T R A — LS OF 5 R 10-14 BRI SR FERHE
BT ARSI TR

R(1) =E, (1) +E,, (1) = i LE,(1) +E,, (1) (10-41)
bkt
me W.(1) - R(1)dl=0 (10-42)
HitH
L Al./2 Ala/2
A j_m W, (1) - E(Ddl+ J"M W, (1) - E'(1)dl=0 (10-43)

m=1,23, N
BT RRALE AL R (10-14) BIE R, AR n A TF BRI 2 1 18U 3 RO
K E, (1) i, W~ SCBLGUERF5 mn A5 R TOH) — R

-
Z,.= VJ‘ W, (1) - E,(D)dl (10-44)
wn
ISR RS m R EETT R
vV, = fﬂ Ww.(1) - E'(Ddl (10-45)
wn

b W, (1) R m MR R, BT G 10412 FiR 9 FLRN . TRk, IR
O AL T SR (LA 10-4a) RS T R (10-44) F1(10-45) HAEF R KT
PER TS R R MR T A b, FRATTRE 76 A B S D 30 b 1 4 B Bk e T
B TEHINR M. 2R BRIFEB R RRTEEANTH0.01A HFL,
X A2 K R M i A R B XL R ) R, B AT R R A R



10.7 fEREe5AEMRETE 4T

R

B 10-14  SPBUA G A

P4 T ERBURTF ARSI 1(1) 4R AR (10-42) M MALR BB A
N A ER N AT R L R SO YR Rl R R R T nRIRAT
CLEAT PR, R AR T AR R . W SRR R AR B & BRC, %A
PR R A W R & ke, Xt BEIA A S e B (collocation) o B ISk 2R 18 X
(1025) B AALRGA R . 0 S 0 0 5 R T o0 8OHE IR 9 35 A BRI S R i 7
Sl Aok, §1102 BLA T Bkok - Bk ok B NIL & R R A — LR T Bk
FRBCE EL B TE R A R BRI, AT i — LB 10.8 W ehihig. ZERVT — TR
APHS RS ik i B 53 S PR AL BT« R B PR RIR AR T 1

10.7  HH 5k IR 55 41 PR AR BT

FEACBET T JL Y b A0 9 R 2 A G T B A R 6 7 2 R 5E 4 A Y
(40 FEAR KR R AR, LA 10.4 50 BB B BRI L) o AESCRRVERE R
A1 5 S PIAMB R R E . H— A Y ERARR (RN ) , 11 53 — R 5E SR ¥ AL
PRI ) o ATHEH X PRI o

10.7.1 R

£ 1954 4, Rumsey 3| A—FR g B2 (reaction ) {49y 7 o X0 ik ( ik A
A R ) , BN R 0 (A DR O T — R 77 o Rumsey (9773531
WT BB R RER, T (10-43) bR R AT S KRG I RS TR
— R IS. TR RS T A T A (LA LT R R R AT 18 B, MR AR
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FRAFAT SL PR A , PIAERT— 9 CE A BRI B 07 2948 T 5 (10-43) , RATIAE
X LA IR HEER ) O

A ER—AES DR AR . R, SRR AT AR R
(AERBO R — Al FARA(10-44) 45 1 W BAHURE ETCRT A AESS m A
AN n A RETF R BOR 5% Fr R (O S5 2 IR A 1 — R H R, TATRE, X (10-45) 2 m
AL FE R R TT AT AR R R 5 m AW S A S Z B RS A . B0 iR 2K (10-45)
B, FRATAT AR TR A3 m AR5 ASH G R, R X TR (10-44) 1y
WL, AR n A PRI L 5 55 m AW BE L R SE” o

1S TIEA PRI (10-43) o BT I ARG IUT 45 H 56 Bk s AL
AAREAER 10-15a TR A 10-15b P SR, 2 (.., M) Sl ik %
W EE, (E, H,) BRI 5. 0 L0 SRR LE B %5 ) 58 41 5 ik
(E',H') AR (J, M) Bt

& &

(a) WAL TN MLERART S Jyidy 0 OB RAFLE AR A T 72k S Shit 35 (B H)

® &

(b) il S pIHIMABES A 2 P FRA (", M)
P 10-15 75 R RE P i 9

2230 (10-43) (98 TE R
[ B =M, s+ [ E -M_ - H)ds=0,

: m=1,2,3,%N (10-46)
5 M, EHER BT B4 9. 4 45 i B 5 3 FORAESE . 2 (10-46) i) B il B A 3k
{17 AR AR 5 A O 3% 2 R 0 85 2 A RN (BB A . BARXH
[FIF (10-36) BB Fefth o AR ERE, H130 (10-46) 55 i f 55 — e 9y FH A8 160 A1 2 107 466
AR A TR AT R B E B AR SCRR AR BN
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INFIRATHE SRR S 0 A RIF EB SRR N (B, H,) X N HZAR
(B, H') RATAT S th)™ SCRGUE RIS m 4T n FURERETE S

Z,=-[[U. - E-M -H)& (10-47)
[, RATATS ) SO SRS m DMERETT
V.= [[G, - E-M, - H)s (10-48)

P 10-15a IR TAMNER J AST7(E', H) AR T S EWR(RIRENE) ,
SRR TR S AR BB B W AL 1 7 (KRR A BT ) o R (10-47) F0
(10-48 ) e {3638 3 R A DUG B LR AR LR G5 A8 I ARATFI o

10.7.2 SERZENZERBRE

AN i o 1) — R K 1 5 — R R RN AR A AR ¥ o SRR 7 9 0 TT E SCRR
R EIC, HE—AR R, CREA E R IEE T h T RAGER, BERH
HEWLo ST J A M ERTEAER 3 AR L AT b — 547 X R I TR 4F 5 78 i

Y R AR VR I T G R R v 35 9 ) 160 3 it £ R VR A
W hE, K&

0=E, +E,, (10-49)

Kb B, RARHIE T RS BT, T B2 0 TF Pk LS RS B ASE
o ) ) Bt o B ARTRATT TR 76 I R R P41 60 o 30 S AR, AT A 4 AR ran

#(10-19) U5 BN TR

-E'=E' (10-50)
I XHF
L,(J)=-E (10-51)
FRAVT A B FI SR A k%8 (6 AT IO BEK S T 7R
L,(J) =E (10-52)

AR L T, p BT AR A 1 B R B o B B SR R ORI T R
T (R I SR o AT IR L, R — M TR T BT .
T4y s 0 P, TRAT A A SE T 5 S, B 5 — i L, B R SR 1R
175 ] A R TSR TR R B . 95BR L T AT T — PR B T BT
FIH— AL E TR . IR — ), B B — 3 —
TR, A—AERE S LI L, E RN IR F, F, F, - 5 T W61 R
B(fireRBO T B
J= 3 ILF, (1053)

ECHCES @RIV £ 8 ’nﬁfﬁiﬁﬁﬁﬁﬁ;%ﬂ&u #30(10-53) fRAR(10-52) , AT 48

(w46)
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L( % LF,)=F (10-54)
R L, BRI, RA1E T
> ILL,(F,) =E' (10-55)
UL EBR IR R T — 5 RAE L, BB E X — AR W, W, - RIE#
AR
> 1AW, L,F,) = (W, E) (10-56)
YR, R W 8 BRI, R (10-56) 28 K A RE ML, T R W, = F,, I (10-56)
il £ xA (R 10.6 7)o M FMLLEREX, AIEH
3 L(F,,LF,) =(F, E) (10-57)
P RE AR R SERTAR B 0 S i, TE R B F, AR B F AR, B <F,
E> R—Afrit, Eil3 S B RES F - E BB SR 2R 2B K5
PIBE SCRLIH B T B 2 A -

(F,E) =(E,F) (10-58a)
(aF +BF ,E) =a(F ,E) +B(F E) (10-58b)

pUES
(F* ,F) >0,0| F#0 (10-58¢)

LUES
(F*',F) =0, F=0 (10-58d)

APy o BB Mttt « TR,
BRI (10-56) S &AW BL, TRV AR 72

(Fy LF)(Fy LFy) o [ L [ (FGE)
(F,,LF,) - I (F,,E")
: ’ S (10-59)
Iy (Fy,E')
R E B RR
[2,101,]=[V,] (10-60)

FRECAEARRUDRA AE BV A 0L BT LA RS 10T
(1) JA— L3R PRI R R, 0 T 1E L, B3P o
(2) B sE Al 1 PR, I X — AR 3
(3) AT RBL T RAERE TR
(4) fRAERE BB BIA R
£ 10. 8. 1 9 s I PEAH M X BT A IR T IR
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$110-3 10.6 FELRERBFRIENBE

AU E T e MR AT R MR (10-40) B AK. A
. (10-4a) .

z,= [ F.afGzz)d

s
S = = [ F(EKGE
it ‘
Zu= [ P [ [ FGOKG &b
T
R BAETF TR

Ly=- J’M K(z,2')de'

V.= | F.(2)E(2)dz
s,

VR PRI AL T AR (10-44) F1(10-45) sh TR MBI~ B9 B, (BRI E
G T SR BT RS SR P LA bR

10.8  Fo¥RE SR EBE E

0 P e A TR T 43 AR A B
(1) 3T I A P BEAFHE ABR A TR F K/ s SR (n s dit vk (Bt
A B SPEAT) B O R X

(2) 430 Rk R o 55 R AT

(3) et AL ¥

(4) il # SR pe s AN B a1

EATF /N5 AL ik o p B 0 E SRS (1) AR I SEEL, TS — /N T R W R4
SRAUESE i) T ()8

M (10-40b) AT Hy

10.8.1 H{BRFEBINEY

AE 10,5 Fl 10.6 55, Jok v o 3508 412 B8 FF B3 80, I o R 80 58 AL o 8030 PR AR B0
o KRS T ENRE TR BFEARUR BB EYE, BRERS
Sh— L RPN RN BN = A R (RN
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L(z,,,-2) +1,,,(z-2,)

J(z)={ Az, e e, (10-61)
0 Fft
PRIEN 23
Isin B(z,., -2) +1,,,sin B(z-1,)
J(z) = { sin Az, HE A R (10-62)
0 Hfth
SE A6 A R
_ A+ B,sinB(z-z,) +C, cof(z-3z,) =TE Az, P
) _{0 i (10-63)

A Az, =2, - 2,0

Z I B BTE Harrington ¥ 2 R AR 1A A48, 36 T R IF s R AL R 3 (i
T aRSR) . ZMBRYUNIL S RAXEMTE MININEC % LM FLAPRIT " o

4 BRE 3% 66 MR L B Richmond FIF S RLRUAY 7 B G HST & ik b ™) X s
O 2 R R UAT S A R B IR . [ 10-16 430 T XFR{R TR
TSl £ , FLARE U IR A HER I @

20 L=0472 ]

0 5 10 15 20 25 30 35 40
N, PWS FEHH

[ 10-16 AP R KABL TR 5 BE R (PWS) ML &R FE ) s ABLSUMSR A+

P61 10-17a T 4y 4 B IE 3% R0, A6 WA Y BOR E SR X3 T 1P 10-17b B
s 4 BOXEBRAR T, 24 (R LA FF o B, 551 O 5 A 48 R BN X o IS (BRTE
£) 5rBUAC SHR o 1ER 10-17b o JEH T A A RRERA B E
A BB AA AR RIS SR o 55— i, WRARIR—FE B A i
AN BB e B AR R — R
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1
Zn-1 kA et

(a) STEVESKIIF R

(b) TR PLR L0 LR R TT B
P 10-17 {4 307 9 4 B I B FF R B 687

A%, 4E Numerical Electromagnetics Code 3§ NEC % F¥ &t i fl T IF 5% 47 {f1 s
DA K 6 AR o

fead £ LAE S, bR B IR B ROV B £ X TFEMIHE AT LIES % R
[161[17] 9k H], BRMIIEHEEE 2 B % BT AL B AR L b G st X T
B g (A ARG RATA T EAIRSL . WXL S FROL AR AERE
LS HORE ) S B , 01722 T AR I AR B R — R X SR R B (I = F
T B4 BLIEBK R 7E N AR R ARAOZE AL A N - L ARSI R (5 VANt
AWK GFERGE) , HIALHE N -1 A RBEEE N RFRML L (REE
10.13.3)

10.8.2 SLENAMBRIBRITE

HLI5 B4 7 B (EFIE ) i) —FpIE R RAE 10.3 WP B SEARIT . 55— R Mk
' fEAb IR E B TAE PR MO R . ST 2 MMRR, SRR

B f:: [jomat() _ja:snalvg:'l% Z—n:dz' (10-64)

R 7RI 2 IR P i 3 AR AR 30 48 B0 (151G 10.3.3 #110.8. 1) o X FRIE
AT i TR T A S R, 3 R R W SGH B AR T RS B A,
L4 K R IT R RV PR B T4

—ANE R YA IR KR KA AR (Hallen) (9 TAES H ) (W[ RE
10.8.2) o z MR KRIGRBS HEN

451
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L 1(;')%&' = —#(C,cos& +%sin[ilzl)
AV EMOEE,

WHE R B R, IHE H I AR B AR FRERER A, X
FA NAKEBHVE, LA N+ 1 AFE, B C hRAmE "™, #1104 5
TR R LA RS , T 10-18 £4 T 1oL Rk b 2 FF RO & AR BB R X 2R

(10-65)

T T T T T
1
\ LA
sof | 4
a \
Zeol \ 4
) \ L=0474
§ \ a=0.0054
2w \ 1
& \\\
20+ SN X, 4
. \ . B Srinled
0 20 40 60 80 100
N, Bkh R B E
#10-18

LR R T R 0 G G Y2 R ) AR HE

6110-4 TR TFHRE

APt B AR 2 [ RIFRIRT S BB o R IF IR BRI A RO T R . R
AERN

v
Y 1.2, +C cospe, =V, m=1,2, ,N+1
&

K

z, = j“:ﬂ %::d:’, v, = —jztyvAsinﬁlzl, ¢, =,"17;—'r:,
sy R fa(10-11) . §8 €', TiARR C, HE K Jfik i b FRHAR K 3038 LT B
TRUIEREL 2., ) B SRR, X T mo£n 1) 2, AR5 RBUABN . Hm = n B %
TRARAZHIWBL 2, B TAEF N o VT IE A BERAE 154 Bk vh SR 300 o L, (HBESR
JBTF RBOHE AT, R TE e {3 AT — A VC R A, i — 2 EOR A X FRIR T 9
A — NGRS (LI 10.8.2) o 30 A P A IR T3 S L A2 KIE,
{5 R HE MOk P SR SRR , 3B T AE R BRAR T o A — M IC AR

XHF—A0. 14 4, 24424 00051, KA 3 Bk oh R IFF MM IRT KK, TE th
WTFBEE(RMEMAT C)BASER
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[ Ko zx(..ml

RAPRIERE( Z,,, ) RAGH 52 (roeplitz) FEFE, FH N +1 510
Z', o = cos(Bz)
FIFWIERETT Z' . B AP LR MBS R AT BN B (L 10-19) 0 X
B, X TFAE R 948 R F A 61 F S8 IERIBEFUERR
3.83£ -3.13° 1.08£ -11.1° 0.51£-23.6° 0.9820°
1,082 -11.1° 3.83£ -3.13° 1.08Z -11.1° 1.0020°

z,.]=
(2] 0.51£ -23.6° 1.08£ -11.1° 3.832 -3.13° 0.9820°
0.40£ -29.7° 0.69, -17.4° 2.59. -4.62° 0.95.0°
LR
3.46 £ -90°
04 -90°
V,1=10"
L. 3.46£ -90°
5.15 2 -90°
z
BRI \

BT
[BLEVE:

2 LREA
P 10-19 X4 10-4 AEIRT 9 Z, 3

453
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426 BI10F RE#CEMEEE
SRAFEIG B MR

0.84 £89.45°

1.98 £89.69°

0.84 ~£.89.45°

9.41 £ -95.02°

WM LRERE CHE, EAE LR RERLA . AR 1.0/(1.98 X107 £89.69°) =
2.75 - 50400, WS AR I RET AR 3 4 MARBUE R 2.1 - 4890,
5M20n° (L/A)° BFRFAB BRI AME 1. 9740 HHE .

[1,]=10""

10.8.3 HHEEKNER

IAHG S E S f A AT LT TR BR B < (1) VAL T BT AR 1)
SENLERER, (2) X N AMERETTRR R R G BT M F HEEARE
FERATRE LW/ T B —AREI AR . AT It 5 TR P o 7 R AL O
T R NN TC T B TR , B R AT A SRR A iy RS R/ —
A EZRH(LE102) . LRI — Fit5Ead EEES AXTT .

—ANE NANERETTH T ERERR R N YRR . B N 5 P A BRUAE B A A [
WA (T AR A A0 9 860 OB, N, I A 5 5 ) TR 8 A 11 3
B, FRDITH AHtE ¢ i 3CIR 11 ]IE L4

t =~AN* + B,N' + CN’N, + DNN,N, (10-66)
R SHEMI YA XOEF AB.CHD R

A= FHE— A SRR R T B 1)
BN = X} N YRGB ERERE(L,] = [2.,]7[V.] R
(2,101, = [V, BB E
CN*N, = $d7(2,,) 7" [V, ) BHEH [V, ] PATHBLE TR 1]
DNN,N, = MA[1,] 535 B od e

FER (10-66) 55 — IR E B o FTRFRATA A AT il o 56 R 390 KR A9
FPERR, @A RRL AN Gauss-Jordan 3 Crout %3k , ZEANBLT B,V — B,V 3efi]
#

t =AN® + B,N' + CN'N, + DNNN, (10-67)
SRE ACH N AR SR AR AT AR AR AR BRI B A 6 AL T
WML EE,
1SR BH U MR FE S 22 R (I 10.8.4 45) , ) BN —B N AT
t =AN + B,N** + CN°N, + DNN,N, (10-68)
FE%A A — TR I R A AR
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243%.(10-66) FP S LR Vi B S AR, 5 358 1 R T T 7 B (B A S 1 5
—WUER EBEM, EERT RO/, RIOGEERRE - TILHBLS AR
(10-66)) = if 0B 7 B9 B Bof ) 9 77 2

10.8.4 FEMFIZLIERE

e AR [ R A PR R HE R T R R . E R N TR
W (10-66) FHEE—TAIE ZIRAGRW . 58N 103 MESL, WRFBKEM
AL WA N AERETE RS A Z,, | E 17, s —17. Bra b iU
FATH—REHHP . HANEM T LGB B R R,

70 =2, s m=2, n=1 (10-69)

SRR RE M S 5] 4B I, T WOR I FG % 51 2608 B (6 TH VLR 1Y AR SE R R AR E
BN ERE R EERIEE . X TFHEWHI 2, 50 (10-66 ) s 1 3T P 53 5128 A
AN F1 BN, 2. (10-66) {4 i TE) 9k 4K (10-68 ) f i ] o
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10-30 +h K742 1) Rk BT DA A SE B VR R AP AT AR, R RSB A 21807 . 7T
S, T BRI KRR , UM AT I et AP TE R o

10.11.4 NG

LA, TRATE LA BT R B vk X KR M BRI o X2 F 1 RATI5E
BT LA, S — R I T T BRI AN BLE R R R R TT Y
LA BB R AR T A AR 07 e B o 5, B v BB T 45 R ST AEAT
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10. 12 R H LI

KBTI A T P BRI, KRS, WA, REST % BRA
AR ES TR M A BETTT B KR R Ba . 3B R b
BT, RRATT FURHE T SR D SR RGBT AT LA A7 8 0 R4 0 R B R
SRR, (AR X LR A ] 1 L2 6] O A R, M T R
AT RS R A B AR A R — A RO R 55 , (LR R o
BHFLAET

HFFRRRATH L, % A 1031 R
45 Thevenin ) 3 eb B 1 2 1 4R LB B9 86
WOERTS A 2-18) , TEULHET,Z, = R, +
PXRELMZ, = R, + X, SR, V,
JRAe R R R 6 F B ELFE oV, 7 BT TR
SCHRL29 1 HRE 5 A ST RLIAI R AR
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S b, R R KA R, Bl 1031 KA TR
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J7i AR (RS 29 ] R (10-101) RIEFR(9-10) . HIEE 5 #, HRLH
RBAMKESRFRF MHREEHORBEBE b, F RO 8RR T XL
lipies ¥ )

E'= -j L, (10-102)

“igh
Kb r RRLBIME KRR
FFR(10-101) F1(10-102) HEIFF5 58 Xk Helt o i) IE 5 R 7 A 5T 8 IE 16 62 Lo
ARIER—Yi, FREKETH TG

1,(2,) = ‘27‘22 (10-103)
REFIR AR ESE X, AT KLU 515 0 3 5 8RBT B IR B R
E(Z)-E(O)—ZI((;)E (10-104)

Kt E'(0) F1 1(0) S SIR RN T (2, =0) MU SIS 0o SR ALK
A SH T E B R EE M, KR S A & A A X King A Harrison'™ 76 H
G4 e LA AR AIISE B, Stevenson™) 3, P £ 336 A1 Hu'™ 57 Al L B RIS AR 46 & 1O
FE RS, Abaroni ™ R4 T HAHHHIITIH, Creen'™ i ith TR FHHMARES
LR8O 4 R B4 S5 e Collin ™! 0 Hansen™ 44t

H(10-104) RERAFIRRE S RBEWIFRER . BBE Green'™ Frfi
WG, 4 2, = Z; (REMBINSIE) , HRMBE E'(0)

B £z 2K (10-105)
R (10-103) , %64 Z, = 0,854 Z, = Z; ,—HQ
1(0) =Zzﬁ[(2;) (10-106)
FRRA(10-105) 2N
E(0) =E(Z)) + 2-1(Z))E (10-107)
\
FERRICAR (10-104) , 18 B Green fHEAFRRA
E'(Z,) =E'(Z}) +Zl[z; _ZZR:ZZ" ]I(Z.')E' (10-108)
A W+,
wE
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il



10.12 R&HFRAED 445

SRR T 5 B R BOE L I e R R A R B

R (10-109) R 1(Z, ) E' )T, FRNESH X 44850 & AAE RS M RE
(RSP E . M RRIPEILARA BRI R 7o X—T 5 BREX LR RBBHGE
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10.13.1 LR
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S A R IT LAAS B — b A ARG R 4 (I 10.8.6 ) , BB AT 2
R AT ]9 4 BB, 7E 5 Ak A IR AR BT 4 BURARIRI 0 (BR T A4 & 977 16)) o IR
% 1(2) 5 b T , 75 A AR i HELYE 43 B L L A 9 W FEE VARS8 24 4 % o 8057 BRI
FEGEIT AT N b =0 A BRI B, DA 7 Y LM ARER AT . & M R RS
AR LR B L A ERARRE . TR, TS

iZ»,=El- k=1,2,,L-M (10-112)
BRI o 2E AR 1 43 B b L D SR AR S R
L=l =Liom = Lieanm (10-113)
R (10-112) AIS K (W 10.8.6 )
i 1( LX; Zijow) =By k=12, M (10-114)
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524cm

1039 TRBMMRR T, B TEFHE
FREE IS Z — B

R (10-114) B 0 A2 B A0 34 FRATT O 20 ol 0 A S0 K B M, T 5 B 5 4R 4 B MO
L M, LRAER . fEREER, BRH B DLEAT B 18] 2 b a4 AR i 380 B B
(XF5PBLSH—FE) o EMCALHTIHIE M I 0 B, L 364820 10, M 9 170, BLF T ik v 2
(8

R (10-114) (72 MFTRIX B B0 B HE (B0 - E° . SRR T 0 R%E E'. X F
HART B 10-40b TR ILMTLE . IRRATAR B &, 7148 28 10-40b
I ) B F R 1 A S ek s

ik, s .
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)

(10-115)
. i8R, P
FE, =-‘—29'!Z§m[ (z—H)eT‘ - : e cos BH
" 2
_J:Z—e"’sin BH +l;$e"sin pn] (10-116)

MRS e FEE R 3R (10114 ) i) 5 3 195 2 7E (B0 8 A 2 TR b 49/ DG G A B 8 A B



(452 F10F REEH CEM: ¥4

BRI E. Bk E E RIS ARERXMES o

1(h)=111sin (H - h)|

(a) W5 BIHRE (b) SRSMBAH 5 FIA R UERC A R
1 10-40 &l 10-39 # [B HE AR HHILRY

SRAR T B4 L ORI, AT DL o R B T B Sk S B B - SR T
WAL, XA B BOR G — D D EEE RS WRBETR AR T SHE
LR FR (3 A AL FL TG A SR K A L A o X F R (10-114) B (10-116) 7 L =
10 AL, R IR A T 111 = 1. 0A I, 7E 10 R F RN BRK L 1B
11=0.1A, 3X 11 ANHTE BT 2 3538 006 AL 7 S0 78 K i U R 22 T8 5 T AR I
EHEGR, AR SRR E R IR Y Bt R A PR (AR R AR
K (10-114) FEY—4) o

5 T RIS R 10 4 R Fe A AR R 0T BRAE , FIS8— MR Z R T
AN LR M, BE4EH 5 R 10-40a o BT R BRI o 944 6N S A SRAR B AR 1)
S MR SRR T 10-41a, SRS VA0 10300 Ak A 00 (L 11— S AR R PR
HR T 10-41b, X455 R— M 47

4R35 5L FT LA ) M FLAR AR B T ok o A0, R R T (B AR T LR A
A A 55 R K 0 O AR L S RE T A TR e AR TR P U
EATRF — M SEN o SRETT LUK 5 B4R T O T A PR % Rk R XY BT 2



_ 10.13 kg messest 453

FRBOTE 55— FhO7BR AT LATE 4% F 9 BEF 0L el FEUR, AR ART E 18 3L
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10.13.2 ELEREHE
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TR SR (TE B1HE) .
T 1.5 Ao RATIRE] T BRI B B AR (Green WP . EXE, RNFTELTBE S B
K. *F TM %%, iR R
VIE, +BE, = jop, (10-117)
AFE, =E,(x,y) o BHRMIMA
E= -BUunp (gip -p'1) (10-118)

Aef HY BB % Hankel ¥, ERRSMAAEEATE, ARG T e B
FI—HE . RIBOT TR AR (10-118) ZERE BT E AR
El(p) = —%zjjl,(p')li;”(slp —p'1ds' (10-119)

PR U 10-42a BRI J AR ETZEATH o
MR AER A A (10.34) R (10.36) LU 6 AR, TRITMIB
IitA
Ep) =B [ 1o B (Blp-p'1)de' pEck (104120)

K EL(p) RE A, T FEHE R, R (10-120) AT 5K (10-1) M
T o 0247 K o FF o6 380, W0 BELAL A6 R T

2, =B [ B SR O ) e (10-121)
o [ T N
Vo =E(x,,5,) (10-122)

TR P 4 R 22 T OB 1 el 28 ) £ 2 e WL B AR, A2 7778 F [ 10-42b BT i
FRATIERL R o
TR CHBUE T, A B EIT R (10-121) o AEMEZBSBAE R
HU AT IA R BB T LA UL ) — Rk B . SRR 86 (GRIRORLRE A0 ) 061
B Y35 SR Ac, ERPHHLTETE J A, BHREAL . FRY m # n, EERARIME
BT HIPE 10-42b TR () HLUE 4044 AR, AE AR R , SR 24 S5 AR R 7 p R o
2, ~ T80 HY (B /(x, =%,) 7+ (7, = 7.)"] (10-123)
KT8 2, B 1R H) Hankel BR¥OH — AT BUAT A BT AURIRRAT (9 07
SR, BATTisE R Hankel B5% Bt Bp (/I it 3k 2R BRI AR -
Y (Bp) ~1 - 21n( %) (10-124)
Ay = 0.5772--- 1 Euler ¥ ¥, 71155
Z,~Tpac,[1- —-1n(yﬁ§° )] (10-125)
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Kefte = 2.718, BIATT AT S A, (ET axk B AL A 2 FF o SR A o 0 7T g0 B S
I i Fak s (BN SER) o

¢, e "‘S LRIEIESHE
(a) HEfRILITESH (b) BRI TR L
P 10-42 U6 R A AE RERR AL (K 483

X TFFEBEAS EL = e Ak L0 2 R JLE RAER 10-43 Stk ERRX
CTM) AR A B, P AR P R — 0 JLP %, TR 24 355 WA R — s i B B —
LB IR AR SR T o E TE SRALR LK AR

BT R I TE D00, TERCNT O T AST 7 AT T B 1 o A5y 6% , JRATTHG R
TR B 75 (MFIE) «

Ju(p) +2- Vx [1,(p)y(p.p")de’ = Hi(p) (10-126)
20 T T T T T T T T
y
16 ”
Y
1.2+ H, s '/ -
SE | <
08 |- ,/ =l
/
%
04 L2 —_—bA=10
= ———-b/A=025
P —— o
0 20 40 60 80 100 120 140 160 180
o)
[10-43  TM BRALF FAURERK L RIA LR 8]

153 (10-1) R AHL ARt BATE RS 5 P P 55853 75 78 (EFIE) R, JX By
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SR SMBHIRARGT . FRER(10-126) BIAARE - RXBN TR, X0 H
X FHTRF M G — B E AR, B R AR P SRS TMOBELR 5
9. AR IEANERAIAEALER T™ W5 o 7 B 9 6837 B4 7 X K F ik Bl B 2 41 P
TR F AR RS, @5 FEARTHSRNOLE, 121019, K8
LK AR SR T SRR b AR PR R 0 0T UK e e B R A
B BHERRMAFRARS .
TS F N BRI 4B RSB R, RATE B H 8 2 it
J HBER A B T 1 SRR BRI SME R R 0 SRS H RSN H, I Lk
HEMAS 0. TR
H=H +H (10-127)

B4 H =}'7v A, AT

Hp) =2+ Vx [J,(p)d(p.p")de’ (10-128)
by B AR AREREORT T A6 AU HLE T J B % AR, HIEFRRTOT
MBS TF RS J,. E,

J,=-IH,]1. (10-129)
P ¢ FR H,IEIFE SRR R TS ¢ MR, %4X(10-127) FIFHELR o i, A1
A jif AR (10-128) F1(10-129) H i
I(p) = ~[H(p) +2- Vx [ 1,(p)u(p,p")de’].. (10-130)
R ALR G i~ SR NRH R R, R TR, TIAS 5 B R
G, 7(10-130) BN HIEAUND B HTE ¢ RS, I H Green ¥
SRS R T BN STRUHE R R B
#R(10-130) BE R

1(p) +[2- Vx [ 1(p)H (Blp-p'1)de'],. = ~H,1.  (10-131)
155 Bk o IF BB & BLR B TRNTRES th
Z,, =8, +H.(m,n) (10-132)

A 5, J Kronecker 8 B¥, H,(m, n) HTE(x,, y,) i Ac, LM PARMHEHLE " L
(%, ya) SHORES &
H(m,n)=[2"Vx L. HPIB /(" =5,)" + (¥ =30 de’]..  (10-133)
MR ST BT AR, H, (m, n) RET ARG F R, BR, Z, TGRS
HEFAKIIR
H|.=-H]| =-

PR A T Ak 3 Ao FL O, T

1
5 10-134
) (10-134)
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Zmzl—%:—; (10-135)
KTHHE m# n @ Z,,, , BATATLIRLFILL T EARL, 2 Ac, <A A (x, y) EEE
Ac, BH , ZBAHMBE MG T Ac, POMRRBE R, TR,
H(mn) =5 U8 () (10-136)
Kb SHOURARR FRER N S IFRE T REEIRRE. BE o £p Mn
Z I A,

H.(m,n) :{;—B Ac,cos H® (Bo) (10-137)

A HY Jk B Hankel 880 2 BOH A RN E 05 76 4 BR R G H0RAE AL AR
FABIRG . XTSI p #8K o, —p, | H cosd B A - R KB,

=LaPe (10-138)
Ip.-p.!
R (2, , ) BT (5, 7,) BBGIR R, BEXMT m # o, RATH
Zo~Lpae, (i OUD (B1p.-p. 1) (10-139)
X FHiAT i m
V.= ~H(x,.y.) (10-140)

X R R (2,100, = [V, J0R A% a7 18 5 G AR O B e oo F il
ST o R R B J R4 AR P 10-44 4310 IR X ASTHIREE A — /9.
YERAT T TE ARk, hTE B AE Y SRBARY XA RS TR0 R B 0 R PR AR R PTLAE
S T W A B P X 4 ST R O IRRAT A AE 12 TE it SOMERE
1A ) AR RN ST A0 23 o, 0L T R M BB 2 v UL, 2 el 3R (10-126) 2238669 K 5
Py, PYEEAEWAS TES 12 Teidie.
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R EANFRATH7E UGB B9, 00 SRR (11-14) 5 3 35 76 38T T8 69 Bof 200 AR (B 2, + Ae/2)
SRIGROTE, 8 T oRATABBIZERS 2 (2, + A/2) 25 LR~ RS

RATAT A AT ESL 7 AR (11-12) BB (11-14) , BPRFF 25 8] B 7E 2, R

BRF 6] 25 ¢, B0 H, (1, ) BO R B SR BB 66 TR A, +%Eih BB H, (e, +%£) )2

FFii. FIRERATATLMSE H, (2, —%) HRIFE. BOLEMEHARIR(1114) B%&

WA B BB (Ax) T, R, X B 16 (B B, % T x P30 0 R IF FBR
(11-14) B4 3, I ER TR K (Ax) Fo R i, RITERM KN T RH ZHH
JE 9585 — e (8] 5 25 ) RS ) Pl 2 4B 8L

498
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HEEXFA(11-12) 9 FD - TD f#, 134 H, (¢, -%) SRAER(11-14) B8] (£#37
B 2 fy TAR, B(11-14) %)
Ay | At Ac Ax Ax
H(zn +3 ) I‘ .H(tn -3 ) A +“Ax[E(x, +5 )—E(x. -2 )]l (11-15)

R R, TATRAHCAIR A L 67 § FR 25 1 6 B AL BT n Fm 0t B0
REARAZHATEIR , 3 (11-15) 7T LR T A

B =l s B =B 116)
X REBR A IRATT AT AR S E 7] — 25 7] s R IR L Ac ) H AEAVEE x BB TT £ Ax/2 975 1H)

AR R A EERIEEH o SBARAER 113 R SR AR 2 BR
THEBECGRSARMGELR) ;" =gk,

i )
n+d
&
2 En+l
i in
4
Y
4
Hnon A
) ey NG
%Mi >
E Bl ~Eon,” LN
', (Gn) “olZ
/ HP- R N\, /
n-t s
«%-»
n-1 %fa)
i-1 -1 i [ S P 1
2 2 2
500 TR

P13 A SO ) SR £ Y R ELL,

RAVERBEIES M A v + Ax/2 () E7 24K, RN (11-10b) BUTFER K ih

& AT TR (n o+ 1/2) MR+ 1/2) SRESHIB] B0 ME M.
Bl =B+ SELH I - H ) (1147
TR BB ED L AT LA 0P 113 T LAY S 1 220 F4B 2 (L) H A E SR
W PR, RATE AT R AR (11-16) FIR (11-17) 128 53 05 BAE 5 0947 Hy 16 B0
S 7 v R T M, (TR b A X (PR A R AT R [ 6 R e SE T 2
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HITHIG) o
£ 1966 4F K. S. Yee!* $f2if T — 41X F =4k . FokE i [ 48 5 i 32 S 7 55 e L O 22
(115) F(11-6) WA REA IR, B 5 LR R TAENLAAASL, Yee MFHAESR
FRE S AR A, E R R AR — R E R R N B . Yee K
WO E A AR R o 55, TR AR A 3 TR T e 7 B AE RS (A 02 8D e ] oR
0 5 R 15 , T A 150 B8 50 7 R OUR M ol 3 (SRATK %) o
=, Yee FIRIES A FISCH E A H HRRSROLE 11-4) BG4 EHR
RARBH 4G, TiEA H 5% BB E 55 B3R5, WiE 11-4 Fim. A
11-4 o 25 FIHESIA RAE R A, B0 E AT & Ampere AN Faraday 527 o
Gj+1k+1) G+ 1j+1k+1)
Ax

2

4

2
G+1,jk+1) —-*—
Az

; 2

s

(1) E, G+ 1.k

114 AR R AR AMIGE Yee (RJLIEY Av x Ay x Az 32 Jr R 3R

557, Yee FEUA E 50 H 3905 0k S A0 8L 498 b 4300 56 B o 2 A 47 ik (leap-
frog) BZeHE . X TE T ARG = 4t 25 4% 5 B 1 OB AT E 5 7SR A7 S0 O
HLAAE BRI I 6 H SR (I 113 34— e SL BT L IRARAE ) o 28
& A MEAS T H S5 RIS B SR R ) B SRt AT it
. ACERTHER L HEEE T RARGENI S Bl H BT E %o B AakS A st
il 4 , 21151 80 56086 90 20 0 0 8L (B BB RS o

SUU, A B R , AR AR B R A SR A KRR ST AR

VL E IR (11-17) AL FE A fik 25 (A ), 76— R RO T RATA A A
HBE (2224 ] —A) AU R B 2R o KT (11-17) RORF 5 3R #EAT 3
7] S HERETE RS P 6 SRS R

(i,j,k) = (iAx,jAy, kAz) (11-18)
Ao Av Ay Az SMBIRLE 2.y B2 AR RO RIS 75 (A AR i J A0 K M E—2,
o AT PO 45 41 B SR 1D 1O 3 0 30 43 it w 30 R %2 ) 45 B 6 4 B8
B
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u(ihx,jAy, kAz,nAl) =u,, (11-19)
P Ar Ra AR, BE HAE S BT ] B R R RS, 0 W B, HEFSE
RATRELEATLIM Yee 3 u 7 x F7 IS — A2 6 FH, B E BT ¢, = nAe it
BHRERE R

FIV _Uange T Wina :
axu(zAx,jAy,kAz,nAt) = Ax 2+ 0[(82)*] (11-20a)

BB u e i EAR (2 4R) £1/2 BB RA MR (11-17) HIBRLE + Ax/2 RIRRH S

(A RRES . RTO[(Ax) ]” REHREPURIFHLE R, FEH FEFRH ZHOREH

FRZ4FFR . xR (11-20a) fiou/dy BRou/ oz RIS VTR AT ] B 35E 3 j 2R b _EARSY

SR £ Ay/2 B+ A2 B,

Yee %t u (55— 1) G 3, &lﬁiimmz J. k)ﬁﬁ&ﬁ%ztinﬁéﬁ{uﬁwj

7u(zAz,jAy kAz,nAt) = JTJ— +0[ (A1)*) (11-20b)

Aeb u BFE LA n BRI B9 + 172 B3R FORTE + Av/2 )RR 1R R 22 53, st

(11-14) R ZEHFTR o

RATIAER A b & EAR RIS ROR R BB K (11-16) F1(11-17) S th ) =4
ST HERE R ERRLE L. BN, A (R X LR R (11-5a)

H, E
TEREL n B4 6] 522 ) S FBUE ZRIRIRS 0 (i, B)  RATIFIAAHD
LA P o
HIGC-HAGE | g .
A g™ E -E 22
& il - .\..m,AM.\. v (11-22)
=P+ H, I

PR A R A 5 B R e ) FE T (8185 n O, B IR RE SR o th LR BE S

W H,, BENTER S n B0 H, 8 18 S 7 6 7 HLIN A R (LM SE S BT B i) 2

n - 1721 H ABAFREZE AR ) AT B A — s 07 kR A4 . —MRIFIITIER

Xt AT H, IR BA” (semi-implicit) AL :

AL Al
2

H .=

FERTTEL n i) HABE 0 EAF MR 185 n - 1/2 B HAAAER 15 0+ 172 3R
H MR AT, ARl A JERAR(11-22) , RATHE

(11-23)

@ HUF LB AR I R N, TE4E S b T O AR, AR AAF RS o
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[ T 8
" - LA AN
PR T Coor-v2 I A Pt A P 1124
AT A b & (1124)

LA ey A e
P ( )
RAEFE H, | RH, |77 HBAER (1124) WP, eI BN R (0 F A3 950
I H, | BRI, B E

At Pl w12 At Pl a2
148 Pk L g (1B P}y
(1o 53] (1o )

E | fann =B liaon
1AL . . (1125)
Higk _E. |..,.m.k A
Ay

B BRI+ “AL -L"z'-—*nefu H |51 8RR

| Pl
B = | e | g |

piade

1 4B

ik

A [ T 5 BT
A . TR Az
1+

: A A (11-26)
Pujalt E | luna—E i

2t - Ay
FRIRIRITTR, RATAT A BHET Yee BILMMER IR H, 7 H 355 RGHRIE Rk
A, RATATLAB BT Yee Bk (11-6) 4 i) E, .E M E 5 AR
EAFKR, X B P RREA NPT, il 53R (11-23) Ff
kA AR, XS TIE, . E M ER—43 MR, i, 3 RRAES R
WA, j, k) EHITRR R

1 oAt
2,
E A= [—J—] E L.

1 AL At
2e,

ik

A Hy | tn =0,
. Ax

o e, (1127)
1+ Tl

LA TR A e
20,

1. x

Ay

ik
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SRR BV ET A T AR A 23 (8 B AR 55 0% B 4T 69 1 AU B S LT
— AR E AR — G R B RAERT— R

X =7 B B R i R AR AR K B R (11-26) A
(U127 ) Bl , 5 38 FERN 6] 2 FF 2 W45 A 35 4 43 B2 SURMPERE IO T 6 3R 3, vt
F Av = Ay =Az= As BRI FER G, J, k) BRATH T RSH®RREK

Coliu (11-28a)
Clu= (11-28b)
FHFIEM(, j, k) OREGT S RERNE
1 »p', my
Da|.J.A=TZ“"ﬁ (11-29a)
m
e
At
Dl = iﬂ;“% (11:29b)
AT

R As BA T CA1 Crhe
FR (11:26) 1 11-27) FF 501043 BR 22 43 0 5 86 01 B4 7T LA 3 403 0 25 T 9

FORT i, AR A 11-4 FURMZEHES] . 0% F 38 (1126) #25 BHE 8 RATH j

kR 172 BRAF BT H, B0kt MR (11-27) ik in 1/2 BRILLF E.MFik

R BHL TG 6 MHRNTEBAE N

Ho o iin =Po Lijoawan * B sin # 00 Linsan (11-30a)

(B, omin =B L ons v B iain =B an)

Hy L0 ien =D Liaguon By L0 s D4, Liiagann (11-30b)
S swen B Lo Y B Tonis = B ngen)

Ho 0% na =Dy Liongona B0 0ns # 0o, L iingias (11-30¢)
CCE N fngos =B i v B Vina =By o)

E g =Co Lingn * Bl Tia * G, Liiage (11-31a)

ne i 12 iz
AR A IIET A SN A B
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E L= Co L ians By Lljana G Ligiing (11-31b)

iz ein 12 i
A k=B S Dk B S s = H A 2)

E 5 hn=Coliann B ain Gy Lina (1131c)
C(H LT

Waswon = e HH i - T 02)

BhE 6 AR AT 11-4 FURN ZHR Sl HE S R T A —%
A, I, 4 TE L A 11-4 Bl 07 « -y FIZ S 03550 i, T —
4 TM WL A AET I b+ 1/2 B4 . — N AT LB AL L O — A
WATIE S

TR RATES MY HTEH R T R ETH RO S KORR, iR E
.

11.3  HouR-F BB E R AR

FERATAESE B L — WA G250 T B 20, U5 S 300 R e i it 96
B bR e HTR . B R R QN SO B R R R SR B
R A B TR . B FORTETRATBASE T 850 R 25 , RS ARIETH 7 1 3 ff
P B E B

ik A S SRR A R BB, RO AE R IRBIZE— 4 FD - TD BT R B bl
BEHAN R M AR ARG SRR BRI AT RS2 L, R RS IO 24 A b 33t
i o B T AR A, RS BB K 9 — /BB SY o 9140, DAL B 53T ) BF 5T R AT 03 %
FANGERER 7 Mbkoh, IR ERRA AT S, = 1/r ZH KT HKERE
AEAEHRAR, Nyquist RAEEBENCETER /N 2,720 AR, RATH B £ 8 T
[OOSR RS HE M SN SL FAE A L, TR AT A 2 4 T B A S DL, TR
e T R 25 R SRR (R /N TR o RATT R BROR T BT R S SR A,
EL B TE IR L 24 /NF 24 A,/10 BRI R B (1, W0R T3 HLBE IR SV T i
2./20) , B R B AW EIH R . B 115 BR T — e o 850 RS R A B
FOREM, FEL R TE R BAVINE A,/20, JLATSEH A9 A0 Y AT ARLE BN R +F o 61
0,76 11.9.3 WL Vivaldi JE4 i SE 80 41 JLATT 45 M40 45 76 22 A/99 9B TTR o

BAERATE S T HTTRF BRI A i RABRE T o LRSS B4R
FE—ANA IR, B AT R A A 1 8 L AUR R L — 85T, B o #E — A B 1) 2 ] B
FD - TD 553 H RS — A 701 B BRI AR TT o R A T A B K — B B )
ARSI B BOR AR ESE . TRATAT LA — B R 5 e i /N F— 8T, (B R
AR HOWEL , T FLARREEORE RN . XA, — AL (AR R R

aste (11-32)

[505]
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MRS S, RN Taflove JEEIHIFKJ9 74 < 89 B 18 3 K (magic time step) ,cAt =
Axo Y5 R RO )R, AT — R0 32 4 T B B B R . X R— 1
A NBXEBHLER, WEATBRREACTHRIEMLE112) . REMRERM=G
B R TEMIR &M

AT R 4 1 S A

1.00 T T T

0.90 A

°
3
L

YA AR L vic
o
3
L

L L. T
0'500 20 40 60 80 100

AR M)
P 115 —H FD — TD RS S8 AEUAFAL FE ALY iSRRI (T0) 2

TR R T R R i, B IR
Ats—;———*—‘ (11-33)
PR A W U
(ax)" " (Ay)* " (42)*
RS AR B Courant B 7E3CHR( 5] RIS ¥ IR1G . MNP, SeR MY R ALE
L, 95 SRR 23 TRV A (P RO o 48 SRS A 3 5 16 4 10 (B 58 ) 6 L 32 T 4E 8 )
AAEAE RS E BT, AT 8] _E5R R B KR o
FE AL, ISR Ax = Ay = Az = As, R (11-33) LR

As K
3 (11-34)
% F =4t e, 2 (11-33) /iLh
A,sc‘% (1135)

RS TR UEN T 46 2 ok 36430 80 5T K RS O 6 (0 i 0 e ] 26 30 F LTI
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. XKL ERAEL "HET R RETHN AL ELTEANE L EHEL =%
SRR AR ESTE =R,

ERINGERATZH, LIREREH. GBREARBERKNEBEREPR
HARFMERE . G0, GRATSRK RGBS, 72— 40T, ISR A Y
[SOP2 R So 9

FE BT, R BLAAER (11-33) ISR, I ELAGHE R  E I B B ITHIR] f
K, BT BRI M H Gl EWEE=RHRT GHR. MRR
#EX(11-33) PGS 3 BRI LT KB R, GOV T, TR R E,
— g , /N BT ) R S 5 R RS R BR

ERER 11-6 S8, B BR T 7E =4 FD - TD RO b5 — L3 fE AR B P 14
FARAEXRR R TR (1133) F R ER . FIAN RS cAt = A2, ERHE
ZH(CRI=4) MR AR SEE, HER (1133) MR EHENRREER. BFER
T A E LA AL BRI (o = 0° 0 @ =90°) KB/, 7 @ = 45° (W IETTE T )
FBR BR L o RN, BB BRI (11-33) %R, £R 11-6 FH— BRI
RT Yee FLEA MMMEE 17 51

1 [

- /\

s e
3 8
T T
Ll

H— A, vl
o
&
T
1

—o— R=20M702,
—o— R=10%7E4,
—o— R=5M7t,
1 1
094 5 &
AR @), &

o

o

b
T

B 11-6  ZE4F FD - TD R = Ff 50 s 43 B 32 1) 300048 i
WAL R R 16 0°F 90° , ASHIEEL A A 4R 1
Rl Taflove''© 1995, W ENT8F)JE Artech House
ZARMIVFRT)

B 117 R g FEAR ) A S i e ] 2 B S0V S P B 2R 0 RSP O BR AL R R0
LR A BONARYI B o AR T A K A9 56 R (B KR Nyquist R ,
WoAE R P AL 44 o
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08 |-

5 — AR NE , vic

02 03 04 0s
P4 2 1) 87T R (A)
PE 117 fEZ4E FD - TD [#s i AIXS T 0 A A 4R ROAS i 0° A1 90° i) =7t
48 fi 9 Y 1E0 AT 4 T B A 50T R 9 BB R R (4 A Taf-
love'"! . WEPFHEIVFAT)

P A T WOR 0 ) 5038 R4 AR ) 09 i BE 1 4, - 38Uk o 9 B2, 34
W B B S ISR AN o 55— T T , 3 IF % ML B, 7 T 9 A A BE N 46 7 2 Bl
46 B R VTV 8 0 A9 A 3108 SE 1R 2

BERATA T HTCH R R 25 4 0 R R, OF BT 18 T SR, SERT
B G 0 SR L 2 B R R . T — A BT R 77 9

11.4 NSRS FD - TD KB

R —H, RATES R T Yee MR, MR T 7 FD - TD Jikp i — e A
BEA . BIREAT H At — 2 AR 6] B B84 , 18 B e WU 31 WL I AR 45 ) ) BE DL A0
Yee J35 2 T 5L B SR BB o K5 I — 2R 0 1) F R LA — B4R B A

FD - TD B/ R 50045 G R A 18] 5 it A o SRR IF ) — /NS, (R B R
WS, TERFIEIE 2 AT, AAUE X FD - TD Rt AR B T R+ B 5 K %2
WA ISR, ASTE RN )25 3 M TR, B (11-28) AR (11-29) sy
C 1 D R LT ML )4 o IF A BT B AR AR R . 6 R SRS IR LA 45
5 S, AL AE AR LR B & AT BRI R S eh 25 B M TT RO BB, X RHC,
C, D80 DRME) B ob, AT 5 A B 0RO, (A e (R 25 i S8 U (2R ISR
7 SR P A L, B 1 A 0 ) T

PR AT EE S RALR
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e

® 5E X FD - TD ks (BB A& A BT B IE R ) o

© HAEATAT A4 Courant F5E A H B RIF K o

o R BPEIRE ALEE 1.2 Wi € 1 D, BN T 7 FD - TD R R

SRR ILATSH

R A

o EHRAM (HE 1.6 Hohitie) o

o R AR B9 BRI 508)
ISR 49 85 B0 9

R . fure
© TR CA A A (ABC)
WA RS R, ABC T
R (FEILSHiTR) 2 R M E
2 FD - TD W% i A 356 B e

16 FD - TD P4 Py i 3k 458
© WETREG S R

EAE i )25 3
o 5P B4 AR A7 E T SR AR H
164 s 3 PR 5 43k
i FiL R4 01 0 L 2088 GRAF W
o 0 57 1 20 K S TR A I
HfE A 4 T b 3 R
St AR, 3SR
X AT S SR 5
S b i 7 3R 19 T 45 4 s

8 118 T 0 i P AR 4 o e
T B B R 0

FHHY, BT — A A i — 41

L AR S x B3 B A 118 FD-TD HAH

. RATAR (11-10a) MR

(11-10b) Hy— 43, 6 FD - TD IR A F4 E, =0 f0(11:30b) M4 H, =H, =0 [509]

R (11-31c). FEWC, =1 C, = A ,D,=1MD, = AL A R K
£oAx oAx
Fi
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H |57 =4, | u‘:+*(s [ -E 1D (11-36)
L A A BIAEY M ) (1137)
A 1 R
RIS = - = *"ML',L:?'* RKebe = (meo) ™
E,=5() E,
Lolol 1ttt tut |
0 Ax 2Ax iAx 49Ax 50Ax S1Ax 52Ax 53Ax

B 119 53 S50 —4HR

BT, W« $hE L —/N FD - TD BRSBTS R 1, 8 1E$5TE K 53, #5850
SR, B 119 Fi7R. TR — RN 0 106 RB 1AM, Hn < 1 BEEFE
ZEFD-TD MR GH BN T, =1 BEITH. X, ZHERX(1136) M
(11-37) 5 H 1 E B8R AR, BATAT LB (3 F i=50)

Ey =7 (11-38a)
H;,,’,=o+%(5;f-5;,“)= -1 (11-38b)

X i >S50, B4 FCAbR £ fH. S, 0% R 8 BREGEARAEHEE FD - TD R R A AL
WH A, X ERY — TR RAEN, HR(1136) G TN H, |17, T
(1138b) AT H, | o WRHLIAHBA 50.5 RALR, RA EoM Ho AR, &1
i H,, W R HREEMN, 4T — RS, RIS th (M i250)

Ey =0 (11:39a)
E5 =E5 +m(Hg's ~Hy's) =0+7m(0+1) =7 (11-39b)
By = By +m(H's - Hy',) =0 +7(0-0) =0 (11-39¢)
E3 =0 (11-39d)
Hy's = Hy's +‘;<E§,"—E;"> =-1 +‘;(1,-o> =0 (11-39)
Hy's = Hy's +%(E§,“ -Ey) =0+~1"~(0—n) =-1 (11-39f)
B, =1, +—:,—(E§,"-E§,“) =0+';(0-0) =0 (11-39g)
Hi's =0 (11-39h)

EH=AEESE, RAVEH, %t i =50
ES=0, E=0 (11-40a)
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B =By +m(Hy' - Hy') =0 +q(0+1) =n (11-40b)
EY =0,  Hg =0, H; =0 (11-40¢c)
H'y = Hy's +%(E§;° -E3’) =0 +%<0~n) =-1 (11-40d)
H's =0 (11-40¢)
TR ES, RITBBIUT AR
E0=0, EY=0, EY=0 (11-41a)
Ey’ =B +m(Hy, - Hy') =0 +m(0+1) =n (11-41b)
Hys=0,  Hi’=0,  Hy,=0 (11-41c)
) (11-414)

B RATA ELARE L — . PR B N T RE R
B H 0 LR . ATRENRE T ET =53, RAT8A iR TR
LB XA MR RN AR SE IR, ERAE T — TRt ie.

FEdE AT — 4 280, RATREEBIEAT LA T 308 ATt i R 4t IR 22 0 30
WA, TFRAVOM B, T BRBAEE » 97 DG BT —MEkaiRE,
R B 7 A T 2 1« 7 11 B P 3, OF B S sP S R B F

11.5 Wl 5 &A%

6L 45 K A BIE FD - TD Mk Gt 7B F A, IR B Ry ok
WRIBCHE FD — T 6 5 9 i) Hh 5 , 76 P 5 00 4 0 3 0 T80 I 0 05 e IO A 3R K9 357
AR TV RT AR B S 8 A B L6 X 350 T 4% Lk e [ 2 3 0 AR, SR A R
BRI AR K, XS AR AT BRI k. B, X T RS A %S5
T 0 RS T — R IR KeE

% O A 39 5 ) 08 52 o 0 A T P B 30 - 4 (ABC) | A1 BB 4 4 30 R A
P (RBC) o fE— UL, B0 00 2 o J2 165 0 0 7 A 19 , TR0 O - 7 O 3 A58 PO 3
. e, AR R BB HR I EE . £ RSN T X E R, BB
AT AR B ST PR 4, 3 L AR KT AR F T Y, A0 RIZE ) 11-10 FR B4 9
ARFE o

R ERILHERERBTIFS ABC, ff FiX4 ABC REENFFFHLL L ABC
R A B IO B, RATH LA 4 Mur ABC'® Ffitiff & FR ) Berenger )52 £ 0L
/2 ( perfectly matched layer) ABC!”’,
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Mg
CREFAED
'(T;(W N

TNEA
S=

i =

I
X
:Siﬂiiﬁ
|

| |
I = _J__j=1

P 1110 F(FAR ) RIS 21 R B4 FD - TD MRk AR A ROR

X5 b H SRR Mur i3, BRI SIRH B 2R TS
THIRT x = ibe, y =jby ) E 5o % E SR —B Mur flit

g CAUZAR gt g
B =B+ e (Bl - B (11-42)

FE— BT IR Ax = At ) =E,, BPZERTZ n o+ 1 08 @ SORSTHER R B FAT
— (AR B2 R R A — LR PR A

WRRAIEE Ax = Ay, TEHEMBL TR E R Mur fiitH"™
cAt —

o E O pp—
BN =Bl cAH-Ax(E‘ ‘J+E )
cAz+Az i+ EYD
(cAt)? o
308w (cAr v an) B ~2EL+ EL
+E;. ,J..-ZE..J*«EA..J..) (11-43)

FE—B Mur f5 B ROV BILE « = idx 10 2430 B RN = = idx fRT— A0t
20 E AR x = (i - 1) Ax 9 4RI B AT, PIF A0 y (LR B Mur i3t
AT A AARSS x 5 y LRI, 7E y =jAy (WAREG RES V/ - TR
W) R H SRR L (11-43) 4 H WA R SFRM AER B, B Mur i3t
Jo i T B PO R ME AR o 7E <z ) vz A0S AL, BT R AN (11-42) 2L
09 4T 8 0 2R 19— WO BESEEALL o

1994 4 Berenger'™ 3 T —UHAR , H#E MSMES RS 22 57 0 52 St Hb 3LAR 07 2 KR T
SR, A A AL TR = 4 TE A TM 150 930 3C 43207 1A B o RO
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f5E 2 VLHLJZ (PML) " ( perfectly matched layer(PML) for the absorption of electromagnetic
waves) o TRA ARG, M A W HHAE A R IG5 40 BRIP4 B 7= SRS BT AR
RIBHHI=A . XBSM E B Berenger 5t Ak 9y 70 i) 4 (i S HE R BCBER , 4B 4
AR CRE 11-11) A LB BT, B 5 AR A S A FBE X T ™
W, Bk T AE H, (9 R, H R E, AT F FD - TD J58 %

B s
B2 ol (4172) 8, 1-¢
|, |

T 1
o (i +7)Ax

0 R [ I [y 8 (11-44)
B, | =emoseg |7 _ etV
b a(i)Ax

x[H, |55 ~H, | 15, (11-45)

KRR o, M o J (i) 164 AR M B 76 PML 29 LRAT
2o Fl o MEA (i) BFE, W9 LI EA T RET 2() 7 BTN
105, VR E R E, TR — A

PMLO,, 53,0207

YPML(% 72:02:0)

PML(0, 0, 555, 0y) B,

S 3

PML(0,,05,0,0) PML(0,.07.0,0)

PML(0, 0, ;.05
G

[ 11-11  #745 Berenger PML ABC ff) —4E FD - TD [SErEet]

PML(G;), 551, 0y1,031) PML(G,, 03.0,1.0,1)

TG R H Ak S 7 BT S AN A HL 3 0 i — D AE N
FD - TDRI# ) E.4Mit, LS Bi/E PML KIREY B0 E, o illad %% H, 5368 i o
AT A Sl 5 FRM FD — TD SO AR, EHHL FD — TD 4% 1 PML U 2 [l #2372
AR EBGE R E, 2R A B R— AT % 8L FD - TD S5 i
AT A 4 6, = £, IFH DU PML B35 R B 46 A6 9 =4 FD - TD 3¢
FERAKAES: . AE AR B AHE S . WA T T » MR LR H, 1977
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BEN
e ol - . 1- 'l:1d7ﬂx/}l1
H |5, =e Ol 507 -m
x(E, |Gy +E, Ly —EL13)] (11-46)

RSO ER AT ALEET « WRE, R il &% PML AFHAHR .

SM H R E, Fi B HOT R B E e Ml . RARRE T 4 PML 5B
e — AR R RN — ML B A H . PML 3R ) Maxwellian 3§ 7
FESCHR[8 ] hRE]

% FiK EABRIBIF ABC, BI Mur 71 Berenger, 8% 6 R L ARK %, BI5 %
BT RS S 0 B S, PTREHIA SRR AR A, A3 ABC — MR %
SR G5 K AR SR AT RE R ABC SNSRI BB o IXBE RS K, ABC HUBUR
AT (3 Mur ABC #5501, Xt PML 3R —E R ERAE) o SEERAKRT , X ABC
7RO PRI o TS5 7 0 0 O T B P T AR R KRR
B SN R 2 (R AYRE RS /M 10 /35T, X5 Mur ABC {816 F 15 %) 20, X PML
AUSE4 B S NHT,

TEGHTAH 2 W AERRATRER (11-41d) R — B MR, 7EBLAEOL T, HEBR
R E =Ey’ =0, TR

”25’5=0+1;(0-n) =-1 (11-47)

PR VN sul i)
B =By +n(Hy, - Hy') =n+n( -1-0) =0 (11-48a)
Hyy = Hs +%<E§;"—E§,") =0 +%(o-o) =0 (11-48b)

RIVERXR—ARBRBK. K111 BET 1 <n< 6 Mi=50 WS EEER
5 AT AP BT AT B (6] 4 AT T

111 BERETORSER(IEl =9, Hl =1)

50 50.5 51 515 52 52.5 53 53.5

B fE] 4

1 n 0 0 0 E
15 -1 0 0 0 H

2 0 n 0 0 E
2.5 0 -1 [ [ H

3 0 0 n 0 E
3.5 0 0 -1 0 H

4 0 [ 0 ) E
4.5 0 0 0 -1 H

5 0 0 0 0 E
5.5 [ [ 4 [ H
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F 111 R AR R ZOE T RS E . Ot nT LUEE S SR H, s KRR
BT E BT E . FER BT R (11-41b) sk e X H, — Sl %
WORMAHRL AT Eq o TR R, ABC #3R B AU i 37 SRV R At K,
FHLFT - TD SR R Fihl — b R 35 (0 H) , SR 5 99 16 S BH 26 R Rt AR
X455 —Fh3 (40 E) #AT o Y RX B AR X G Mur T,

11.6 WH&KMG

FEAAS R, A% FD ~ TD FIASSIAJLRNE & TR0 TR () R i RE B . —
ARG ) WA S TR ST L B o 25 1) % 48 119 SR A T 8, A TR ATV R A%
WA KRABH OB RAVEH A FD - TD BFFER ST B KRR, B B A K
SAEH EARBWAHR.

AN % T REFBHABIRR o IR Tallove' MFTR, WA 5120 BET" R
CHRIRT . BERSR G T S AR S, X R E B B A AR BT
FERLE 193 (AN M B & T SR T RER) o SKIR ALV SRR IR BT AE A B 1 35 (1P
EPEAGHR) o

11.6.1 FiThAE
— i RO R TE n =0 FT IR AR UR K f, £ SEIE 3K -
f(1) = E,sin(2nfynAt) (11-49a)
TR S A A R LT RSN T Gaussian ki, 3 e F i (8] 25
g BT ., B ) 1/ $5HERE0
(1) = Epe om0t (11-49b)
TERER (11-49b) 76 n = 0 i AR %, 0 5 7 2 R B Gaussian Bk v #id
PE g BT 30y o 5= PSSR TV RS 9 TR IF 3% VR (558 ) 9 Gaussian Bk,
SLAM I F S X B K TRDRE LR T 55 mg 4 s, LA g, ] 25 6 1/ A5 2
FEW:
(1) =Ege =" sin[ 27f, (n ~n, ) At] (11-49¢)
2(11-49) B (g 45— Fh IR I LA AL T IR 3 /(1) Bl B BT B T B
LT i, (TR A 15 BT A 7 T PR . B0 SRS — R B T I IR BE R AL,
BRI ERLE , BT B RS 4o TEIRER L, B[R] 25 HE AT 2k SE T
FHEFABERSEN K, MFR(11-49a) PR, X Wk #H18 BIEHHMRHHH
FBaARA . TR (11-49b) FI(11-49¢) R, 30K REBR A 5 5 534 8 # 2 4
F 6] 7 S o DA~ FID = TID Bf 6] Sk (932 745 5 0 7% 1800 L4307 AT $R 3 M EL O
Tt 5 FEAHE 5 51 05 2R O W AR
F Pk, TS 46 T 2 FD - TD T4 B =FhatE R ¥, 7 11.4 15 H0

5H
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115 SRR & BRI B AR FRIe E TR 97 K B9 H SEXS FD - TD H8 i &5 A2 — 4
A FRBRE ] BRI 26 11.4 950 1.5 1R ST & BRBUR B SR BT BT R R S
—HERBCA RARAFR T TAER R R, R EAFRANTF T H o RER.
S & BRBCBEIRALTAE T —AENT UL, 3 ELAL 24 A 3 J2 ™ K% 3 455 Bf ] 25 — A 300 5C (B o 25
AR TE) 4 ) BIE AT B 11-12 B8 Tk RO AR 945 R . 58I 119 [HRMs TR N
MFH] iAx = 1200Ax, 1 i =500 BN n () & BB, M i =0 B i =250 i) X AT
XA HLHBAL 1.01 B . B 11-12 8IR T 50 #1400 BY (A4 )5 FIRE i 3. o
TEWAE n =250 AL T A AU A B— A /NEAEAL, X i <250 F n > 250, 47 B 1] 45
—AHICARA I (/M) 15 R B9 ZE 8L, AT LB BIXE T n =400 76 i <400 (X 504 B 2 19
BAHOBOER . 53— 7, B8 i B a2 — A BT 2R A, #E n =400,i =900
& BREKLATC 5 180 Iy i A 144

~200

200 400 600 800 1000 1200
75 (@)

B 11-12 8 B R¥CTE n =50 A1400,0<i<250 4 £, =1.01, i, =500, WHHEN 377V/m

11.6.2 @R

0 T 80 30 3ot X FID — TD [ o 4 H 5 s 40 i i A LA e ] e
gl AQIRATLE 1.4 WHBIT P T AREE . 0, 76— HERIRS I F R T E, I BENR
ATFE IR A B, B A AE o= 0 AT IR ISR TE 3K«

E, |} =f(2) = Esin(2nfynAt) (11-50)

TERELE i, 0 v S R ) 52 4 ph B AL, € SR TR K

KT UEGRM Iy RAPAE— Lo ME . 247 SL AT I [0 25 o LA BRAG IE X AR e R SR
0k o B, AT R B 0 A 0 [ U P 0,0 PR R RAE i, R
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SR, 5 A R o T R S ST B AR A KR (TR AR SRR ) , BEURHELE i, 8%
B3 I S [ SRR B b R 5 . SEBR b BBk TR S e R e A 1 S
2 , PR T AN il £ 3 AL LI A B 52

11.6.3 %iFE
AR T S A0 R B R RV PR A TR R R L T SR T R A M
it ey 1) B f(0) FERBOSMIMEGE  XF— S B F X R

v aet At a1z _ n-12 v
E|;=E|; +€DAI(H,L.,,4 H, |27 +£(2) (11-51)

Bl /() AR (11-49) 5], R (11-51) X RIS 15 Taflove! ™" iy BLE
o FEBRAR ] o

P 11-13 60 T — 4 BB IR A AK IR Z (R 9 2 5. FD - TD $ERL R 5T M i =0 5]
1200, B4k i =500, 356 1 5 200 g &, =9 S Fiktke B ] 3O R (11-49b)
Gaussian fiknf, B a Al b B4 TR B U BE SR KR, 17 ¢ 0 d (U TR, e
FEOUTTFEEP, 4T n=600.700 71 800 , B ¥ A 4K U 2 [6] 9 2 SR AR R Ay, R
1E i = 1200 f) ABC HBCHR o

L0 L0
@) ®)

11413 £E n =100,200,300,400 500,600,700 A 800 fy Gaussian Bk i o (a) ~
(d) WA HLE i, =500 ALHIRKIR. (a) (b) . (e) F(H) TSP HEE i, =500 4bH)
W, HITM =0 F]i=200 & & =9 MR
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7R BA PR B AR, T 0 <100 i > 1100 #HH AR AE, BB RESHE
3, NER 11-15a A 11-15b B th AR, EITEIZ & 4010, IF LR AST B S
TR A AR B T 7 945

Yee B3k A BR2E SN ALAT LARIRESE I F A S35 5% A0 B O 3 % Ay Bl
S RAEAM . FD - TD F P o] 0] 4 20 235 18] PO 23 S A AR AR AR ) 9 X
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X8R 1 B ) BRI 380, 08 0 6 3 X, FEIZ K I8 Yee AR T B K M50
it o SRR AR G A KR

X502 B A HOSMEB I I80 , 7R S Hot 39 [X, FEVZIX IR Yee S (UM A FHUH S %
HEo, XK TER IR 2 B A ST, W 11-16 B i <100 Mn<330 MHBL.
X n =200, B35S (5 BI0 E F1H A7 180° (B AL ) , XS » =330, 2 M
A S LIk (PEC) %2k R4, —FB4r SR AP SR A B3, T 55— FR SRR A SRS (S
AH) 5 (E A H i ARBE2E 0 90°) MBE . 7EFE 11-16, %% n =650 F1 n =671 7E i <100
1 BB AT T 50 0 26 1% 4 (E AN H AE R ] B TR , (X380 100 < i <250 B, 18
i =2504b L3 IR N BESHTE PEC A BA BN 2.

T B R/ O Ak R A B, S AR IR 2
HAE YR A AT E R H M 35 R S SRR o 45 R S Sk 55 ) 2 5 Bk
3, M7ERS S TR S ] 26 400, — BOHE R R AR T o SRS B, AR KT —
1, 24y A B IBE S T ST 9 X R 2 — 3, 2 A A R i BUE
W i&ﬁﬁt&t%%ﬂ,&%{ﬁzrﬂxﬁiﬁiﬁ—ﬂmo

n=

n=330

E,(x,0, H,(x, 1)
E, (x,0), Hy(x, 1)

I (@) S0}

11416 —4E (s FRIRE A i =0 F) =249, M i =250 £ =300 J& PEC, 35X
Mi=100 5] i =300, FEK 40 2HIT,10GH MIEXEMAAAL . 2R
n=200,330.,650 1671 {931k E FI H
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n=650

=
=
g
=

E, (x,9), Hy(x, 1)

B 11-16 (%)

B TS A S5 RO E™ 0 H™ 94 B DR AR Y E™ R ™ BE S
VAT 74N (8 R I o AER 11-14b W , 4 WO 3 AL X i 22 5 Tl
BT 00 EAVE i, B0 H 28, IR HE TR R B E R B3 s i, SRR AT
AT

B e =EE +—(H“‘l = [ 3a) - H'I (11-52)
K*ﬁtﬁ@ié‘{ﬂi—ﬁﬁﬂﬁ [i:55]
SH | g | | (1153)

[Pt 2E O A i, ——)ﬁf’]"—-‘i&

ol ot L +—(E"\'—E:“'\: )—-X;E"l (11-54)
e A 4 T — Bk ) wa
ESr=Er | R-EF L (11-55)

647 0 B A0 R0 ST AT )R A o % WO 50 0 6 2 (6] 9 O T IE 47
FERUR 2 i, MR RO E, i — S B % B0 B s it 2T (1152) gl
ekt

E* |1 =E" | +L<H*°\*",ﬁ-ir:\ ",;‘n—xx—lr"l,:',;' (11-56)
%M?iﬁ(ll-sﬂﬂ‘lﬁ%iﬁiﬁ%

© BRSO, e " FRRRART, Kt — BB, scat” ZRBAH, "0 K
RS
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P b R PREL A B R vl PR

S S T T AW S e
St B X Bk A e 2E S WU Y/ S R i L RUR R TE AR B RO B X
e 9 455 K WA OB RE, 15 6 A0 A X000 B 05 X 4925 0%, T A
H-15H AL

11.6.5 SRAHAHNRE

SRR 8 FE BB 712 (0 UG B ) SUAIAT ROk . SRS
Vi BT R P B R L 50 2 0 A A R
W, {BJ2, X E FD - TD (U} 3 35 R 3t A7 08 ) 3t . #0358, FD - TD
RO M ALES 53 DS U 50X, T U T U DR 5, TR (8 R
SOOI M S B AT, (RO (D) 552230515, T ¥ R
BB RRIRN, 0 T B BT SR 1, B SRR R S5,
T F— e AR

1.7 EHEES

EANIRATAERTE MR B, € FD - TD RIAs b B H5% FD - TD w2 S 8ds R A b
H, B TR AR , s 2 ) R RE R A L O KR AN S0 SR S S MR 2
AR AT TR o AENT— W BT RA L, 48 RUFSE LI FD - TD RIS s IO 35 X RO 17 76
fEiE 2 BT M BN e . SR B AR AITE $LCFD - TDBUBLEAT A7
BB, 12070 B T A A B M S M 1 KR 7 18 S A A A —
WA A7 £ 52 MG 47 KB MR O
A 0545 B B M 2 B, B R 11417, PP SE 2 3 OB TR (X8 B) 1)
ST AR S, (3 T4 R0 S O 3 X (1 11417 (1K 3R 2) o 5 S, R ARYIBST
35 E' R H Y60 MR S6H FD - TD SR AG . 4RJE W 1117 i th 0, 5 Sl — A%
A S AN A SEAE . B BAR K TE S, 0 T M, 5350 ROk
ARG, EATRIE T RER(BR 7.1 9)
J,(r) =nxH(r) (11-58a)
M,(r) = -nxE(r) (11-58b)
EGER RN AL uPS
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P 11-17 ARG 2 4 ) P R A1 P

AR E L R (11-58a) F (11-58b) M SRR o WR (no.60) K
X3 A WIS B, ARG AT BN T3 T 0 71 ¢ ALK BUTE HREA

E,= -jolA, +7F,] (11-59a)
E,= -jw[A, -qF,] (11-59b)
Kb

A, =A,cos 6 cos ¢ +A,cos 0 sin ¢ —A,sin 6 (11-59¢)
F,=F,cos 6 cos ¢ + F,cos § sin ¢ — F,sin 6 (11-59d)
A, = —Asin ¢ +A cos ¢ (11-59¢)
F,= -Fsin¢+Fcos ¢ (11-59f)

L4 X 3 e 3 T U4
(1= (5) o (-0
r'cos £ = (x'cos ¢ +y'sin ¢)sin 6 +z'cos 6 (11-60b)

AR S0 )7 v R T 0, PR (1) AR R RN U 1035 5 30
AT FD - TD [ By HIEAG 5] ; (2) T S5 308 U3 5 0 2 4 5 U R S, P9 60 1803 1

YIS X O S FD - TD A IE 3K . Rtk S YGEAT FD - TD §H5E L fE
BE) AR FD - TD T35 R . % T 00 i 4507 5 T A AR AR T 20
4% FD - TD 314050 A 19 25 i B EA B RS . AR HRAEQEYRNE AR
T L A SO 0 P DR AR o 0 SR R S A7 S A T K, £ A SIS 8] AT V5 fe]
R 7 ) 432 X4 56 350 2B B XA 7 R S T S04 9 0 X4 A SR OB O
i B o

o T 475 25 9910 3 (X 45 52, 00 RE FTLRK o SR FD — TD 3+ )53k X 8 A%
DGHRE IR, TEAL R FD - TD LA %5 g 1 P 4 10 L B 2% T O 169 1 #1992 o A
(DFT) FE4F AN T EHE . 434 FD - TD 3354 bk nh i ief 3247 DFT 4R T 4EfT
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() =1.148¢ ¥ sin[ 25/ (¢ =37,) ] (11-61)
xE
m = L0/[n(f, - /)]
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Ax = LR A/20
24t = Ax/2.997 924 58 x 10°
t = nAt,At = 2.5 x10™
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FEBMTEXEMNYT . XXM Y08 EEEHATUARFRRSRIGLFZ
B — B K o WRRERA KT BG4 LB 4, 135747 FA BBl A e 2 6 B0 A
Sffi FD - TD 0% b R R KR £ o 3 F P H R KRR, AR H LA
(BR) MR AEHBEREREAR T, REIEEF SR T HEe, U FD - TD 1
HARHM T

% FD - TD f FRMRLIHE N, EIERE S XA S M K5 b2 g R AR
TR AR G0, 7L B S v 3 AR (7 S T B A B T 0 A
ANBHFUAE RER A G5 R T FD - TD X458 R A S i 7 B AT e T i1 50, (6
JA F KL K AT IS, FD - TD ERIE 8 ok P — YO AT RO A T BBOA R
IR A G IX . B F FD - TD FRk i i 5 B SR AR A B 45 1L, BT LB ER
2R R S0, TR A AU 1S L F BELTU R0 48 58 7 160 P AT LAGE 3L — K FD - TD 58
BE), X RGH Vivaldi K&, RITHE FIX PRSI F o

11.9.1 PAF BEMMEH

R G BREMNEAR SR 4 Co AP IR AR AL 8 R AR A M, o LA B B 2
357 6 B Ao & kAT AR SRIR A, b T M FD - TD S A B e 6], L AR
AR 5 O L P B M A A S B BT
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9 51 L S A o ) B S B RR R V() T ER G R B L A R
H 1 (w) o WEARRYUHE TS L

(11-62)

29 T HSELE FD - TD R A 0, (1) FLi (1), V() i1, (0) NERSH, RA155]
R E 1 H B85

2 A TR v S WA o AL, 2 o R P A K19 0 1) B ¥ 7 9 A1 5L
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) 2L 111 T R4

P, (@) = SRl V() (@] (11-63)

P K45V 3 S OB M RE R S SR A T 398 B8 FD - TD sl 35500k B, (¢) J2
TEH SN o MK, WRIRATBE B HTE— 1 FD - TD A% SRR 2209, WA
R AE SRR B R AR Ry

Pow= 2 [[[o 1E@) 1"d0= o [ B.(0) | axtpas

_ 1oAsdy 21V I? .
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KA E (o) 2 E.(¢) MIGEMIES, R R - 7 MEBRATHEBEE, FET PR
P TR (1-173) B AT

ST HSE RN 3 , ST ESR L ETE R M AR X . IRRATHE
B4 7, AT LA o Bk e R 9 JE X R B BRI T X,
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REMBTAT A
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1192 RHSHBEFELIANLET
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i __v(t) A
E(')'ln(b/u>p" (11-66)
# ST ERE R Al I A
9E, OE,_ _ oH,
9z p = T o (11-67a)
oH, _ 9,
e =& a (11-67b)
1 a(pH,) 9,
PR (11-67¢)
X EARBHUE, RATH
. vin, AL .
Hy 5 =M 150 B Ty = B gy
At . -
il B Vi =B, 1) (11-68a)
. . A
A I A e LA A | (11-68b)
E 1ty =B fany + 2o A H 100 -pH, |57) (11680)
g 9 ool prg Pirtfle s P L

TEREAER 11-28 +h TG %0, 5 5 SAE S VR TR ) 6 v 350 4 B T E SRR TN 5

n——»‘ l< ar >
L] E] B T b
jeib +9p E* E* + Az 2
AN y +H
r El CE[ N7 '\
R I A NP wiem
2 et (Il
. +
-1 e w s %\
E R S
TR B o
i-1 i i+1

P 1128 BHEXSFR T 4E A 25 ) FORE A1 53 it (Maloney %, IEEE Trans. Antennas
and Propagation, 1990, pp. 1059 — 1068 , 1990 IEEE, #EDF$EI¥T)

FERT S RLA T R Rl X HRE R IND B ¢ =10 WRRAVOER
SRR I, E RS h TEM 15 2300 R AT — 45 FF s i — 00 . 58, £ RS

AT IUH A PR B R PE . ASHERIEAE] 2 = - LV, REGA R &
PRBTF 2 = - (1 +A2), HTRHRIC TEM 18 -z Jr I 640 5. X SLVFI 1127 o
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#09B-B'(z = 1,) WIRE AR A - A" E%REASH 738 e E a3 T, X
i/ T IREE T i e 1) R A 9 K/ o
53 [ A0 B 13 ( Ap Az I Ac) #EHE 9 35 2 A R 4E ) Courant-Friedrichs-Levy %%

#
cht< /fﬁ% . (11-69)

FEA A5 e TV O T R < 4 O R R (A, = Az, ) T E R Ak b AR R B, it

Ak 3575 (8] 57 SR AR AR HLRIAR [Ap, = (3-5)Ap, Az, = (3-5)Az ], AIFAMA

T RS BRI R FTRA T HEHLAIAET R o TR 243K (11-69) X 4 RO 4% 18 2

B, LR R B SR . FERLE T b e

_min(Ap,,Az,)
.

cAt

Rtk Ap, Az, BEFFE R /NS BE I %5 ) AR AL
P 1129 J& FD - TD H5 A0 7E bl - I 28 AE el [ b 2% 1) 8 1 o 76 95 FE 119
Z5 ) - WM o ZEMLERAY A A, ASHRK TR E BIA R . FEMERFIRLZ [ 1 BT

A

(11-70)

GEIEEY

%
2

x4
[ 1129 AE I — LR =k FIA A [a) /7, B BURE LB T R L 9 — (L
W74 % JE (Maloney %, IEEE Trans. Ant. & Prop. , Vol. 38, July 1990, pp.
1059 - 1068 , 1990 1EEE,, TEN{H#FaT)
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R — L RE R S MR o SR AT RO RB Ak Y TR ) 4 HE O 160 464 , BB KRR
B o FERXE—SRERENT A THBERFERR, XRENKLRD G 256 (3
FAR) B

1E C g, R/ MEEBAE S RIS B 4T, — L0 Rl BEARLE ) T HE A R BhLR, T 8 T
Bl BRI T . XY BREEHTEHITARSHRM AR L. EEUTX—A
ARTEL, B — BT K o © A& 00, W LAJS f e f6] o B A A R B2k 0 A R 2k
SXRE T 7E R £ 5t LS ABC B IERRM TAE T o

P 11-30 %511 T FD - TD 35976 3 MR R HESTF . 76 B 11-30a, ZERH Bk vl
TR/ KA WG 7 T RIRSMT IR T W, o TERE SRR A4 48 RIS stk . el
11-30b,, 23T R 16 b fe 4 119 G fik AN 22 60 T3 S 68, 385 — A ST BT W, 74 T o
FER 1130, W, F1 W MK LR f6 4 th 25 T, 0 24 i BN 2/ X 2k 0 ol S e 25 = 4>

i L4 W,

LA

(@ ®)

P 11-30  FD - TD 3459 A B A b T KR ) Gaussian Bk oS KB 9 PR 2R
LI B E , T 2% P R KR Rty [ B4R b A9 2 16 WL 7 85 . (Maloney
% | IEEE Trans. Antennas and Propagation, Vol. 38,1990 4 7 A, pp. 1059 -
1068, T ERFHFIVFAT)
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BRI W, T o RREEERE 11-30c, BiRFTE W, R BN W, WP T RS XAl
MEEMT, AR AR EENR AT

FEHE BT RERME R B E, 7~ THE 131, ATFXEHFHRERE 1127
o1 i 53 B A RUAR FORLIR s g LA T 7 L o 0 5 — ML R FOR fE— N B SE R A 6 1
Sy IR — AR TE] o/ 7, AR o YER T ER A R BB LB RRR R, B
HRBZEARFEARRRS . R EHRE KRS )y 0 R EGTRE LA
[, FIRERER MR bR — & % 9 B 1 R AR R LA 2, 1 B A 1 o] ) R
27 RAERL Bk oh—A Sk 2 B 1A . 40, BRE T WA WL EATR O FE BOR
AL ENTRER R 27, 3T OEREH S8 W W aRk—H.

i,

1131 AFIAE 34 F R Gaussian Bkop4st. H—HUELRERREEEHRA 0,
YRGB /7, AT R B3 650 b/a =2.30, h/a =658, 7,/7, =
8.04 x10°2 ( Maloney %, IEEE Trans. Antennas and Propagation, 1990, pp.
1059 - 1068, 1990 IEEE, TENSEIFA)

11.9.3  Vivaldi SEPREE

SEBRRL U0 Vivaldi K, J&7= 4 SR M RO T IR R o EREEH T | PP AR B
SR B BELELXY £ ot 75 (VS E A P T AR AR TR T o KRR R R MR K T i K AL R R
#,(TSA) . Thiele"""™ i FD - TD U T KR,

P 1132 80 T SE 1 Vivaldi 808 JLaI 4544, FD - TD BTG RF B HAs =
0.5 mm , 5T MU AR/ N FR R <+ R WURO B, 5 1 30T RS IR F i R LT
£ 6 5] 18GHz 340 Bl 42 BRI A A/33 B A/99, 553 BRI (6 1A 10 5 B TR AR
REFA I TR A B ST A IR ) R ) KRB SR . PRI A T R
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Vol.42, 1994, pp.633 ~641, TENYEIT)
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A D 16 PR AR T A AR I AT R 4 9C X AR AL 15GHe i
EEMWIC A S SR 2 X T, TEFTA BN SR L, 28 SUR AL L A 2
¥, 35 R AR fo AR Y 10dB 4%

TR B R R B BAR T R FA, A 1 A0 25 SR o JRATT R BRI A TH I A ik ) ) )
P, 4 S b B R  FR AR SE 2R B, BRI TER 1134 URFEBIIE ) b 45° i
P TR 16 A, R B S BRI AU 1) £ 2909 40° R 1) TR s T I 0 5 0 16 R g TG
i 1 PR TR g o WA i D L 48 ) A R ) A R 2 T RE R LA )
W,

(529)



510 F11§F R4 CEM. BEAREN

f=6GHz

H—f 7, dB

/
\
\/
\
Al

A—{e KA, dB

"

_s0 TP P NP B I
90 60 30 0 30 60 9

A

f=12GHz

A EE, dB
A4k J T B, dB

90 -60 -30 0 30 60 90
HIE R, HIREARALE, A

f=18GHz

HA—{L 7, dB

PR,
[ 11-34 S 1133 o) 8 56 Vivaldi PUSTH KL FD - TD 3849 E TSERALRIZE LR
[540] AL77 T B, MR A 1 R Sk 45° . VE R AR e H 2R R

5 3 RS SR RO 214 19 B A I T R e Y 44 R TR AR R BEL L. 24
KR WE T SR B, Q0E K & B 51 e AR AE , T8 BT A X MR TE 2 A R A T LA E



1.9 R&H#fpm 511

LB T ERERETE L ATR T 878 A i R R WA e RV BR ST
O B ETE BT 3FL 0, th T I RCE T A PETE L R M, Bt
SOl TR TG A LT, SEFR L, o T AR A DL B RS T 0 S
e R RREBT AR 34 B FD - TD 08050 ML P
AR e,

TSP 8 TG Vivaldi PUTEE REREAE 45°BORIE 1 B 6GH ~ 18GH: B AT
ST FD ~TD 558, AE3CHR(13 1A SRS OB RY A 4350 X1 8 A Vivaldi FETTH)
ATEER 4 AP — AR BB R R FF SRR R BN A Vivaldi 00
TR L LT
R, 51 A4 T4 60
4 A 00 4 5 LR
MR R AR, XER
405 1 T B4 (3 0)
DR RR

B 1135 = 4E
T T WD LA
o B HA 1CH:)
0 Vivaldi B T4 5 (1 ~
8) A3 37 25 B WD 1
AL ) 45 0 A5 Ml 12 TN
T8 09 @ 758 76

Mok, £ 135, low
FD - T 9 LAl “ H2” 0
AV SRR e
1€ 11GHz B}y 7 B, 76 600
13GHz }1 17GHz Bf%30% N s00
BN, 0
BHKRFD-TDH
V45 R R WIAE 6GHz ~ 100
18GHz B4 N K H 0
SRR LR M i BT
R ST A A o R B B

Ho2: 1 B RS LA (25 ~

1000), BREEBERE 1135 X 1133 F 8 TREREH FD - TD A RAHITH
7% T4E 11GHz it VSWR {8 S BOREE IR i1y 450,55 2 JSU R (I 11 XX
BES. BEILEK R WR[13]), EDARBIFAT)



E2

512 H 1% R& CEM MEARES

SR L ATRBAN RN A SRR RIS O R 65 Ao (R BT A Y ) ZE IR B4 — st
RO, LATERE NS R VSWR 9B o

11.10 A %

TEX— B AR T RHA RS8R FD - TD ik FD - TD R—A 3 F4ER a5
o2 Ay AR AT MR, T E R RS (8] ) A 3 S D R b i B 2
BT TEM. 1.2 W] 11.6 AT FD - TD fysEAR . F T —RLFRARE
AFOH B 1% 18 T 4B = AERON LBt 11,8 TR 11.9 ) . BARGUTEIR LR
R B FD - TD (AEARIFHE A F SRR , e SR & 1 SR

MoM I FD - TD 3 4 #BBEA Sy i R , B B A4 5 AL TR LA B K H
(EREA B . SIAUR 35 12 B4 G0 35 48007 v 08T 07 0 R F A B WA
BR PP RLGEH (B R L B

2% 3CHk

1. A. Taflove, Cc ics—The Finite-Diffe Time-Do Method , Artech House , Boston,
MA,1995.

2. K.S,Kunz and R. J. Lucbbers, The Finite Difference Time Domain Method ,CRC Press,Boca Raton ,FL,1993.
3. E.T. Thiele,private communications,1995.

“ Numerical Solution of Initial Boundary Value Problems Involving Maxwell” s Equations in Isatropic

" IEEE Trans. Ant. & Prop. ,Vol. 14, April 1966 ,pp. 302 -307.

5. E.lsaacson and H. B. Keller, Analysis of Numerical Methods ,Wiley ,New York,1967.

6. G.Mur, " Absorbing Boundary Conditions for the Finite-Difference imation of the Time-D
magnetic Field Equations,”

in Electro-

E Trans. Electromag. Compatibility ,Vol. 23,1981, pp. 377 - 382.

7. J.P. Berenger, “ A Perfectly Matched Layer for the Absorption of Electromagnetic Waves,” J. Computational
Phys. ,Vol. 114,1994 ,pp. 185 -200.

8. S.D.Gedney,"An Anistropic Perfectly Matched Layer-absorbing Medium for the Truncation of FDTD Lattices,”
IEEE Trans. Ant. & Prop. ,Vol. 44, December 1996, pp. 1630 - 1639.

9. M. A Jensen and Y. Rahmat-Samii ,“EM Interaction of Handset Antennas and a Human in Personal Communica-

Proc. IEEE ,Vol. 83, January 1995,pp.7 -17.

10. J. G. Maloney, G. S. Smith, and W. R. Scott, “ Accurate Computation of the Radiation from Simple Antennas

Using the Finite-Difference Time-Domain Method,” IEEE Trans. Ant. & Prop. ,Vol.38, July 1990 ,pp. 1059 -
1068.

1. E. Thiele and A. Taflove,“FD ~TD Analysis of Vivaldi Flared Hom Antennas and Arrays, " IEEE Trans. Ant. &
Prop. ,Vol. 42, May 1994 ,pp. 633 ~640.

12, K. L. Shlager and J. B. Schneider, “ A Selective Survey of the Finite-Difference Time-Domain Literature " IEEE
Ant. & Prop. Magazine, Vol. 37, January 1995 ,pp.39 -56.

13.  E.T. Thiele,“FD-TD Analysis of Vivaldi Flared Hom Antennas and Arrays,” Ph. D. dissertation, Northwestern



.6.

University, Evanston, 1L.,1994.

11

2.1

2.2
.2.3
2.4
L2.5
.26

2301
.3.2
.33

5.1

.6.1
6.2
.6.3

'S

.6.5

> =

HR(11-5) AR AL-T) (11-8)
R (117) B AR (1-10) Fgg L (11-8) B LR (11-11) o
(a) LA H, RRIF I TR ¢, 19 Taylor SRR EJRIF 9 % T 2 Bl 5 x. 1Y Taylor
FEAA(11-12) 73R (11-14)
(b) FEMHLGEAHE BT TR . BIR = 0(AF) +0(AF) .
(c) RAXUY THOREHEK?
A (11-10b) G (11-17) o
MA(11-21) FH3(11-22) 5
MA(11-6¢) FHA(11-27) 5
MR(11-5b) 11 530 (11-26) HIAN H, ik Ko
MA(11-6b) il G (11-27) R E, Kk
ML (1126) G (11-30a) o
HEB oA = Ax B — 4024 T B (11-14) R (11-17) 2 P o
TEdE (R PR R R A G
8 4 e 2 1) o 0 S I
H, = Hye'™
S i AR LA ) _E RO
H,(x,,t,) = Hye' 2=
=w/ve v RBAAEE .
25 A 30158 2 A A R, I VIR 24 14 K BE S M SR 1

K e =nAt, x=iAx, B,

(a) 5 H %R OB T
WEHIK

(b) EREFEMARRLR 27

BHE 119,25 0 <50 8, TR 4 ABHRIER E R H, RIGIREEE R UED) R TR

[REEPATITN

WURAENTT 53 R Pk, HTFRE 11,

JUE W] e (11-43) Hh Mur SRR P — e 7 RE o

B — ST SR, HFRE 11-12 sh 0 6 eSS R o
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KPP E, RFEL=0 MBS HEE, R = 0 MMBHEHNLA(p, 0, ) R—BHZ
EERMEA T, i e 2 MMRAERRT.
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L 390MH:z ~ 1550MHz Ly 1GHz ~2GHz
s 1550MHz ~ 3900MHz SHE 2GHz ~4GHz
c 3.9GHz ~6.2GHz CcER 4GHz ~8GHz
X 6.2GHz ~12.9GHz X B 8GHz ~ 12GHz
Ku 12.9GHz ~ 18GHz. Ku B 12CHz ~ 18CHz
K 18GHz ~26. 5GHz KB 18GHz ~27GHz
Ka 26. 5GHz ~40GHz Ka W8 27GHz ~40GHz
VER 40GHz ~75GHz
W BB 75GHz ~ 110GHz

E2Si

110GHz ~300GHz
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B.1 RBEMBESE

% B1
B BEH(S/m)
R 2x10°
i 1.1x107
L 3.5x10"
& 4.1x10"
i 5.7x107
L 6.1x107
B.2 [
£ B2
SART i R GG T AR L R0AS: R
KEAM(AWG) K (in) RAAR(A) ML (0/100m)
8 3.264(0.1285) 73 0.1952
9 2.906(0. 1144) 0.2462
10 2.588(0.1019) 55 0.3103
1 2.305(0.0907) - 0.3914
12 2.053(0.0808) 41 0.4935
13 1.828(0.0720) - 0.6224
14 1.628(0.0641) 32 0.7849

16 1.291(0.0508) 2 1.248




592 Wk B AL RAeFHOKE

(%)
SR i RIS AR LA LR BRI P
RELM(AWG) Bk (in) LR (A) #51(0/100m)
18 1.024(0.0403) 16 1.984
20 0.812(0.0320) 11 3.155
22 0.644(0.0253) — 5.017
24 0.511(0.0201) — 7.98
26 0.405(0.0159) - 12.69
28 0.321(0.0129) — 20.17
@l 30 0.255(0.0100) — 32.06
B.3 BEARER:NEEH
£,=8.854 x10""F/m=10"/361F/m
B4 @S %
1o =1.26 x 10 “H/m=47 x 10 "H/m
B.5 ¥ %
=1/ Jigg,m/s =2.997925 x 10°m/s
B.6 A= ERHIERET
[624) o =j 376. 73012070
&o
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C.1 BfxEHRE

%=Fsin 0 cos ¢+ cos 0 cos b~ sind (C-1)
y=rsin @ sind+8 cos 6sin b+ cos b (C2)
Z=rcos 6 §sin g (C3)
F=X sin 0 cos ¢+ sin 6 sin ¢ +2 cos 6 (c-4)
B =% cos 6 cos  +5 cos O sin ¢ —Z sin 6 (C5)
$=-Xsinp+ycosd (C-6)
C.2 xEEER

Ax(BxC)=(A-C)B-(A-B)C (c7)
(AxB) xC= (C-A)B-(C-B)A (c8)
V- (VxG)=0 (c9)
VxVg=0 (€-10)
V.Vg= Vy (c-11)
Vif+g)=Vf+Vg (C-12)
V-(F+G)=V-F+V-.G (€-13)
V(fg)=gVf+fVeg (C-14)
V-(fG)=G-(Vf) +f(V-G) (C-15)
V x (fG) = (Vf) xG +f(V xG) (C-16)
Vx(VxG)= V(V-G) - V*G (€17)
VG = & VG, +y V3G, +2 V*G, (C-18)

V- (FxG)=G-(VxF)-F-(VxG) (c-19) [625]
F-(GxH)=G-(HxF) =H-(FxG) ’ (€-20)

Vx(FxG)=F(V+-G)-G(V-F)+(G-V)F

- (F-V)G (c21)

V(F+G)=(F-V)G+(G-V)F+Fx(VxG)
+G x (VxF) (C22)
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J’j(vm) - ds =§G~dt Wit sa i

C.3 XRENET
HALKER
v ;% ;%
L™
v.g= %6, 3 9.
o oy o
2(3G, 3G\, +(9G, 3G\ ~(dG, aG
V x G = 5 2% _ 96y, 5(8C: _9G.), 396, _ 9.
* x(ay az)’(az ax)+z(ax 6}')
g__E _E _€
o oy o
EHLRR
_pe, gLl 08 08
Vg=r $r8¢+z
S 8,6y L3 6
VoG= e vt
anz;(Li.Gg_aco) (L‘;»_L‘;x)
rob oz oz or
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+z 7[_(’6)'34:
Lo ap), L, g
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& ra('ar)+r a e
RUIFR
_ o, 1
Ve=ro t07 $rsm98¢
26 V.G=Li,c)+ 3, sin g) + —— %s
7 oar 5m069 rsm0 0
vxa:'vsino 39(0 5'""’)_—]
Y
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(c23)

(C-24)

(C-25)

(C-26)

(C-27)

(C-28)

(C-29)

(C-30)

(C-31)

(C-32)

(C-33)

(C-34)

(C-35)
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sin(a £ B) =
cos(a xB) =

. L1
sm(-—— ta)=
2
L1
COS(—- E3 l!) =
2
sin a cos B =
cos a sin B =

cos & cos B=

D =fMmxXH

sin a cos B + cos a sin B

cos a cos B F sin a sin B

cos a
Fsina

S Lsin(a +p) +sin(a -p) ]
%[sin(a +B) -sin(a-B)]

%[cos(a +B) +cos(a-B) ]

sin a sin B = —%[cos(a +B) - cos(a-B)]

sin = 2 sin 5 cos 5
2 2
sin 2a = 2 sin « cos a
a L2
cosa=2cos’ o -1 =1-2sin" 5
2 2
D end? ~ eod? N L2
cos2a=2cos @-1 =cos’a-sina=1-2sin"a
cos 3a =4 cos’ & - 3 cos &
4 2
cos 4a= 8 cos' @ -8 cos’ a + 1
me1, o om Mo
cos ma = 2 ’cosa—l—|2 ‘cos" e
m(m =3),n-s =
LGS PRSI
2!
1=sin’a +cos’ @
2 1 2
sec’ a= —5— =1 +tan‘a
cos’ a
¢ o o
sina=a -7+ mor e

(D=5)
(D-6)
(D-7)
(D-8)
(D9)
(D-10)
(D-11)

(D-12)
(D-13)
(D-14)

(D-15)
(D-16)
(D-17)

(D-18)
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PRV S
a a a
cosa-l—i—! 4—|-6-'+ (D-19)
e = cosa £ jsina (D-20)
tan a = sin & (D-21) n

cos a



sinh a =

cosh a=

tanh o

"

sinh(a + jB) =
cosh(a £ jB) =

sinh(ja) =

cosh(ja) =

- 3 s 7

[ Y S - S 18
T2 Tetaytsitort
- s 4 s
e +e a a a

Slegitarter
sisha _ _1

cosha  cotha
sinh a cos B  j cosh a sin B
cosh a cos B + j sinh @ sin B

jsina =

cos o =

(E-1)

(E2)

(E3)

(E-4)
(E5)

(E-6)

(E-7)
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F.1 $$ise s &8

BRoR BTSN BT 5 R I (RBk R BT o
8(x-%) =0  x#x,
YRB AT, RBR TR, BRAANRNT TR 1,0

[ 80x - z)ax =1
Bist 8 BB H— A ROPLIANT :
[ 680 = 20)dx = (20)

F.2 ZHAER
(a46) = a v nap 4 20 L)gy

3
(ltx)'~1znx x<l

NICES IUES W

F.3 WE/REM

Jo(%) = ;—nf'e'""da

J(x) = J;—;f'e’"”m(na)da
o (e
- ’-Zu mi(m +n) 127"

O e O R )

2, (2)dz= 2™, (x)

(F-1)

(F2)

(F3)

(F-4)
(F-5)

(F-6)

(F-7)

(F-8)

(F9)
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f(l — ) aly(bx)dx = 2[%}1»,,(1;)

F.4 SEHFANRAS

e
b+

Jsin(a+bx)e"dz= [e sin(a + bx) - b cos(a + bx) ]

- i
sin’ x
| = n

%
Si(x) = L'““TT dr  EHBGH
(e =- [ =Tar  HEBY

Cin(x) = J:l—_?ﬂ dr

Cin(x) = 0.5772 + In(x) - Ci(x)

C(x) = [ cos( E7*)dr; C(-2) =-C(x)
feol37) FRERS
$(x) = [sin(Zr)drs  S(-2) == 5(x)

(F-10)

(F-11)
(F-12)
(F-13)
(F-14)

(F15)
(F-16)
(F-17a)

(F-17b)
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NPOINT =1 4R AT HAERR i 95 RETTAR L 4 IR B (6, ) )

0 WRE LRITH
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G.3 EABKXKERE WIRE
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A
Absolute gain( 48313425 ) , B Gain
Absorbing boundary condition ( ABC) ( V& it i1 5% 5%
#),511 ~515
Achievement efficiency (7T 5% %) , 8 W, Efficiency
Active impedance( 1 BT , £ Impedance
Active-element pattern ( 45 I ¥ 7T ) Jr 7 P ) , 126 ~
127,135
Active region( ARSI X)) 251,254 ~ 255,265,270
Anechoic chamber( %) ,411
Antenna beam solid angle( KR AL S ) 39
Antenna factor( KK F) ,423
Antenna pattern( K77 (18 ,33 ~37
Antenna range ( KM R ) ,411
Antenna scattering see Radar cross section of antennas
CREMAT, WKL L)
Antenna ( noise) temperature ( K £R ( M7t ) W8 1) ,
400 ~403
Antenna under test( AUT) (#$3%) , 8 Test antenna
Aperture( [142) :
antenna( I ERE) 11,557 8
blockage ( F17Z3#i$4) 346
distribution( 124344 ) ,350
efficiency (E%#) , £ R Efficiency
effective( 44 142) 78,294 ~295
illumination( 172 §8f) 332
receiving( #11) ,395 ~ 400
Aperture couple microstrip antenna feed ( FL AR & 312
R RE) 213 ~ 215
Archimedean spiral antenna ( B 3£ X 28 $R e K ) ,
254 ~257
Array (REME)
asbitrarily configured ({E & HFFIRKM) ,128 ~ 129
binomial (M) ,117 ~ 118
circular( FEFF) 128,467 ~ 469

collinear( 3E4E) 107 ~110,461
conformal ( JtJLRF) ,87,128
directivity (F7 [81#£) , 112 ~ 116,120 ~ 121
Dolph-Chebyshev (Gl /R % - RILE K E), S0
Linear array factor, 88 ~ 107
feeding of (EeFiftet) , B Feed for amays
linear( H#AFE) B W Linear array
microstrip( HCHFRE) ,216 ~218
multidimensional ( 2 4B ) , 128 ~ 130,136,470 ~
47
multifunctional ( £ THAERE) ,136
ordinary endfire( #3fi3i41R) , 21 Linear amay
parallel element(3¥-477C) ,110 ~112
phased (46 £2F%) ,87,130 ~ 135,471
planar(iPE) 87,128 ~ 129,470 ~471
superdirective (77 (14 ) , 8 W Superdirective
Vivaldi 538 ~ 542
Axial-mode helix antenna( il S{#RIER RZ) . £
Helix antenna
Average active-element pattem( ¥-¥45 WGy [61A) ,
126 ~127
Azimuth positioner( ff [FISE{12%) 414
B
Babinet” s principle( £ HIRIR) 251
Back lobe( # ) ,35
Backscatter(J5 5] #4) ,586
Balanced feed (- #i118) :
for reflectors( Ji TR 412%) 349
for wire antennas( i F L KL) ,183 ~ 187
Balun( &) :
half-wave (3 ,187
infinite( ) ,254
sleeve(FER) , 184
rapered coax( M FIHAL) 186,257
tapered microstrip (¥ ) , 186
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Bandwidth(# %) ,9,172 ~ 173,225

Beam broadening( 3 &K ) ,131

Beam broadening factor (I &% 7 30) ,382

Beam deviation factor( BDF) (B # (R R ) ,341

Beam efficiency ( ## %) . £ R Efficiency

Beam forming network (I M4 ) , 2 R, Feed for
armays

Beam switching( B HFF %) ,134

Beam solid angle ( B30 4111 ,39

Beamwidth (R HEHE) ,36

Beamwidth between first nulls ( 55 —% & fa) () 9 3 5
1) 34,102

Bessel function( I #/R %) ,317,631 ~632

Beverage antenna(fTH{X£k) 226,230 ~231

Biconical antenna( SUHE K 4%) ,240 ~ 243

Bifin antenna( AU K£L) , 8 W Bow-tie antenna

Binomial array( I\ ) ,117 ~118

Blind scan angle( £14#3E#1) 135,470 ~471

Boundary conditions (/1 % f4) ,14

Bow-tie antenna( 7 K£8) 243,259

Brick feed (BUKSIRIA) , 8 Feeds for arrays

Broadband antenna( #4#f K4R) 11,225

Broadside antenna(il1 8t K%) ,36

Butler matrix ( Butler #iFf) ,134

(o}

Capacitor-plate antenna( AR KAL) ,58

Cardioid pattern (L% 7 141 ,93

Carrier-to-noise ratio( $(% ) ,401

Cassegrain reflector antenna( ¢ B & 52 41 88 K£L) |
335 ~338

Caustic( K #0) 548,584

Cavity-backed Archimedian spiral antenna ( # & b 3
KABRIERLL) 256

Circularly polarized (B ALHY) ,49

Co-polarized (Jt4R4L1K) ,398

Collinear array (3££44) ,107 ~ 110

Collinear dipoles( 3£k T) ,107 ~ 110,125

Collocation( A ) 445

Coma lobe( BIFH) 341

Communication links (i fF/ %) ,79 ~ 81

Compact range( MM k) 413 ~414

Complementary antenna( HIBYKL) 250 ~ 251

Computational electromagnetics ( CEM ) ( it % 8 &
%) ,427 ~428
Conductivity (HL5:5%) , 2 WK% B. 1,13
Conformal array (3TZEF) , £, Amay
Conic section( FIHERIZR) ,335
Conical equiangular spiral antenna ( 1] 4 % #1 8 i K
£),257 ~258
Conical hom antenna( [l ##MY\ K £L) ,300,354 ~355
Constants (%) , 5 WH % B
Contour beam(fiJEHHK) ,334
Comer reflector antenna( ffi 418K £2) ,196 ~ 198
Corporate feed (A RIRWE) , £ A Feed for arrays
Corrugated conical hom ( ffi B E#U\) ,355 ~356
Cosine-tapered line source( R 3%Z#THILLH) ,152 ~ 155
Creeping wave( &7 ) ,486 ~ 487,584 ~ 589
Cross-polarization ( 3¢ X #%4£ ) ,329 ~ 331,338 ~ 340,
397 ~398 418 ~419
Cross polarization efficiency (2 LAk ¥) , 5L Ef-
ficiency
Current density(Ji#5H) :
electric( AL EHE) ,13
magnetic( BEFHHE) 14
surface( FMMEHE) 14
Current element( HH#i7G) , % R, Ideal dipole
D
Delta gap(8 FIBR) ,435
Diffraction( £¢4%) :
curved surface( Hi4E41) ,584 ~ 589
reflector( /2 41 #84¢41) ,328 ~329,571 ~573
wedge (¥ f94E81) ,552 ~ 568
Diffraction integral (9£41815}) ,281
Diode phase shifter( — W) ,135
Difference feed (211) ,135
Dipole( i F 4T ) :
broadband ( FHF i F) 172,242 ~ 244,246 ~ 249
folded ($7 4R T) ,175 ~ 180
full-wave( £ IRF) ,168
half-wave (¥ # 1) ,6,10,59 ~ 62,165 ~ 173
ideal (FEAD{HHR F) ,7,20 ~25,38 ~39,41,44,57,
78
short( f5# 1) 45 ~48,56 ~59,166
sleeve( @1 F) ,246 ~ 249
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straight wire( B S RF) ,165 ~ 173
top-hat loaded , (TREEHN#LLRTF ) ,58 ~59
vee(V FIHARTF) 173 ~ 175
Dirac delta function (% $%% & #3%() ,18,20,107,,631
Dielectric constant( # /i % %) , 2 W, Permittivity
Dielectric substrate(f}FHE) 215
Direction finding( #[4]) ,135
Directive gain( 5 (51} 2§) ,42
Directivity ( J7 A1) :
aperture( L1277 ) 292 ~294
definition of (J7 3P %) ,39 ~40
factor( F7 o I 1) ,297
Hansen-Woodyard increased (1 % — {1 78 T #1138
H9F7 ) B W, Linear array
linear array( £ J7 [6¥) , £ W, Linear array
standard (b7 J7 1 #4:) ,293
uniform line source ( #5147 1Y) 149
Directivity-beamwidth product ( 77 [ # - ¥ 5 % #&
B),297
Directly coupled microstrip feed ( Ef 2 # £ 0 4 1%t
) 213 ~214
Discone antenna( it K4k ) 243 ~245
Dispersion( {4,f) ,507,516 ~ 517
Dolph-Chebyshev array GH/R K ~ % H % K RARFF) |
£, Linear aray
Driving point impedance ( #fi A B #7) , £ R Imped-
ance, antenna
Dual-linear pattern method ( XX ¥ 77 1) B #% ) , 421 ~
422
Dual-mode conical hom ( UHHETEMIN) 355
Dual reflector( $Z#12%) , £ W, Reflector antenna
Duality (3} {8 ,68 ~71
Dual polarized (BURALHI) 9
E
Earth( #%R) ,198 ~205,230 ~231
Eccentricity({R04) ,336
Echo width( [21 8 B HE ) ,585 ~ 587,603 ~ 604
Edge illumination (14 ##) ,332,156 ~ 157,573
Edge taper(GH4HTHI) 332
Effective aperture( #/2{1%2) , 2R, Aperture
Effective isotropically radiated power ( EIRP) (4 % #
FEERITE) 80

Effective length of an antenna( REMAKKIE) , 2
T, Vector effective length
Effective permeability (# % %) ,74
Efficiency( (%) :
achievement( A% ) 295,342,345
aperture( 1A% %) ,79,217,295,342
aperture blockage (1 RERSHRHE) 346
aperture taper( [ #2#iH)) ,294 ~295,342
beam ( B MRH) ,296,418
cross polarization (%2 LR ALZE) 295,346
illumination ( HUSHRL) 295,343
impedance (B HU%( %) , £ R Impedance mismatch
factor
polarization (B¢ {2 %) 80,396 ~400
phase-error( i iR 2 8R) ,295,347
radiation( §FHBCK) 42,78 82 ~83,294,342
spillover( (%) 295,342 ~343
Electrically small antenna( #i/NK£) 11,56 ~59
Electromagnetically coupled microstrip feed ( 3 @184
W) 213 ~214
Electronic scanning( 8§ $1##) ,8 R, Scanning
Element factor( 76 ) ,33,109,282
Element pattern( JC77 (4178 ,88,107,109,126 ~ 127
Elevated range( B #it45) ,412
Elevation-over-azimuth positioner( ffy ) 7} i 2 {1.2%) ,
414 ~415
Elliptical polarization( HBE 1t) .49
Endfire antenna ( 38 §f X £ ), 36,114 ~ 115,191 ~
192,227,236
Endfire array (41 X&) «
Hansen-Woodyard, % I, Linear array (1 % - %
RIS, RERFF)
ordinary (#3481 PF) ,103 ~ 105
Equiangular spiral antenna( % ffi $RBEXLR)
Equivalence principle( % %(5) 276,523
Equivalent currents (% 2089i) ,277 ~ 278,523,578 ~
581
Equivalent radius( % %0¥12) ,173
Expansion ratio( 3 J& H.) ,253,260
F
Fan beam( BT BH) 37
Faraday rotation( HHIHEHERE ) ,400
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Far field distance (GE5BE8) , 2 W Field region
Far-field range( 5 WX35) ,412
Far-field region(i&#X ) ,% WL Field region
Far zone( &K ) , 51 Field region
Feed for arrays( KELFERIHIR) «

brick (FUARKIBR) 134

corporate( Al AR ) ,133

difference (218 ,135

hybrid (&) ,134

multiple beam( %3 # ) 134

optical () ,134

pasallel (IR ) 133

series( RIKIRE) 133

space (75 [l {3 134

sum( FIHRPL) ,135
Feed for reflectors ( 2 8 28 A95RI) ,300,349 ~356
Feed network (1#HLI%%) , & R Feed for arrays
Ferrite phase shifter( ZLIA ) 135
Field equivalence principle ( %% %), % R E-

quivalence principle

Field probe( H#3k) 422
Field region( zones) (H1X) :

near(E#1X ) 23,30

Fresnel (iFRFX) ,31

far(iEH1X ) 24,30

radiative near(§HAHEHEK ) ,30

reactive near(JEAHAHEHIX ) 30
Finite differences( 72 5}) ,498 ~499
Focal point( k) 322,335
Focal length-to-diameter ratio (F/D) (#k4&tt F/D),

323

Focal plane distribution ( FPD) (f%ii%}45) ,350,573
Focus-fed reflector (#1241 8%) ,327
Folded dipole( 7 & #&F) ,175 ~180
Footprint( i) ,335
Fourier series method ( {# L0} 4 3#k) 373 ~377
Fourier transform ({40t 454) ,157 ~ 159,366 ~370
Fourier transform method (8 HLFt 2548 ) ,368 ~ 369
Fraunhofer region( KIRFK X ) ,£ W, Field region, far
Free excitation( [ i #(fif) ,125
Free space range( (3 %7 A 5%) 411
Frequency bands( i) , £ LMt A

Frequency-independent antenna( JF3EER) 250 ~
252
Frequency scanning($3%5) ,£ I Scanning
Fresnel integral (I /RB14)) ,302,554,632
Fresnel region( JE¥/RIX) , 8 Field regions
Friis transmission formula( 3 BYT 8 2AL) .79
Frill generator( 3554 28) ,436
FD-TD(BHEA RESE) 5 11 &
Full-wave dipole( £##& 1) 167
G
G/T(REM % 5 REMA R ) 403
Gain(1#25) ,8,37 ~43,78,294 ~ 296,342,397 418,
459,533
Gain comparison method ( ¥ 2§ H.#3%) ,415 ~416
Gain pattem(JH25) 395,416
Gain transfer method (1 25§ B #%) , £ I Gain com-
parison method
Galerkin® s method ( {MiL £:3:) ,442
Gap microstrip antenna feed ( H{#F SEBX K& M) ,
215
Geometrical optics ( JL{Af ¥ ) , 276, 281,325,338,
546 - 552
Geometrical theory of diffraction ( GTD) (JL{sf 541 5
i GTD) 338,561
GO/Aperture distribution method ( JL{o] 32/ 11 42 5
Aik) 325 - 327
GRASP reflector code( /2 81284k f+) ,328,331
Grating lobe (1) .99
Ground plane(H13F) :
imperfoot (J5: 54k L) ,198 ~205
perfect( SEHI ) ,63 ~ 68,574 ~ 578
Ground reflection range ( 3 i 2 33 3835 ) 414
H
Mali-power beamwidth( 3% 5% ) 36,103
Half-wave dipole( k1) ,59 ~ 62,167
Hallen(¥§{g) ,452 ~454
Hansen-Woodyard endfire array (I #% ~ ffi#8 W85 4§
KELFE) B U Linear amay
Hansen-Woodyard increased directivity (i 7 ~ (A #8IL
HOIHGRFT14E) , B W Linear amay
Helical antenna( $HE£X K £k) , £ Helix antenna
Helix antenna( $EEERKER) «
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axial mode( §HIEIAY) 231 ~232,235 ~239
normal mode (#6188 231 ~235
quadafilar( POV $RHELK ) ,235
stub( fE#LER ) 234
Hertzian electric dipole(#%%# 4k ) , £ I 1deal di-
pole
Homogeneous media( )51 ) ,546
Homn antenna (WL X 4 ) , 298 ~ 316,524 ~ 531,
568 ~571
Huygen” s principle (4TI [R8) , £ 1 Equivalence
principle
Huygen" s source( BEEHTIE) 351,553
Hybrid mode feed (YR ABUIMIR) ,355
Hyperbolic relations ( Ui 3% &) , £ WHf# E
I
Ideal dipole( S % F) , £ W Dipole
Ideal Taylor line source( FRAR JEBh4L ) ,386
Impedance( BT @
active( BBIHL) 125
antenna( REEHLHL) 8 ~9,43 ~48
driving point( ¥/ BT ) ,540 ~ 542
input( i ABLIL) , 3 ). Impedance ,antenna
intrinsic( A {ERLHL) 22,28
mutual (EHIHL) 122 ~ 125,406 ~ 409
self( [ BHT) ,122 ~ 123,407
transfer( EBSHLATL) 408
Impedance matching( F$LICAE) 48,180 ~ 187,396
Impedance mismatch factor ( B 4 % B2 B4 ) , 80,
180 ~ 181,396
Infinite balun ( ERREE) 254
Infinite bicone ( TR < AL ) ,240 ~242
Infinitesimal dipole ( TR/MBHR ), £ R Ideal di-
pole
Integrals( BL5}) ,632
Intercardinal plane( #fi) 3 F) ,129
Interferometer( F-#{%) ,131
Inverted-F antenna( ff F K4) ,58
Inverted-L antenna( f] L K£8) ,58
Invisible region( R§[X) ,83,159
Tsolated element pattern ( FLSLIC 1B ) ,126 ~ 127
Tsotropic antenna( % 1A K4) ,36,43,78
Isotropic radiator( # [ FIYESRST25) ,8,38,40,89

lterative sampling method ( 3% B %) , £ I Sam-
pling method
J
Johnson noise( #FEM /) , 8 W Nyquist noise
K
Keller,J. B. (FH#)) ,561
L
Linear array (£RFF) :
beamwidth( %) ,102 ~ 103
directivity (ZRBEH H14E) ,112 ~ 116,120 ~ 121
Dolph-Chebyshev( /R - RHH KLRM) 118 ~
19
general properties ( £k & ) — AR 4F HE ) , 88 ~ 128,
466 ~ 467
Hansen-Woodyard endfire (i #f — {E#8 T AMS X
£),105 ~106,114 ~ 115,159 ~ 161,192 ~ 194,
236
main beam scanning of (ZXEEA) M) ,102
nonuniformly excited ( 4 ¥14) & HF) ,116 ~ 121
ordinary endfire( 3 H4HLLFF) 104,114
unequally spaced (X% [E]BiZEHF) , 108 ~ 109
uniformly excited (357 #EHLREF) ,99 ~ 106
Linear phase( £ #4841) ,131
Linearly polarized (4R 1L) ,49
Line current (£HH) , % L Line source
Line source( £ ,25 ~37, %5 4 &
Loading( #i14%) ,461
Log-periodic( XK FAM) :
antenna( X HURAWIKAR) 259 ~270,462 ~ 465
dipole array (3 %R FFF) ,263 ~ 270
toothed planar antenna( #7534 ¥ B W F B KER)
259 ~261
toothed trapezoid antenna(# # JE 34 MM KR )
262 ~263
toothed trapezoid wedge antenna ( 6 #5 7% 15 % /A 3
BIERR) 262
toothed trapezoid wedge wire antenna (4 4 7 X
JAWIBIY FLEKLK) 262 ~263
toothed trapezoid wire antenna (4t 7% X $U8 # %
BRRA) 262
toothed wedge antenna( # 7 X 8RB BIL K K)
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262
zig-zag wire antenna( HE LR KER) 263
Long-wire antenna (K £ X £k ) , £ W Traveling-wave
long wire antenna
Loop antenna( FFKL)
cireular( IR X£k) ,205
small (/NFRE) 71 ~76
square( A IFRL) 205 ~210
Loop-stick antenna (3 - FFR£R) ,74
Lorentz( or Lorenz) condition (&€ 34 {4) .17
Lorentz reciprocity theorem ( i 4% & 5 i ) ,405 ~
406
Love's equivalence principle( Love %K) 277
M
Magnetic moment( BN ) 73
Magnetic field integral equation ( & 3% B4y Oy ) ,
484 ~ 486
Magnification ( i k%) ,337
Main beam( 1) ,34 ~35
Main beam efficiency ( FM4 %) .5 W Efficiency
Main lobe( ) , £ Main beam
Major lobe( A#) , % W, Main beam
Main beam efficiency ( L # %) , £ W Efficiency,
beam
Main beam solid angle ( £ # # 32K M) , £ W Beam
solid angle
Matching technique( VG2 AR ) ,180 ~ 187
Maximum effective aperture(JEAF R4 77 ~78
Maxwell’ s equations ( % )47 5 iy B 41) , 12 ~ 16,
495 ~498
Mean-square error( 377 % ) ,369,374
Measurement (i fit ) :
field intensity (353R W) ,422 ~423
gain( 5 HL) 415 ~417, 530 9.6.1
impedance LR ) 405
mutual impedance (L EHIRAR) ,124
pattern ( Jy B i) 405 ~ 415
polarization( # fLW fit ) ,418 ~422
Method of moment (45 ##) , 45 10 %
Microstrip antenna( fiCH# %£8) 10,210 ~218
Minor lobe ( fI3#) ,35
Mobile telephone band ( B3 i%#EL) . £ WK A.3

Model tower(1%18%) ,415
Monopole( #1457 66 ~ 68,533 ~ 537
Monostatic radar( 83§83 ) ,403 ~404,599
Multimode hom( £ ,355
Multiple beam feed network ( & ¥ HUM L RI%%) , 5 L
Feed for arrays
Multifunctional array( ZTHAER LK) , 2R Array
Mutual coupling( TL§) ,121 ~ 128,471
Mutual impedance( FLP$i) ,£ R, Impedance
N
Near-field range (i 35#i%1%) 414
Near-field region(H{$1X) , 2 R, Field region
Noise(ME7) 400 ~403
Noncontacting microstrip feed ( 3F 3% i 84 9t L),
214 ~215
Normal mode helix antenna( ¥: (i ISR IELR KL ) ,234
Numerical stability (¥ {f& 5 #) 505 ~ 506
Nyquist noise( %8 Z X7 F§ 47 ) ,401
o
Obliquity factor( ¥iHI/ T) ,282
Omnidirectional pattem ( 416 J 61 P) ,% L Patte
Omnidirectional antenna( £ K4 ,36
One-wavelength square loop antenna ( — ¥ Ji 3f X
£),205 ~210
Open-ended waveguide ( # 3§ JF 1 3% %), 8 W
Waveguide
Open-sleeve dipole( 3 N F A1) ,249
Optical feed (J:IRIR) , B0 Feed for arrays
Ordinary endfire arrays (¥l 5 94 KLLRE) , 8 W Line-
ar armay
Orthomode transducer( OMT) (IEZS#UE #2288 ) ,347
P
Parabolic reflector antenna ( #471fi i $f 8 K£8) ,299,
322 ~347,571 ~573
Parabolic cylinder antenna ( # #) 4 i K ££) , 348,
571 ~573
Parabolic torus antenna( MPFHF KL ) ,348
Parallel dipoles(F474&F) 111 ~112,124
Parallel element array (¥47TCRERF) 110 ~ 112
Parallel feed for an amay( KZRE M B ) , &0
Feeds for arrays



Parasitic array( T KL 187
Partial gain method ( #4M#25%) 417
Patch antenna( ¥ X&) , 8 0 Microstrip antenna
Pattern(J7 6 H)
cosecant (¥ Jy 1) ,54
desired( Hil1J7 51 366,368
difference( %7718 , 135
E-plane(E 77 [71) 24
Gaussian( #7775 .55
H-pattern( H HJ7 10114} ,24
multiplication( 75 [ A BL) ,107 ~ 112
omnidirectional ( 46175 [é] 1) ,25
polar( A b5 )i (6 ) 24,34
power (Wi )7 1f) 34 ~35
principal plane (4 - J [54) ,24
radiation( 4§41 5 F1/41) 8,24 ~37
sum( FiF7 (16 ) 135
synthesis( 77 6] BIZR4 ) (3 8 4
Patter factor( J5 [5B[4 -F) ,33,109,366
Pattern multiplication( 77 (6] F e B) , & W, Pauern
Peak gain( HE(UIH3%) B Gain
Pencil beam( &) ,37
Perfect ground plane( 54k 5 fy ¥ ) , B 5. Ground
plane
Permeability (# % %) ,13,74
Permittivity ( L4 20 ,13 ~ 14
Phase constant(FI{13 %0 ,18
Phase-error efficiency (AR XM ) B R Efficiency
Phased array (#il#£) , &R Amay
Physical optics(PO) approximation ( #1803 #3E 1)
280,328,597
Physical optics/Surface current method ( )7 )5/ 3
P ik ) 328 ~ 329
Physical theory of diffraction( PTD) ( #7358 3if) «
for reflector( [ 4 8% (1) ¥ ML A HLiE ) 329,610 ~
612
theory (PTD i) ,604 ~ 608
Planar amay (¥ RERF) 128 ~ 129
Planar equiangular spiral antenna (- il % fiy # 3 X
#),253 ~254
Plane wave ( -ifij#) ,28,48,151
Pocklington” s integral equation ( J S AREET T .

430 ~432
Point-matching( £ $%A0) 434,452 ~453 482 ~ 486
Point source( £#) , %R, Isotropic radiator
Polar diagram (R 447 ) , 2 1L Pattemn, polar
Polar pattern( #4777 [E1/E) , % W Pattern , polar
Polarization( #¢1k) 9,48 ~52,80,397
Polarization of an antenna( K& #9H k) ,51
Polarization efficiency (1R b4(%) , 2 WL Efficiency
Polarization mismatch (¢ ft% A2) , £ R Polarization
efficiency
Polarization pattern method (# fLPFE 1) ,419 ~420
Positioner (GE{L2§) (414 ~415
Potential (1) :
scalar(FRit(7) 17
vector( KAL) 16 ~17
Potter hom ( Potter #W\) , % i, Dual mode conical hom
Power gain(Z)#i28) , B R Gain
Power pattemn( % /i [4]/8) , £ 1, Pattem
Poynting” s theorem (JE ENEE ) ,15
Poynting vector(JHENZER AR ) ,15
PRAC reflector code( PRAC [ 8 384K {4) , £ WK
#G.4,328,354,
Prime-focus reflector antenna( £ $1 3 KL) , &1
Focus-fed reflector
Primary antenna( £ X#) 327,349
Primary pattern( E77 F1H) 327
Principal half-power beamwidth( 324 B s £ AR ) 36
Principle of pattern multiplication( Jy o] P BURE) .
109
Printed antenna( EJBIK£R) 210
£, Linear phase
Projection technique(#EHA) 129
Proximity microstrip antenna feed ( 45 i 2 X £ 9t
#) 215
Pyramidal hom antenna ffj #t o W\ K £k, 298 ~ 299,
300,310 ~316
Q
Q,82 ~83,159
Quarter-wave transformer (4432 — A E 2% 214
R
Radar(#ii%) ,3,403 ~404
Radar cross section( @ i #Rifii) ,403,459,599
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Radar cross section of antennas ( K £ i) 5 #) ,
472 ~476
Radar range equation( ik fE FBER 7 #) 404
Radiansphere ( $E41ER) ,24
Radiated power($8812h%) 4,23
Radiation boundary condition ($§$f 1R &), &R
Absorbing boundary condition
Radiation efficiency (441 ) , % i Efficiency
Radiation field (§§4135) 23
Radiation intensity ( 413/ ) ,38
Radiation mechanism($&81HL#) ,4 ~8
Radiation pattern( $881 7 61/) , £ R Pattern
Radiation resistance (¥ 41 #1BH) 44 ~48,58,66,74 ~
6
Radiometry ( §i41) ,400 ~ 403
Range (W3%) , %W, Antenna range
Ray optics (#ERI4) 546 ~ 552
Rayleigh distance (SFIB ) , £ W Field region, far
Reaction( i) 405,445 ~ 446
Realized gain( CFRI¥3E) ,397
Receiver sensitivity ( {2ICHL R 8% ) 423
Reciprocity( H.5 ) ,8,404 ~409
Rectangular aperture( 55 H142) , 8 1L Aperture
Rectangular pattern( 4% 7 1) , £ . Pattem
Reflector antenna( 23 $K4) 299,322 ~348
axisymmetric (iR 8§ RER) 323
Cassegrain( R HM R MRE,) 335
cross polarization ( 2 81 8% KA M2 UBRAL ) ,346
diffraction effect (2 3188 K2k 9 56 41 U ) ,328 ~
329
dual (XUELBT28) 335 ~338
dual offset( KUL- 12 4 B%) ,340
equivalent parabolic( SR K2 41 44) ,337
focus-fed (#1941 4 KAL) ,327,329
horn (54 2 REL MM ) ,348
Gregorian( K% X HL I 58 KR ) 335
multiple( % % 48 K£L) ,341
offser( {0 4T #§KER) 334 ~335
parent( £} {4 [ 418%) ,334
parabolic-torus (#il ¥y i 57 /2 41 KR ) ,348
shaped (I J2 4 8% K£R) ,337 ~ 338,348
spherical (BRI [ 81 88 K £) ,348

surface error( [T #f $§ RELMRMIRE) ,346 ~347
Reflector,in a Yagi antenna( \ KK H 2 §128) ,189
Relative gain(F%13#28) .43
Residual (#1#) , £ I Weighted residual
Resonant quadrafilar helix antenna ( 34 V0¥ 8 e X
K),235
Resonant( quarter-wave ) stub helix antenna ( i# & 144
Z-BRERBIERL) 234
Ripple( #£X) ,377
Roll positioner( § Bh5E {11 28) ,415
Rotating source method ( § ¥ 3% ) , £ I Spinning
linear method
Rhombic antenna( B X£) ,229
Rusch” s method( Rusch i) ,328
S
Sample point(JURE ) 371
Sample value (BUFF{) ,371
Sampling method (P ) «
iterative (ZfRBUREX) 390
Woodward-Lawson ( {fi # i % - B &KW ),
370 ~372,376 ~378,387
Scalar hom (7 ft#WL) ,356
Scan blindness(#i5EX ) ,135,470 ~471
Scanning($34#) :
beam switching( B HEIB) 134
electronic( L F13H) 134
frequency( F35%) ,133 ~ 134
of pattern main beam (7 [ E8 M $34) 9,102,
130 ~134
Scattering( () 479,598 ,604 ~ 606
Secondary antenna( Y KLL) ,327,349
Sccondary pattem( Y45 ) ,327
Sector pattern( 4 1 ) ,369 ~372,374 ~375
Sectoral hom antenna (B J MWL K ) , 299 ~ 310,
524 ~531
Self-complementary antenna ( £ $h K £) , 251,253 ~
254,261
Self impedance( B Fi#) ,£ R Impedance
Self scaling( F H.#) 252,255
Sepurable distribution( A 5 B 43 4 ) , 157,289,294,
366
Series feed of an array (FF 39 §119t) , £ L Feed for
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arrays
Shaped heam (BRTE #5#) 348,366,368 ~ 378
Short dipole( 47 ) ,2 i Dipole
Shunt matching( }EXPTAL) ,182 ~ 183
Side lobe ( 3##) ,35
Side-lobe level (SLL) (MW ¥) 36,100,377
Similar array elements( HIFIRETE) 108
Sinuous antenna( 5% K%R) ,258
Slant range( {44 #i%}5) 412
Sleeve antennas( K2 ) ,246 ~249
Slice generator( J iR % 4 2%) ,435
Slope diffraction( #34¢4t) ,576
Slot antenna( 4P K48 ) 251
Slow wave( 1§i#) ,192 ~ 194
Small antenna( /K ) , 2 Electrically small antenna
Small loop antenna( /NER KL ) 110,68 ~76
Smart antenna( £ fE K£R) ,130
Space feed of an array ( F £ BF %5 ) 1 3) . 2 10
Feed for arrays
Spherical wave( Eifii) 19
Spherical spreading loss( BRI #3514 ) .326,332
Spillover( #ii}) 343
Spinning linear method (B 5% ) 420 ~421
Spiral antenna( 4E K£L) 252 ~259
Archimedean (B K08 81 K2R ) 254 ~ 257
conical equiangular ( #f 12 % fy 81 K 48 ) ,257 ~
258
Spiral antenna (continued )
cavity-backed Archimedean (5 2 24 B 36 K 56 48 1
KER) 256
equiangular( 4 ff 81 KR ) 253 ~ 254
Square loop antenna( FH K4 ) :
large( K JSRKE ) 205 ~210
small (N HFFRE) 72
Squint( 1) ,340
y (VREJ7 4 ) 5 W Directivity
Standard gain antenna( AR 2 K2R ) (415
Stationary phase( #4) ,601 ~ 604
Sum feed (FNH) 135
Superdirectivity (#7761 ) 82 ~ 83,106,159 ~ 161,
3
Supergain (& 5) .83

Standard directi

Supergain ratio( B 25 ) 159

Surface wave( i) ,135,192 - 194,215,217

SWR(3F# L) . B VSWR

Symmetric( %) , 101

Synthesis(5:45) B8

System noise temperature ( 7G4 T ) 401

T
Tapered coax wideband balun ( #7725 [F] 4 T B2 48)
257

Tapered circular aperture ( #7H] B 1142) 319 ~331

Tapered line source (¥ HIZ#) ,152 ~ 157

Tapered rectangular aperture ( # H 59 1144 ) 289 ~
291

Tapered slot antenna( #i ZESEPR KL ) , £ Vivaldi

Taylor line source( 4 #1245 ) ,384 ~390

Television channel (4 BL8RIH ) , £ W A.2

Test antenna (il K£) ,409

Time-delay scanning( #E8113#) ,% I, Scanning

Toeplitz matrices (€ ¥ 51| 256 ) 455 ~ 456

Top-hat loaded dipole antenna( TR 34K 7 K£) ,
%W, Capacitor-plale antenna

Transition width( 33 ¥ 5% ) 377

Transmission-line loaded antenna( &4 4k N4 K42) ,
58 ~59

Transverse electromagnetic ( TEM ) wave ( #{ i RE i) ,
% Plane wave

Traveling wave antenna( 173 K4) ,226

Traveling-wave long wire antenna ( {7 I K2 K4 ) ,
226

Trigonometric relations( = fi X R ) . 5 W% D

U

Umbrella-loaded monopole (/i 4% 4.4 1) ,68

Uniform line source(#)5]£k ) ,32 ~33,143 ~ 152

Uniform progressive phase (25787t #{i) , 2 | Lin-
ear phase

Uniform circular aperture( 351BI114%) 316 ~ 318

Uniform rectangular aperture ( 1§51 [14%) ,285 ~
289

Uniform theory of wedge diffraction ( 8§ g - - ¥ ¥ 46 8¢
HiE) 564 ~ 568

Uniqueness theorem( i — 5 1) 276

Utilization factor( FFjiF) , £ W, Efficiency ,aperture
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taper
\

Validation (iE35) ,457

Vectors( K1t ) , £ WK R C

Vector effective length( KB A KK ) ,397 472

Vector potential (5 fiL) , £ i, Potential

Vee dipole(V 4% ) ,173 ~ 175

Vee, traveling-wave( V K€ 178 ) ,228

Virtual focal point( #fk ) 335

Vivaldi 538 ~ 542

Volute antenna( BT KEK) ,235

VSWR(HLFEREW H) 172,181,396
w

Wave antenna( # X£k) ,230 ~231

Wave equation( 34 #),17 ~ 18

Waveguide (%) :
open-ended circular( 43 IF OHTES) 354
open-ended rectangular (% 3% JF DAEIE B %)
290 291,293 ~204
Wedge diffraction( B #9%84t) , £ W. Diffraction, wedge
Weighted residuals, 440 ~ 445
Wideband ( %) , £ ) Broadband
Wire-grid model (£ IR %)) ,477 ~481
Wireless( £%) ,3
Wood" s anomaly(Wood FZ %) ,470
Woodward-Lawson sampling method ( {Fi # ik & - %' %
) B % Sampling method
Y
Yagi-Uda antenna( AR K4 ) 187
Yee algorithm( Yee H 3 ) ,498 ~ 504
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