9 Vol 34 Na 9
2006 9 ACTA ELECTRONICA SN ICA Sep 2006

FRP, EZRA, TH=, REMS, EiBE 5 & AEA G M

( 863 . 610054)

k] k] ’

TN 128 : A : 0372-2112 (2006) 09-1721-05
Analysis of Factors A ffecting Relativistic M agnetron’ s Efficien cy

LITianm ing LI Jiamyn, YU X w-yun ZHANG T ngwej WANG H aryang

LIH ag ZHOU Y rhong ZHOU Huan

(National 863 PlanH gh Pav e Radiation Laboratory, Unwersity of E lectronic
Science and Tednology o Chinag, Chengdu, Sichuan 610054 China)

Abstract W hat causes rlativistcmagnetron © havemuch lower effciency than canmonmagnetor? Based on he
resdual energy of electon stream at the anode different fctors affecting he rehtistic magneton’ s efficency nchding
synchronous velocity gyral moveanent depth of Brillonin flow, Lamour radus DC space charge feld and RF feld were ana
lyzed Comparing hose fictors n the typral A6 magnetron’ s paraneter result shovs that the ntenseRF field is the prmary
reason to lower rehtwistic magnetron’ s effciency This conclusbn was proved by the PIC siulation toa

Keywords high powerm cwowave relativistc magnetiony ekctronic efficiency residual energy

1 ,Puw=V.I,P.~ ,P.-
s P(.—
) ;P(l_
s 80% R 60~ 70%. (1) ,

1975 s >
3% , 10~ 20 B, no. ,

, , , 1%

2 P{l
2 3
) P 3.1
P,=P,+P,+P,+P, (1) , , )
: 2005-08-135 2005-12-10

(No 60501013); (863 )(Na 2005AA 832050)



2006

1722
E() ’ ’
E, B, . (Eg+E,)xB, ( .
) > > Elr P}
Ee B , Ewe XBg
E,<E,, P=mkE, /B p=D-p ,
, o Lty (r) | prd o
= (eV,— &) /eV,= 1=V, /V, (2) ST T D
, vV, , Vozmvoz/Ze , 7 LE,(r)= - B°rin
(2) 3.4
3-2 2
31 ,
E(/‘<<E(y » E(} /Bo;. ’ b} s
> EOrB(}z' > .
. O=(r,-r)/m<03
> Voax = 24 By >
. 4é/, . E(r)=0
0= 1-4V, /X, (3)
s , ~ sinh(r
’ Eo(r) B&Cosh(lid)?r<d (8)
? snh(d
T (4) Bo(r)=E(d)= =Bl S0k d(9)
" v, D'Byc+V, cosh (kd )
1 7? )
_Ey_ V. 7
’ “=B, B rL_Emeo(T)'N[D—(p+d)]|E(d)| (10)
2 2 a V, B v
poli=r ‘ ‘
- 2r“ 3.5
(5) , E ;< Eo,
n{_d@—mog(Y—l)_l Iy ¢ B 2V Eo Ba )
- eV, (=) A=y’ ; ,
(5) Erf E,, P E,,
V E.’/‘ s 5
s ¥= 1 Uf“x/cz > V = ‘ “27
myc
A = ‘B"ZD.
moc s s
3.3 mE , /B,
. By fn ; (QmE, /By )
v B, : Eo. Be : Ey
( ) > >
nV,
d=D| 1- = 6 ’ ’ ’
{1 - B2 (6) ’ ’ 7




9 1723
)
’ | N o R O P
) 2¥,m'¢
Lat _ _ W=
Bz =y VP Bi= VA =0 W e , W=
k ! ?
A, ——A, cosh( ¥x ) cos(ky—wt ¥ ¥mec. ev, >
I e AL o)
]y . K . _ )
A, sinh(¥x ) sin(ky—wt) rl_eva_mocz(y_ 1)_1 / lmocz s
k= [P w /e=km, =1/ [1- 4 /. = o === D (23)
u Z‘J s )
> s H'= const
®o= Y (bo-udy )= = Y, (Eo. + uBo. )x’ (13) (AB=0),  (20)
Ao =Y, (Ao —uby /) = VBox (1- BBy (14) —

E's= Y, (Ey+uBy)= Y (Eo-E, )= YE.AB (15
B'o= Y, (Bo.+uEqy ) = %Bo.(1- BB )=Bs /v, (16)

, YouV
¢ = - Yol = -%smh(xx)sh(ky-wt)
= — Y, V;sih(k'x )sin(Ky') (17)
N AL AL - VA, cosh(E'x) cos(k'y”)
LA T ovAy| T vA, sinh(EY ) sin(Ey)
(18)

5 K/: k/, B = —E(}/£(}.

>

e J“ [P+ e, /] + [P’y+2mQ/x/+ el /c]
(mc)
+ Yud , + Ve (b —udy ) (19)
,Plx P/y Xy
o

>

i

. ’ CVI . — . -4 fEs
H=md& Y+ Y —sinh(kX )sin(k'Y )+ ¥y, AB—3X
mc mc
(20)
, Z/ Y/ =
/ 2
Jl+ (ng)2+ P
(me)*  (me)’
mQP E’ xB, p/d.
;o (ENLN+E )%z L[ a9 o
pa=Y.ime B, =Y.g v (21)
’ ng 22
, 1 = 1+ 2 .
(mc)
(1J/d<<Lg

vy ) >

/7
H=m& Y+v

u

V, 1= 1=
L (KX )s'n(kY%: wnst (24)
mc

B 1 EEhAKR R T RS A2 B AR R 4 4R T i T 5
Srh 0B (o) BHIE BB RIEHR; (b)~(dV/V=0.13
-0.18 5 1.07 FHHF 5| B OB

(24) . Ex
Ey . pli<m @, V= const  (24) mé v’
. £,
(Y #Z const), 1(a)
, 1(b) ~ (d)
VA =013081 107 (2)
- : E', xB,
4
S A6 g3
. ,A6
r=21a r,.=12



1724 2006

()
204 208 212 216 22
Operated voltage/V

et

B2 NEE R TR (o) FPHEEW (0)/DEIHERW b1 %M, b2 HMRBE () BRERIR
KB c | FEBRIRER, c 2B BRIRER ;(d) B-S ERZE W HATHEW d 15 18 H 2 W
T , d 2R % B2 W AT (o) AABH TR FRRMTERESRN, 1. 2, 3. 425XMNF V,~100,
300,500,700kV ; ( f) & T4 T T 2R BB HH ML (V.=700kV . B,=7634Gs )

an, h="7 2cm N=¢6
$=20° r=4 lan :p
Jx=32GHz 0=0 428 V, = 68kV,
B,.= 0 128T.

X3 plane FIELD Ephi TEST_POINT

8

R'sin/Phiim (E-3)
o 8

2 -100 -50 0 50 100 20 30 40
S R'cos/Phiim  (E-3) Time/sec (E-9)

( 700KV, Q 7634T), V,= 650KV, wa' 8 ’ AP
90%, 300000F ,"j"'\ o

N
% 2000 (N o

61%, E e I N
1w°i k’l"."

66 . e

10

A %

, ) 0.00E+000 1.00E-008 2.00E-008  0.00E+000 1.00E-008 2.00E-008
time/s time/s
8L %, , 16000000 25

8L 96, : A . 20
. , " sogin ?MW E,s .
w

9% . Sa(mooo @. p
’ }: Y, % ¢
; o . i B

&%. ,
2¥.

, 0.00E+000 1.00E-008 2.00E-008 02 TAE 08 o8
time/s 4
) B3 RPREEIUZESHNAXR . (o) REEERRE 0) 5
, . ERZR AR RIS (c)MEE TR (@) A FBR
THTFTERBRREFHRRKER (o)A FHRHETLERM
5 X P BT T AT O () T A 2 8 o o A W (R 2R A

B-H s

A6

s

(500kV, 0 5T ‘ ’

>

3 ’ (e~ (f)
s 35



1725

[1] Raymond W Lenke T C Genonj Thomas A Spencer E flects
that lm it efficiency in relativstic magnetwons|[ J]. IEEE
T rans 2000, 28( 3): 887- 897

[2] SpilbsR yopoulos Efficiency reduction caused ntense rf-in-
duced E xB drift during relativistic m agneton ope ration| J].
Physics of P hsmas 1999, 6(4): 1344- 1355

[3] Spilios R iyopoulos M agnetron theory [ J]. Phys Plasnas
1996 3(3): 1137- 1161

[4] Spilbs Riyopoulos David P Chemin Adan T Drobot Guid-
ng center flud model of the cwossed-field anp lifier[ J].
EEE Trans 1992 39( 6): 1529- 1542

[5] , . [J].

, 1997, 9(4): 563- 567

LiJY, XbngX Z etal An exprmental nvestigaton of rela
tivisticm agnetron[ J]. H igh Pow er Laser and Partick Bean s
1997, 9(4): 563- 567 ( inChnese)

[ 6] . [M]. : )
1981

[7] . [M]. , 2003

[ 8] H Sze B Harteneck J Benford et al Opemating characteris
tics of a relativistic m agneton w ith a washer cathode| J].

IEEE Trans 1987, 15(3): 327- 329,

, 1973 . 2005 6

Email tianming@ uesic edu cn

, 1944 . 19%67

, 1981
, 1985~ 1986

s ’

. Email yli@ uestc edu cn



