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Abstract

This paper deals with the radial-current-prebunching effect on electron-wave interac-
tions in CEF-type devices in a special case where =0, d=0, Q=0, 8,~20, and C=0.05.
The small-signal forward-wave output power was given by

P((}) = ";v Reqr IZ, (0)|2 H

and the equivalent resistance was yielded by
168.K S 3 . [ 2J2zCN )]2
Rogr = o] — N\ sinh (= ; . e 22 .
= B e [ OO+ e (PEE
The first term is due to the growing and decreasing waves in the beam-circuit
system and the second term is due to the characteristic ripple in the CEF-type focusing

system.

The equivalent resistance of the radial-current-prebunching case is larger than that
of the azimuthal-current-prebunching case. Because the azimuthal-current-prebunching
effect means only the existence of the initial r.{. component of ring charge density 7;(0)
at the input end and the radial-current-prebunching effect means that a radial displace-

ment 77(0) and 7,(0) exist at the gun end.

Abstract
1. &

* T LERE T TR



112 BRBE— I - I E 2
A s I v SRR 112
B0 TTHEBEIAIER J7RRIR «oeeerrremnnnrreearem e e r e 115
4. &% 'Hi T OB R e 115
B, {BEHI T B ESHIRAIRPL c-evvvvrerrereee e e 116
6. : 124
% 3 124

CEF Wit i Sl 3518 (Fig. 1) o X 5 e HULIE RO A 5 IiBh & PesE ¥ % 454k 77 1
Rk, ofe 0 BT D U A IR <
HES D 2L NIRRT D, BIfE  EEoToN sean
WMEE ¢ CEF R A o= a 7=
W TAGIE O BB e A D T B
AV RS SR O RS 1 f
LG, BRI RER S IIER LT 2 eyt
B 0 I & SIS 4 Ko 1 0 T Fig: 1. Model for analysis of CEF-ype
W 5,

SOLE

SLOW-WAVE CIRCUIT

QUTPUT

2. BEFHFER
CEF ZUHiE 7 Mg 2518 o0 B+ 58511, Brillouin-low Eulerian-fluid # K4 % — @D

BEIOHEFBRA LSRR L v Robh s, B ToEB RN, SMERDRLYE
M4 5&,

PGt = — 7 [E.tE(@)] (1)

276+ = =1 E, . (2)
ZITE, & B GENERO S REEROEEF @S, E0) LR kT BT OED
NEFRT HLEFROHERATH S, FEr L AHEE I MESRHCIIRD L 5L E
#®%4 5,

7= rotry, (3)

§ = Q4+0,. (4)
SOTHRTF LEE RS 2ok U, Qo P AEE TH B, REB) £ @) AR Q) &£ (2) K
AT AU,

ﬁz/. N ’\() ’\2 .
Q.+ 030 +0y2 I [ 04 _on
( °+"1>[<“°+ %) G +<ao>< 50 >+ ao-az]
0%y o\ 02, )0y O
+{ pF +< 20 >"'a£’"+<“°+"l> 305t



3 MBS RETFHADGER s e CEF Mgk E e s 5 HEER
2 A o 00
[ Q)+ %§}+ofwgk%+9)gﬁ4—ﬂ‘]
= _};Eﬂ)

Lisn, KO OFELH TR, —~EOEFOFHEMLEL » RDB R,

—vE@a:-%%S%.

THbH, ZZCEHHBEEIELO L Bl

edtwt =)
THET DEWEL LS5, BUEAFRMBEERTHS, ik 6) & (6)

n [(Qo+Q1)(l9(')_Qoﬁz_291f32)+w(Qoﬁ“‘U+291ﬁ>—290 (Qo+!)1)“9%}
— Qg (202,+ Q) = —1E, |

mugy+0{w—ﬁ< +ody%me+nﬂp—ﬁu%+gg]=jm%.

TeRFHET m/n K1 L {RE S,
0 Fim B Ltk
p = (toty) (ot 7) (2o + Q) = — Ly+ip,

iy = Qotorytrtedy + Qorgry+ oo+ Qorey+ rofim + Q4

THEx b, r AR i %

Ele B, dlm TR

- (Z il trla):_ ~ (Tt ),

113

(8)

(13)

(14)

TaRERN, L, L FnFir e 0 FROBM N2 P Thb, o T oo ETEREE

Tr— aDBMBEECET D TH 5, KHEE
To=000 B IO 1i=0he DPEGADDH, I TAIXEFRD x FAOEIXTHY,
FHEESCH5H, & (4) »MEEERTRT &,

i I i, < 1 >6i4, 0ty

s or

Eulerian-fluid o {RE s L 58 (12) & (13) & 3% (15) AT i,

Fot

e 0520+ ey (0— B0 Proi— 91|

-t [707‘1 (204204 tyrQ2y+ L2y, (7O—I—27‘1)—1—27‘0.(2171+31'1.(2171] = —wr, .

FEDER B L OGRS % O & 01 & BT,

AP & =223

(15)



114 BE—8p - BIHE 4
f(ff%%o

ECEbDTHGY AVRETF €~ an v, BE—ETMSERY RET UL, HETT
B3 8) & (9) % Lol TR (16) A 2EFD X 5 d,

| (B~ 2] + 0, (200) = IE. )
27028 (B.— B+ 202y (Be—B) = JIE, , (18)
—Br T rnB=81_
ri(e—28)+ 0, (R [ 2E=E ] o, (19
T
Be = "5— , electrical radian/spatial radian (20)
0

THEZLONETE— 2 OBHAFMEMHAER TH S, Lieh-> CEANE n, QB L0 0 i

2 [
ro= T (5 )| Beb— - 28, 2)
2 B ;

2, = T (5~ )| 2, (= BB (B 57 42)] 22)

o= T (6= ) [ BB (- 8 5+2)|, (23)
Eigh, dsik

3..2 A2

dg = .;Q?f.&ﬁ%aﬂ [( Bo— ﬁ)z_..z] , (24)
THEZLNE, S/ PMEBERICKST S 4 & 411

p = Qyrory+ rvei+ Qorety (25)

i = i (8.~ ), =6

Elemnb, R (21), (22) 3108 23) 2 WTEXh2 BE

ey [ =B @Be—B+iE (B~ B) pt2)

Y 0 BB [ B PP—2 ] @7)

;oo I [ K (Be—B)—j2E,

v [ (B BF—2 ] (28)
Flo (23) s (24) A HGTEENL B L

T — BoErtiEs((B—B) B+2)

VS O (B B [ (Bo—BF—2 ] (29)

D, COXRDPREEROEREERE, 8 LU E, L EHET € — 2O BEMBEED SR
BT o L DBRRE 52 5 BT HRATH S,



KRBT/ S 2 ne CEF BrEs 36 s 2 e 115

U1

3. FiERREEERER
CEF & T HE I 1T A B E % o Bl H# K% Rowe 12 Lt - T

200 (0 0y OV <U“>¢V <1+WM,%&>WV
0,1

7 0l? Up,1 ZO,I ot?

| (k)

: ()t2 (30)
L B®, 2T VIGBERKO SRR T, 0 X0t OBE, kY SVvIRET ©—
& &S E DR REL voe (LIBIFENE ORI ST 2 ML HLEIE O 8 68 K 45, v WLIRIY RIS
DR Fs 1 5 SLHHEE OB B, Zoo (BIEREHIZET 5EIK®KA vEe—-& v 2D §
WA, X HIT Zoa (LEEEISERORK I v E— 2V AD 2 R THBH, E E,. & E, Lo

B e

E, = jE,(f-+jg.), (31)
f%%#éowmmm(EFWﬁMDﬁamwfm:f:~10@~01ﬁéoitmft~
¥N @‘:‘J/L\J\Eléf 7 (/uf’oﬁ % Eﬂ &. h } .[ X’ é:

1 0 i V ,

Eg o — 7_0 "a‘&‘ (k,,‘;') = ]p/é,, ?:0’ N (32)

THEZ BN, ORI HEROAHAFRA v e — v A Kk, o¥F0 X 5ICERIRT V5,
klz‘ e
K= »-17_—02&0-« . (33)

IOT r OBHEH O RRTH B, XHCERMEEY P o X 5Bk T 5 E LT
Voo = 01olBy, Vo = wfT . (34)

© = 2. (35)
A AU, BT O Bl T AR L
E, =+ Jﬁ/iowjé . (36)
L%,
4. HHEHFER
IR O @R PKD = 25 2 2T I7K 29) L EE TR (36) XD

V- ) (256 562w 5| @

W EFIERE C &

3 ;72505_ — _KIO
C= Qore 2V, (38)



116 BegE— AL - EEE

CTEHTIE, BEFERT
Csﬁzﬁorge 18 (ﬁe”ﬁ)*‘ﬁe—kz\ —
@%—ﬁ%@a—ﬁ)[ P (B—BP—2p ] ! (39)
LB EBTC — AREET BB E O TR IER A 6, cold 7 RARER A fo £ LAME

BORTBC L » TEEFTEXAYEETL, WEEEROE CEeEEL T, f & fhro&

DESEEL,

B = p.(1+jCo), Bo= 8. (40)
IIT d=atjy, (41)
Thh, HEEHOLOATRAMMHEEROET % 5% %, X (40) & “41) #H TR (39)

AEENZD L,

(L4CO (—jFACY) B+ (—282C) 3+ C (B —2)
+2(BICP—2) 4O (= Bt B+ 2) 3+ C Bt = 0, 42)
Lleh, TRHLDPD 5 H—21L
; N
b= ¢ 43)
T b A H AL AR T, 0 —
b =L . (44)
LT 0 RS & b Tl ok KRl BB O R (F I DR A B pis T B f
45)

Be=20, C=005
DFEEBETH, Ok TEEHBEKX 42) 1L
O (2B3CH 4 0% (F6C)+ 5% (4)+6 (B2~ B.LC = 0 . (46)

L, Lichi- TR

1 = .
0122 =5 VB.C—j Z?%C— , 47)
(V2 3
03,4 % § < 23/6@” - 452(;‘“) . (48)

L, WU 6y LB 0, DRMOMKIIE L <, HERYTH D, WHO AT
EHICE U O X0 R, BE0W 613 O &) kR AHHEER L L, S
Wd ik Qo k0 ASCEEEL L b, RIELE LT ETH S,

5. ERHNEEMER
T HB R, BEEBOANES,SAETHY, 0 FHRaEMEE

v LI

PU-2 D D A JIuic 3



7 ERF BT PMER S h e CEF B EH s 2 MWLM 117

TRHIERE D e <, MEE LA RE 50 Todevdy,  r TR E R BER g ER X T
HETH, TRBERTRT L

4
Z Vn =0 5 (49)
n=1
4 .
né:l Lgn = 0 5 (50)
4
% i = 2:(0), (51)
4
2 2, =0. (52)
nw=]

Elgh, TIC VL 0=0C 3B\ H8 n WO EMWEIL, L 0=0, r=rg BT 2% n 3k
DO FFAEI, fen 1% 0=0, r=r Wk 5 n PO » FHER, £ 0) 1 XLEFRERO DI
FREARL, Ll 0=0, r=r TR 5 n PO MEELO SRS TH D, TibbAT
EENHET, 0 JFEEREEER CERELEMNTH H0%, r HREREEN» 52 bhT
LGB FEEL T 5,
F I iy G WL Q1 13 Vi EFNRF RO EDECH B,

. =710\ _
Lon <w7]T()kc‘8e> = C(InVn > (53)

o (dre
I’)'7l <7/T0]€(,‘8%> - C7‘7lv7l ;) (64)

— 2 (2 .
an(‘“ ,723[;})20 > C/On . (55>

ZZ 'C{??QZI& Cﬂn; Crn Z}"S J: O\{ C!)n Ojﬁ

iEfc%?:‘ [f“ G

con S0 [0
A (66), (67) 5 L 0° (B8) w T (53), B4) & (65 w#H &2 D L,

B =0, (59)

fjl CinVi =0, (60)

0= () o), (61)

4
Zl CQ}LVH = 0. (62)



118 RipE— - 8

b % matrix-form ¢ Fud

11 1 1] [V |0

Cn Co Cp C .

DS R (63)

Co Con Con Cal [V, | 0
LB, L

L=l 64
& (63) @ C-matrix © inverse %

Vi Dy Dy Dy Dy

Vo Dy Dy Dy Dy .

Vs D31 Dsz Dy Dy,
V;;‘ ‘D‘u D42 1)43 D44 :I

L e %, D-matrix (3 C-matrix @ inverse /¢ symbolic form T3 9, D-element (X —#%1Z

Doz = tps+ jUns (66)
LB, TR OEESM: foc20 & C==0.05 OEE 6, O LUE (47) & (48) % JHL > T C-elements
AEH L, X5 FnbA T Delements #3RD B EDED L 5705,

Cpy e —— B CABL—j2

2CYp.C o
Co = —BOBEER (68)
O = —ELLEND) (69)
—_— 2 —— 5
Cu ~ =L V2) (70)
o 4=iBLCYBL
C/‘l i 77‘”21‘86 3 <71>
~ AFJBCABC :
C,~2 ~ T 4,8c > <7Z>
Crame 2LAA2) (73)
Cou - _‘%@%2_) , (74)
 —BCYBL—j2 75
Co=Tacie "
Cpo e —BCABLE]2 (76)

FCABC



RRHFEET A MPER xh o CEF BATER B s 2 MM

u =0,

2BCAB.C

Uy = 8+/§§Cé— >
u23 %0 )

~ _ 2BCABC
Ugy Ao — LTS

TRECT

Reqr /K

CN

Fig. 2. Reqr/K vs CN in the case where d=0, 6=0, Q=0, 5,220
and C=0.05,

(a) calculated values by E,. (97),
(b) calculated values by the first term of E4 (97).

119



120 BEEE— 8 - P

Fig. 3. Calculated values of [sinh (xCN)+0.106 sin (2\/72}()1\7)]
Y
W8T g B
V43 =0

M HERBOERAEY 0 &3, BREERORIESEL Ve0O) X,

4
V]ﬁ (0) = Z Vﬂe“j%ﬂ >

=]

Vn = AanSZ.T(O) 3 n= 1: 2> 3’ 4.
TRENDLME, HEZFEL

=1

4
Val0) =4, (2 D e) [ (O)e N

THExbhb, 22 TEEAE T HELMA I

(87)



I BEEFEHEFRADINER s CEF BN EEC s 2k 121

[
o et B

Fig. 4. Relative amounts of the four wave components of circuit voltage
at the various distance down the device. Values at CN=0.75 are
drawn on a scale of one to three.
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Fig. 5. Relative amounts of four wave components of azimuthal
current at various distance down the device.
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Fig. 6. Relative amounts of four wave components of radial
current at various distance down the device.
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Fig. 7. Relative amounts of four wave components of radial
current at various distance down the device.
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