:2005-04-20;

(1981—),

18 4 Vol. 18.,No. 4
2006 4 HIGH POWER LASER AND PARTICLE BEAMS Apr. ,2006
1001-4322(2006)04-0627-04
( , 610064)
TNO11 : A
L172J b b b b
[3-4] [s] . R
H , [6] .
.1
z
’ ‘ Fleen
’ ’ r
° aperture a
[7] , / y
o
’ F((?vsD,V) /5\#
F0.¢.r) = JFy(@rg:r)’ + F,Grgrr)’ (D ¥,
:0’90’ r ’ Loy Fig. 1 Coordinate system of aperture radiation
;Fg(ﬁ,goyr),F¢((9,g0,7’) F((?asﬁer) (9a¢ 1
) 1 o
) Fo((gygD’r) N (9 f,ﬂ,(evsD,?")
N
Fy(0.p.r) = Dla,e® f1(0.¢.r) (2)
n=1
sa, e n = a, s et i N X
* :2005-12-26

(60125102) 5 863
s 1iujie2003 2006(@163. com,



628 18
9F¢<63§097’) N gD f,,(@ gDaT‘)
F,(0,¢,r) = Za e 200, @7 (3)
n=1
W (0spsr) =] Zl(l + cos®) eﬂ"“”J “(E;’,'Singp + E;cosp) e dS 4
Si0.psr) =] 2;{(1 + cosD e ”’H (Ejcosg — E;sing) """+ dS (5)
| r—r. | = x.sinf sing + y,sinfcosg (6)
= 2D*/A (7
N 57 ds $ T Vs dS xy s D
s A sEr L EY 1 n X,y
[8] 3
1.2
[6]
2.1
, : 2.45 GHz; 1. 61 <0. 82,
TE,, TEo » TE;; s TEy , TMyy » TEy - TM,y , TE, o 4),(5)
r 09@ ° 3’\"5 .
TE,,TEq , TE; , TEy, , TMy, o r=10m 2 ,
JuC0spsr)
FoCOspsr) = /20507 + [5(0,0.17)° (8)
2 s
’ 0032503400 ’ °
321
2.sj\\.
Fad \- Eanl
B 2.4 \ E
> 209\ >
o6l - =
& 121 /,/ " ;
= o f"‘-. /TE" =
.'; )-_‘. :1 . ; . N fi _ ,
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 1380 200

2.2

6/(") /(")

(a) radiation patlerns on the ¢ =9¢ plane (b} radiation patterns on the ¥=0"plane

Fig. 2 Amplitude distributions of radiation field patterns of five modes

2



@) ) ,
’ b o
(2) s ( ) o
(3) ( s ) s .
€] . . ) .
(5 , .
3.1
TEI()?TEZ()?TEOI?TEII’TMII ’ :a120.6,a220.2,a3:
0.1,a,=0.07,a;=0.03; 14, =18",$,=36",¢, =54°,4, =72°,4,=90",
(9:00 g0:900 ’ Oo 9009 50 Fg((99g09 7") ’ 37 ’
’ 31(69§D97‘):F0(69503r)><(1+B>7‘8 iS% °
"» | R, (o —FS 0, 0r)?
/= Eeﬂ Fy ppom 9
i=1
:F§(09§Dv7’) 0 ;np °
(LSMM) (GA) , o +
5% ’ 1 ’ ’
1
Table 1 Computation results of the numerical experiment by LSMM and GA
no error 5% error
parameter LSMM GA LSMM GA
result relative error/%  result relative error/%  result relative error/%  result relative error/ %
a, 0. 60 0 0. 60 0 0. 54 10. 00 0.570 5.00
as 0. 20 0 0. 20 0 0.18 10. 00 0.220 10. 00
as 0.10 0 0.10 0 0.14 40. 00 0.109 9.00
a, 0.07 0 0.07 0 0.10 42. 86 0.065 7.14
as 0.03 0 0.03 0 0. 05 66.67 0.032 6.67
¢, 18° 0 18° 0 17.4° 3.33 19. 8° 10. 00
b, 36° 0 36° 0 37.6° 4,44 32.2° 10. 56
s 54° 0 54° 0 45, 3° 16.11 60. 3° 11. 67
b, 72° 0 72° 0 54.7° 24.03 78.5° 9.03
é; 90° 0 90° 0 52.5° 41. 67 82.5° 8.33
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Table 2 Results of the numerical experiments with different error by GA

no error 5% error 10% error 15% error
parameter result relative error/%  result relative error/%  result relative error/%  result relative error/ %
a 0. 60 0 0.570 5. 00 0.520 13.33 0.710 18. 33
a, 0.20 0 0.210 5. 00 0. 240 20. 00 0. 250 25.00
as 0.10 0 0.109 9. 00 0.112 12.00 0.130 30. 00
a, 0.07 0 0.068 2.86 0.061 12. 86 0.083 18.57
as 0.03 0 0.032 6.67 0.021 30. 00 0.041 36.67
¢ 18° 0 18.9° 5.00 14.2° 21.11 12.6° 30. 00
b, 36° 0 39.1° 8.61 26.4° 26.67 24.6° 31.67
s 54° 0 50. 3° 6.85 43.2° 20. 00 43.2° 20. 00
b, 72° 0 76.4° 6.11 77.8° 8.06 64.8° 10. 00
s 90° 0 85.9° 4,56 82.4° 8. 44 102. 8° 14. 22
4
0 ,
s o
[1] 5 ) . 0l , 1998, 10(4); 606-610. (Liu G Z, LiuJ Y,

Huang W H. A simple method of measurement of HPM mode and power. High Power Laser and Particle Beams, 1998, 10(4): 606-610)

[2] Nikitin P V, Stancil D D, Cepni A G, et al. A novel mode content analysis technique for antennas in multimode waveguides[J]. IEEE
Transactions on Microwave Theory and Techniques, 2003, 51(12) . 2402-2408.

[3] Lorbeck J A, Vernon R ]J. Determination of mode content and relative phase in highly overmoded circular waveguides by open-end radiation
pattern measurement| C]//Proc IEEE AP-S Int Symp. 1989. 3.1251-1254.

[4] Vernon R J, Pickles W R, Buckley M J, et al. Mode content determination in over-moded circular waveguides by open-end radiation pattern
measurement[ C]//Proc IEEE AP-S Int Symp, 1987, 1:222-225.

[5] , , .. [1]. , 2003, 15
(7): 685-688. (Li SF, Miao T Y, Zhang G R, et al. Mode distribution and power diagnosis of the high power microwave from vircator with
the antenna array. High Power Laser and Particle Beams, 2003, 15(7) :685-688)

[6] R R . (1. , 2002, 4(4):587-590. (Chen X, Huang
K M, Zhao X. Genetic algorithm in solving ill-posed equations of 2D electromagnetic imaging. High Power Laser and Particle Beams ,

2002, 4(4):587-590)

[7] . [M]. : , 2002: 38-41. (Lin C L. Antenna engineering handbook. Beijing: Publishing House of
Electronics Industry, 2002 38-41)
[8] Guru B S, Hiziroglu H R. [M]. : , 2000 345-356. (Guru B S, Hiziroglu H R. Electromagnetic Field

Theory Fundamentals. Beijing: China Machine Press, 2000: 345-356)
Mode content determination in over-moded rectangular
waveguide based on radiation pattern and genetic algorithm

LIU Jie, HUANG Ka-ma
(School of Electronics and Information Science, Sichuan University, Chengdu 610064, China)

Abstract: A new method to determine the mode content in over-moded rectangular waveguide by radiation pattern and Ge-
netic Algorithm (GA) was presented. The far-field radiation pattern of the open-end rectangular waveguide was measured and the
complex coefficients of each mode were determined by this method. The complex coefficients computed by GA agree well with the
measurement results. When some random errors in the computation were considered, the complex coefficients determined by GA
agree well with the measurement values. The comparison results of the computation values of the Least Squares Minimization
Method (LSMM) and those of GA indicate that the fault-tolerant ability of GA is better than that of LSMM.

Key words: Over-moded rectangular waveguide; High power microwave; Radiation pattern; Genetic Algorithm (GA);

Mode content analysis



