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Abstract
This paper deals with the effect of space charge on the gain characteristics of CEF-
type forward-wave amplifiers in a special case where
d=0, b=0, B.=20, C=005, a=0, and 020=-3.

The small-signal forward-wave gain was yielded by

Gain (db)==10 logm[<l QQZ Z)Q ) <cosh-\/~,w

e QS 4( Q) Jf,c )}

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.
A plot of gain in db versus the electrical angle with the parameter Q shows that in
the small Q region the second term is negligible and in the large Q region there is

a spatial beating pattern.
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Fig. 1. Maodel for analysis of CEF-type forward-wave amplifiers.
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Fig. 2. Sketch showing paths of edge-of-the beam electrons for various
values of Q, where T, is the width of a slit, £ is the separation
between the optical-axis electron and the edge-of-the-beam elec-
tron and ¢ is the spatial angle.



fapE— 15 -

DT E R L CIE & e D,

M), L 7cpde THlE S E o perveance OMFICH 720, |Q] DA 2 BT L H 00X F
L il [Q o#iphic, AAFRMMER DAL OIS H & TS 2 0
BYQIS3 ol c G #EE L L5, LOBE ¢ Ol Wg,
ayfé, (54) 5
%%jé. (55) s
2
Eiedh, WKW 0 & DREM dy O FEEE O MR 1A%
L, BERETH D mEHEOMMHEEILE LT ik
v BIEDW G 1L Oy L REGHEEE YL BH —
WO 0,k Qo &0 NS CEHEIE R L, IR ol s ]
ELIC—TETH L, FEADW 55 13 0 FiapE Ry |
e foigv o BARO BRSNS N E L I R, -t
L7ehh o T, Lol -5 & M 1EH o
Wi 92 (Fig. 3 BIH), _ZT\\j?\\\~\\ ______
CRBDWDHH Gy £ oy OWPELE, CEF M4 7
HRIC I 7 ripple & & A 7S 4 ) 5 1 W AoRT & -3} — — — =
Ezbh, HEFH~OEE L&D Thiu (U a
¥ 52 B NS BNL ET), FH Q=004 Fig. 3. The four waves of a CEF-type

&, & s OEWRE,
CEARIHHDY, FECIRE BT D, 25
(2K (62) & (63) B BEF AR L WL T s,
M D LUSEUAE TR D, 2 b DR o
L REET LFETH H P,

PR sk fe Bl & o

5. /MEBRIE
P> DY A e ks vh A BER G,

4
Z Vn = Vlz‘() »

n=]

4
Z lon = O 3
2]

TN K

AlHE Lo (Fig. 2 &

forward-ware amplifier vary with angle
as exp (— jBet jPeCy+ 5.Cx)0. Here
x'’s and y’s for the four wares are
shown vs the space charge parameter
Q for the special case of zero loss
and an electron velocity is equal to
the circuit phase velocity. It was
assumed that fex~20 and C=0.05.

BT S ERBROZE



9 CEF 200716 25 W05 45 48 o0 28 R TR 7780 51

Lim=0, - (58)
4

L, S 2T Vag i 0=0 1K 4 MREE~DATHE S, Vi ik 0=01C01 55 n o
ABCTRILE, i 1 0=0, r=ry VORI B 0 WO 0 FFREH, i 12 0=0, r=ry il 545

n PO r FFEEM, Ltk 0=0, r=ry B 58 2 EOMBBE OEMWMRS TH S, Tieh
b ANEBBMDOWHOFCE L L, WHEERROA 0 CREF TEBIELENOB A+ HE

T3, % matrix-form 23 g,

%@V,,}o;a 111 1
0 Cm Cyz C//'; Cm (60)
0 i C,J Coy Cog Coy
0 ‘ (/01 Cop Co3 Ca |
~Z VC f'f gl)( (/llny Cru irﬁ J: O\ C.’.’n Oizkikycij‘kb/}Léa
~(Q—a)— QA+ C*5)+ B.((1—C?32) (2+aQ)+Z(ﬁ(COn"
= Cau( Q(l—a) - BE(14 C?%2))+ B.Ch, (2 (2+aQ)— fA(1 — C%52))] (61)

Con = (B.Ca,)t Q1 —a)—2—(B8,Ca,) N+ QR 1 —a)+apd) s
+ 7 B2C0, (. Co. P +2—Q(1—2a))

—(1—CEH QU —a)— (8. Cd )+ Qa B l dCZ(F,i) 45, C% 32
G EAI=2C00 00~ (CONE OB RU=CREQB=CR
(B Caf QU —a)—2—(B.Ca, )+ Q2( "-H)+aﬁ§) ’
+][3(;(/()7z (ﬁccfj?z)z_}“z”'Q(lﬁu

QU —a)(1—=2C202)+2B,C? 352 — (8. C 3,2 — 8. (1—C?%2)
—Qa P.(1—-5C?3)+ j[Q(1—a)(3CH,)— (ﬁpCun) Ca,
——[3’( 0, (2 FEC70H (1—CP08)+2Qa(2—C%02))] (63)
BolPeCOCH(B. Cof—Q(L—2a)) ’
+J ;Pcc{jn“ﬁccan)z (2+<ﬁo 7Un ¢ Q —a)
' —Q2(0—a +d 53]

C!?I( =

A (60) @ C-matrix ¢ inverse (%

k <"V1' > L Dy Dy Dy Dyl Dy

R0 ; .

- 7“2’ > LDy Dy Dy Dy LDy

‘ R0 i 0 it i
oy = (64)

() DuDuDyDul 00 Dy

i\ Vg . |

V, L

< Vt ) o Dy Dy Dy Dy || | . Dy

0 i . i :

Ll 4, D-matrix (F C-matrix o inverse 7¢ symbolic form ¢d b, D-element {3—#%i2,
Dnl = unl“‘"]"vn] . (65)

Ele b,



52 BE— B - ISR 10

X CHGR OIS =20 & C=005 & LG 02023 Ok &, 0, DI G2) & 53)
A VT C-elements & D-elements %3 H 4T 22X DL 51/ hd, -2 TEIdCHLY
RYREFC~a%Wi5 L LT, VHEVIEGRE « #FETEL

4Q—B1Cs . 282CHB.C

n N
T oep-Q T 2E-0 o
pn AQ-BICT | 2RCYB.C

(/02% """"""""""""""" 3

20-0 -0 o0

Cn~28.(1+42—Q), (68)

Coum~28.(1—42-0), (69)
Lo W) BRCE /3 C«/ﬁe [ BiC?

W~ USABC  BOARS (Z = ZQ’), (70)

L U-QIBC 8. CHRC (GO

Croxe M=l le L 4 §

-0 V-0 < o) “) 1)
Ca=—4(1+4/2-0), (72)
Cu=~—4(1—42—-0Q), (73)

ey BC . 22-0) B.CyB.C

Cox20-0705 Re-Q) )
Tt — /9 (’d )",-2 /9 (/’\/1[36

Cn>20— 20 4j S5 a bl (75)

1

Cor~2(d— . ;

w=20-Q) (14 i), (76)
1

Coy=2(4—C g |
2= (1= L) @)
ol QR—0) V! :
w5 (1 <1~Q>(4—Q)> : 78)
o N2 peCt 40 Q-0 "

Y Yo Q«/ﬁcC< 5 +2~Q><l -0 Q> )
Uy = Uy, (80)
Uy = —Vy, (81)
oy B —1—42-0 3003 ( 2 Q
S -0 (A~ 02— 0 [“(Z S «/z )

| Qe-Q
40— A :
se-0|(- 550 20) 8

ESTIR (83)



1 CEF T 51 1 0 505 1 o0 78 1 3 i 4 53
1+ 42—0Q [ ( 4(1-Q) 2(4_Q>>
Uy = oo | FCH 2 —( e
R Trers o e ool | QF 0 T =0
Qe-Q) \"
_4Q ] <1 — e ) R 84
1-Q)(4—0) 84)
vy =0, (85)
LAeds o CRER G 218 o> Q o 8ba & fo/ME STk
Gain (db) = 10 logwi Z‘. e n [un‘ COS Y=V SIN GYn+ (V01 cO8 Gy, 4 1, sin {/)yn>] ‘z
: Q2—-Q) ! JB.C QEe—-Q) J2=
=101 y¢<1-— i ) [ s L ’
BN T - -0 Y V2e-0) T T a0 u— °° pcc 7
pofs-o- 1578 ) raoe-0 S
+J =9 sin V2=0 qﬁ)é
4(1—-0Q) 4~Q«/2-Q 8.C 2
Q@2—Q) >( JAC
=10 logy | {1 ~ cos} L
°*"°[< 1—Q -0/ \“ y2e-0 7
Q2—0Q) ) )T .
~0 -0 pc *l o0
LA, DT 0o A RARH ¢ L,

18}
16+

4}

10F

GAIN (dB)

L L I ) ¢.
270 300 330 360
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