55 5 2006 5

Vol.55 No.5 May 2006

1000-3290/2006/55 05 /2152-06 ACTA PHYSICA SINICA (©2006 Chin. Phys. Soc.
%
12 1 1+
1 100080
2 100049
2005 31 2005 11 15
Floquet
PACC 1120F 4110F 5235H 4110H
1.
910
1
2
3 4
2.
2.1.
56 7
Floquet
. Chernin Chebyshev Froz = efj'%an roe e 1
Ky = 2n/P P F,or
8
Fro:z n B
—jot
1 e” o=Kyz-10
Chernin 8
Froze*= an roe" 'k
* 60125104

t E-mail pkliu@mail.ie.ac.cn



2153

z al
w 2ra
cos¢y  cos¢
a ¢
@
al = z+ cigy = 22%
2
@—%cz: @—KHZZO.
¢ =- 0 - Kyz = constant.
¢
©)
¢ = asing 2.
3

z ab
o €7
(77) ~ (cosgb - sing[)) ( z ) 7
el \sing  cos¢ al”

7
7;/asin</1:%fj[—)z—(9zl<nz—(9=g0. 8

Ui
@ r=a 2
F a € 77 e]ﬂ ncos + esing . 3
1 < Being 2masing
F, a =——¢"" Foacen
2rasing Jo
jnBeos¢ ’Jﬁ
X eJ’WS ‘VBJ lasm(ﬁdﬁ‘ 9
9
1 o 2nrsing
F,r =7.ejeﬁ”"¢J Fre
" 2nrsing 0 U
i 'n—.v—,
x e}r,y?ms% eJ rsm(rldv' 10
10 Fren
e—jsﬁsimji 10
r e 10 r
renq Forenp =e g
ry 10
r € 77
r=a 9
1 2nasing o JHJ_
F a = —J F &Pt g"asing (|
" 2rasing) o U 7
11
11 n
ren
7 1
Facen
— e—jﬂ neosd+esing ZF r e*j”ﬁ@, . 12
]2 ej&singb

Fnp =Fan = ™E g ¢ U]
:ZF" a ef""(ﬁ“’”s‘“ﬁb) . 13a



2154

55
11 0/ O
| Z ( L) Mo My My DS] O
F9 = - e T\ PG O M, M EEggu
2rasing < %m M“ Mlz EBJEIB: MJ =0 18
2masing . osre—T , 20 21 22
XJO F 77/ le/(ﬁt o asln¢) d77 . 13b N 0 ql%
o o
6 8
0o 6 ey Ja J;  Chebyshev
7 =0 W 2rasing. 14 - O a 0 U
13b My = -1 E [ +1 B
n=-® 0 —]l+1 a, O
w.
Chebyshev ~ e a, 0 2
X Zn |:| Z/ + 1 D'
Chebyshev E 0 ST a E
-11
-1 Joe
w M
s =211 15 " b
w M
13a 13b 18 Chebyshev
- an a e—ja" s+1 ]5[ ]77l
n 1
W2 —ja s—s ’
ZHGSIH(/JZ] ds
-l<s< 16
Wl n
@, =% asing + ,@cosgb] .
2.3.
Y’I
n
1 2
r e 77 _ | Ezn r |
Kn r - 2ﬁll T 19
, 1
(Ees) w2 ZJ /JassZ(]ES ) Em r n
E, s | 2masing J, s P, 19
=0 -l<s<1 17
19
- cos sin 1
N B 3 B
- sing  cos¢ 0 Ja Ty
(cosgb —smgb)
X .
sing  cos¢ B, w |:| Jioa, Jo O
7 - y! _y! - ( ) 17 O 0
n n n J4n l 1 .
Evn 4(15111‘;[12 0 o o+ ],+1 a, ],],E
2.2.
20
Chebyshev

17



2155

27

2 8
T ax anmux > lmm{ /2 .

22lmax
n 1 l,
" 1
Chebyshev l
1 1 mm
1.340 1.590 2.920 0.890 1.540 3 0.680 1.330 5.2
Chebyshev 2 - 6 8
Lo 1 0.01%.
nmax
T 2346 8 6.
. 176 e s .
L1721 @ —0— Mmax=3 T Moa=2
I \ —®— Amax=4 80 0= Pmax=3
a« . 168 —O0— Amax=6 —®— Hmax=4
é \ _A— n =8 3 60 - —0— Mmax=6
E 164} W - g —A— Mp=8
S 40 L
I o.160} %\\\\ﬁ\ z 1
= =
a
156 F 20
\‘
. 152 1 L L 1 0 1 1 " 1 1 1 " L "
4 7 8 10 4 5 6 7 8 9 10
i / GHz HiR /GHz
2 gy 2346 8
Chebyshev
Chebyshev 4.
lmax 1 2 3
L 2 3
0.01%
lmax 3'
L, 12346
L
8
0.01% . 6
2.9% 7.5%



2156

55

0.176 100
— 0=/ nax=1 .
0.172} i\ o, sol \ —n— ;mx=1
- —o— =2
2 | ] —¢— =3 a e
\g; 0. 168 \ ma ~ 60 L —o— [nax=3
~ i 15
B o 164} N -
g Y &
N N B a0
| o0.160} \i\\s \
o v .
20
0. 156 \\\-\.
0. 152 1 1 Il 1 1 Il 1 0 1 1 1 1 Il 1 Il
4 5 [§ 7 8 9 10 4 5 [§ 7 8 9 10
¥i% / GHz Pi# / GHz
3 L 12 3
100
0.176 1 % —a— /=1 —a— 7.=1
—0— [,= —0— /=2
0.172F = —e— [,=3 80 —o— /,=3
~ \: —O0= hi=4 —o— I,=4
Q
= 0.168} —4— ,=6 c —A— =
& \ —A— [,=g ~ 60}
S \ o —= iy
8B 0.164} \._*_ SERAH %r:g —k— SR [10]
: N E
| o.160} \ﬂ\-
o S A :-
20
0.156 ==} \I\a
O. 152 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
4 5 6 7 8 9 10 4 5 6 7 8 9 10
%/ GHz % /GHz
4 1, 12346 8
Abe D K Levush B Antonsen Jr. T M et al 2002 IEEE conductors  USA Dept of Electrical Engineering MIT
Transactions on Plasma Science 30 1053 8 Chernin D Antonsen Jr. T M Levush B 1999 IEEE Transactions on
Li B Yang Z H 2003 Chin. Phys. 12 1235 Electron Devices 46 1472
Antonsen Jr. T M Mondelli A A Levush B et al 1999 Proceedings 9 Duan ZY Gong Y B Wang W X et al 2002 High Power Laser and
of the IEEE 87 804 Particle Beams 14 905 in Chinese
Kory C L Dayton J A 1998 IEEE Transactions on Electron Devices 2002 14 905
45 966 10 Duan ZY Gong Y B Wang W X et al 2004 Acta Electronica
Pierce J R 1950 Traveling wave tubes Princeton Nj Van Nostrand Sinica 32 108 in Chinese 2004
XieHQ LiCY YanY et al 2003 Acta Phys. Sin. 58 2227 32 108
2003 58 2227 11 D’ Agostino S Emma F  Paoloni C 1998 IEEE Transactions on

Sensiper S 1951  Electromagnetic wave propagation on  helical

Electron Devices 45 1605



2157

Coordinate transformation in the study of tape helix ™

Xiao Liu' > Su Xiao-Bao'  Liu Pu-Kun'
1 Institute of Electronics ~ Chinese Academy of Sciences  Beijing 100080  China
2 Graduate School of Chinese Academy of Sciences  Beijing 100049  China
Received 31 August 2005 revised manuscript received 15 November 2005

Abstract

The Floquet form of electromagnetic field in travelling wave tubes with tape helix is analyzed in the cylindrical coordinates

frame. The study showed that appropriate coordinate transformation is the sufficient condition for separation of variables of

electromagnetic field. The separation of variables under the coordinate transformation is the basis of the theory in which the

assumption about the surface current density distribution of the tape is avoided. The dispersion and coupling impedance of a

typical structure are calculated. The computed and measured results agree with high accuracy.
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