
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 180202

���CCC£££^̂̂+++������nnnïïïÄÄÄ*

X��1)2)† ��1) o÷41) Ú#ï1) 4H�1) ÿ&]1) ÜU¨1)

1) ( >f�E�Æ�â[ïÄ¥%, ¤Ñ 610054 )

2) ( ¥I<¬ÉC´	ÜèÆ�, I� 065000 )

( 2012 c 1 � 6 FÂ�; 2012 c 3 � 12 FÂ�?Uv )

3pg�£^+¥, �ª¿�´��)û�¯K. �©Äu2ÂDÑ�nØ, ��UO(£ã�C(���n
�ªÍÜ���DÑ��§|; ÏL©ÛÍÜXê, `z��
�«#.1wìC (�C) ��n. ���ë�� (ò
C) ��n�', TnNk�r��ª³�Uå, n¥�ó��ª8�zÌ��� −100 dB, ÑÑ1Åã�ó��ª
8�zÌ��� −88.6 dB.

'�c: ��n, £^+, �ª, ÍÜXê

PACS: 02.30.Jr, 03.50.De

1 Ú ó

£^+�±�)põÇÎ�Å, ùaÅ
�^
u�lfN\9, á�?n, É�ØàC\9, �l
fN�ä, ��-Ã?n, p�ÝêâÏ&, p©E
ÇX��, É��5�õ�;[Æö�'5 [1−4].

�X£^+ó�ªÇ�?�ÚJp, duº��A,

põÇ, pªÇ�¦£^+�ó��ª�pg�;

pg�ó�7,¬�5r���ª¿�, ü$£^
+�ó��Ç$�K�£^+��~ó�; �ª¿
�´��)û�¯K. &¢p5U!k�³��ó
��ª���n, ´mÐpg�£^+ïÄ�­�
Ü© [5−14]; ^u£^+���n±òC(��Ì;

©ÛnN(�3�ªÍÜ¥��^�, Ì�8¥3
éê�)(J�êâ©Ûþ [6−9,14]. �©A^ÍÜ
ÅnØ, ïá^uïÄ��n���DÑ��§|,

ÏLé¤��§��\©Û, ²(
��n(�3
�ª¿�¥��^; ¿±d���, `z�OÑ

ëê�N!k�³��ó��ª�1w�C£^
+��n, �±?�ÚJp£^+�5U.

2 2ÂDÑ�nØ

lÃ
­�ð�d��§|�^Ý�§

∇× E = −jωµH

∇× H = jωεD
(1)

Ñu, æ^�Î�IX, K3��n¥?¿ � z

?�î�>!^| Et, Ht �±^T � z ?Ó�
¡�5K��Å�¥��8�z¥þÅ¼êÐm:

Et(r, φ, z) =
∑
mn

Vmn(z)emn(r, φ)

+
∑
mn

V ∗
mn(z)e∗

mn(r, φ),

Ht(r, φ, z) =
∑
mn

Imn(z)hmn(r, φ)

+
∑
mn

I∗mn(z)h∗
mn(r, φ), (2)

ª¥ emn(r, φ), hmn(r, φ) ©O�L5K�Å�¥
��8�z>Å (TM) � “>Ø”,“>6” ¥þÅ¼
ê; Vmn(z), Imn(z) ©O�L “>Ø”, “>6” ÌÝ
¼ê; \ “*” �L^Å (TE).

�âð�d��§|�â[ ¼êL�ª, 5
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½¥þÅ¼ê:

emn(r, φ) = −∇tΠmn,

hmn(r, φ) = ∇tΠmn × iz = iz × emn(r, φ),

e∗
mn(r, φ) = iz ×∇tΠ

∗
mn,

h∗
mn(r, φ) = −∇tΠ

∗
mn = iz × e∗

mn(r, φ), (3)

¿÷v3î�¡þ�8�z^�:∫∫
s

e(i)
mn · e(j)

mn′ ds = δ
(i,j)
nn′ ,

∫∫
s

h(i)
mn · h(j)

mn′ ds = δ
(i,j)
nn′ ,

i, j�� 1, 2, (4)

ª¥� e
(i)
mn, e

(j)
mn �ëê “i” ½ “j” � “1” ��L>

Å� “>Ø” ¥þÅ¼ê, � “2” ��L^Å� “>
Ø” ¥þÅ¼ê; h

(i)
mn,h

(j)
mn ¥ “i” ½ “j” � “1” �

�L>Å� “>6” ¥þÅ¼ê, � “2” ��L^Å
� “>6” ¥þÅ¼ê; é (1) ª�¥þð�$�,

(Ü (2) ��ªÐmª9 (3) Ú (4) ª�¥þÅ¼
ê½Â, |^��nn9�>.^�, ½Â��n
¥�ª�m�ÍÜXê [10−13]:∫∫

s

e(i)
mp ·

∂e
(j)
mn

∂z
ds

=Ci,j
pn

1
a

da

dz
, i, j���1, 2, (5)

Ù¥

C1,1
pn =


−εm

2
, n = p,

ν2
mnεm

ν2
mp − ν2

cmn

(−1)p+n, n 6= p,

C1,2
pn = 0,

C2,1
pn =

mεm√
µ2

mp − m2
(−1)p+n,

C2,2
pn =



−εm

2
m2

µ2
mp − m2

, n = p,

εmµ2
mp

µ2
mn − µ2

mp

(−1)p+n√
µ2

mn − m2

×m2 − (µmn)2√
µ2

mp − m2
, n 6= p,

(6)

þª¥: m = 0, 1, 2, · · · ; εm = 1, m = 0; εm =

2,m 6= 0; ª¥ νmn 9 µmn ©O�1 m � Bessel

¼ê Jm 9Ù�ê J′m �1 n ��"�; a ���n
n9�». ��L���n¥��ª��ª>ØÚ
�ª>6���DÑ��§|.

>Å���Ã
DÑ��§|:

dVmn

dz
=

j

ωε
γ2

mnImn +
∑
mp

VmpC
1,1
pn

1
a

da

dz

+
∑
mp

V ∗
mpC

2,1
pn

1
a

da

dz
,

dImn

dz
= − jωεVmn +

∑
mp

ImpC
1,1
pn

1
a

da

dz

+
∑
mp

I∗mpC
2,1
pn

1
a

da

dz
; (7)

^Å���Ã
DÑ��§|:

d
dz

V ∗
mn = −jωµI∗mn +

∑
mp

V ∗
mpC

2,2
pn

1
a

da

dz
,

d
dz

I∗mn =
j

ωµ
γ∗2

mnV ∗
mn +

∑
mp

I∗mpC
2,2
pn

1
a

da

dz
, (8)

ª¥� C1,1
pn

1
a

da

dz
, C1,2

pn

1
a

da

dz
, C2,1

pn

1
a

da

dz
Ú C2,2

pn

1
a

da

dz
©OL«>Å�>Å!>Å�^Å!^Å�>Å
9^Å�^Å�ªm�ÍÜXê; γmn, γ∗

mn ©OL
«>Å�^Å�DÂ~ê.

£^+��n´üàm��m�ª��n, �
>.éó��ª��, m>.÷v1Å^�

dV
(∗)
mn

dz
± γ(∗)

mn|z=0,L = 0. (9)

�
ïþ��n��ª³�Uå, Ú\�ó�
�ª8�zÌ� [14] �Vg, ½Â�

−20 lg
(

Vmn(z)
Vmn′(z)

)
, (10)

ª¥ Vmn L«^Å TEmn (½>Å TMmn) p�Ì
�¼ê����; Vmn′ L«�ó��ª TEmn′ (½
>Å TMmn′) p�Ì�¼ê����.

ïÄ (7), (8) ª, ¦��ªm�ÍÜC�, ü$
�ó��ª8�zÌ�, Ò�±k�³��ª¿�.

ÍÜXê¥ C1,1
pn , C1,2

pn , C2,1
pn Ú C2,2

pn �ë�ÍÜ�
�ªëê(½, ØUë�`z; U
`z��kX
ê� (1/a)(da/dz), ÏLUCù��C�, �±`
zÑé�ó��ª³��Ð���n. Äuù�n
Ø, �©æ^�C (��1w) ��g­�ë�nN
��»âCÜ©, ¦� (1/a)(da/dz) ~�, l
ü
$�ªm�ÍÜ, ��³��ó��ª��J; d
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	, 1w­��Ú\, )û
¦)DÑ��§ (|)

©«m¦)�¯K, ¦ó§O����B, ¢S�
+��éN´¢y. Ú\ë�nNØÓ ���N
�Cë�(�, ÏL�N�Cã�/G, UCnS
�ó��ª�ó��ªm��pÍÜÚ�éÌ�
��, �±Jp��n�|Z6Uå, ¦ù«��
n3³��ª¿�þÓk��`³.

3 ê�O�

3.1 oooNNNëëëêêê'''���

�âþãnØ9©Û, �Ä¢S£^+ó��
n, �ªÀ^^Å��k�, �gê�O�æ^o
�9�¥©{é�§ (8), (9) ª?1ê�¦). �
Cã�é¡�Ô�, �ã�Ô��/Gdë��Ô
���Ý5(½, ëêXã 1 ¤«. Ù¥, L1, L2,

L3, L4 ©OL«�gìCã��Ý; Lc L«��
nÌnNÜ©; Lt L«1ÅãÜ©. ÀJó�ª
Ç� 94 GHz, ó��ª� TE03 �, �ó��ª�
� TE01, TE02 �. �éòC��n(�Ú�C�
�n(�, ?�§S, `z�OÑ�ª³�4Ð�
�C��nÚ`zëê�Ð�òC��n, ëêX
L 1 ¤«.

ü«nN�Ì�º��Ó. ã 2 �òC��
nA5, ó��ªªÇ� 93.919, ¬�Ï� 13113;

�â (14) ª, ÌnN¥�ª TE01 �8�zÌ�
� −82.4 dB, TE02 8�zÌ�� −59.2 dB; 1Å
ã (nm�Å�Ü©, ã 1 ¥� Lt) TE01 8�z
Ì�� −38.26 dB, TE02 8�zÌ�� −33.2 dB.

ã 3 ��C��nA5, ó��ªªÇ 93.942 GHz,

¬�Ï� 3513; ÌnN¥�ª TE01 8�zÌ�
� −100 dB, TE02 8�zÌ�� −82.2 dB; 1Å
ã TE01 8�zÌ�� −88.6 dB, TE02 8�zÌ�
� −76.2 dB. �
¦ü«ØÓ���nSó��ª
��ó��ª���Ì��*z, ò�ó��ª:

TE01, TE02 �ªÌ��� 20 � (=��êþ?),

TE03 �ªÌ��±ØC; lã 2, 3 ¥� TE03 �,

TE02 �Ú TE01 ��p�Ì�©Ù�±wÑ: òC
��n¥, �ó��ªvU�éÐ�³�, �ó�
�ªÌ�����êþ?; ÑÑ1Åã, �ó��
ª�vk��k�³�. �C��n¥, ó��ª
XÝ�p, 3����þ?þ (�ó��ª�� 20

�) �vUk²w� TE01, TE02 �ª�3; 3ÑÑ

�Cã, �,k�ó��ªÍÜÑ5, �3ÑÑ1

L 1 nNëê

�C��n òC��n

ªÇ/GHz 93.942 93.919

ó��ª TE03 TE03

¬�Ï� 3513 13113

n� (8�z) 3.4 3.4

nN�» (8�z) 0.5173 0.5173
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ã 1 �Cë�nëê©Ù

� � � � � � � � � � ��� � �� � �� � �� � �� � � 	 
 � �	 
 � �	 
 � �
ã 2 òC��n¥p��ªÌ�©Ù

� � � � � � � � � � ��� � �� � �� � �� � �� � � 	 
 � �	 
 � �	 
 � �
ã 3 �C��n¥p��ªÌ�©Ù
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Åã, ù
�ó��ªÓ���k�³�; ÃØ´
��n¥�´1Åã, ó��ªXÝ'åòCnk
�ÌJp. ù«`���ó��ª³�Uåk|u
Jppg�£^+�ó�5U.

3.2 ���CCC������nnn���NNNëëëêêê`̀̀zzz���ÀÀÀ���

òC��nU`z�ëêkn�Ú�Cã�
�; �C��n3òC��nÄ:þÚ\o��N
ëê, Ün���Cã�ëê, �±`zÑ�ªX
Ý4p�p�þ��n. 3`z�L§¥, uy3
ùo�ëê¥, L1 énNëêÚ�ª³�A�vk
K�; L2, L3, L4 én¥Ú1Åã��ªXÝkØ
Ó§Ý�K�; yò��Cã�K�±�3ã 4—

ã 6 ¥; ã¥�ª�I5 T L«ÑÑ1Åã, S L«
ÌnN¥.

ã 4 L ², L2 é � � n Ì n ¥ � ó � �
ª TE01 �Ì�K�� TE02 ��; 3ÑÑ1Å
ã, é TE02 �ª�Ì�K�� TE01 �; ÏLN�
`z L2 ���, �±JpÌnNé�ó��ª³
�Uå. �Ä�1Åã�±ÏL L4 N�ÑÑ1Å
ãó��ªXÝ, L2 �À�, Ì��ÄnS�7Å
|XÝÚ£^ól¥�¿��ª�>f5m�Í
Ü'X, � L2 �ÀJ� 8—11 �8�z�Ý. ã 5

´1w�Cã/Gëê L3 é��nÌnN¥Ú1
Åã�ªXÝ�K�­�, �±wÑ, L3 ãé TE02

�ª3ÑÑ1Åã��éÌ�K���, éÙ§�
ª�K���, ��ÀJ L3 � 10 �8�z�Ý.

ã 4 �ªÌ�� L2 Cz

L4 �CzéÌnNnS�ªXÝA�vkK
�, éÑÑ1Åã�ªXÝ�K���, K�ª³
Xã 6 ¤«. �±wÑ, L4 À�� 15 �8�z�

Ý�Ð, �±¦ÑÑ�ó��ª�8�zÌ��
u −88 dB.

ã 5 �ªÌ�� L3 Cz

ã 6 �ªÌ�� L4 Cz

ã 7 òC(���ªm�ÍÜXê÷p�©Ù

�
�Ù£ãü«ØÓnN(�!ØÓ�ª
m�ÍÜXê©Ù, ©O^ã 7 Úã 8 5£ã; ã
¥, Cmn L«æ^ò�ë�� TE0m �Ú TE0n �
m�ÍÜXê, Cgmn L«æ^1w�g­��C
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ë�� TE0m �Ú TE0n m�ÍÜXê. ã 7 ´æ
^òC(����ªm�ÍÜXê÷nNp�©
Ù­�; ã 8 ´�éùg�ý, éoã1wë��
g­���`�|Ü�, ��ªmÍÜXê�p�
�©Ù­�.

ã 8 �C(���ªm�ÍÜXê÷p�©Ù

�±wÑ, �OÜ·�1wë�, �ªÍÜX

ê3�Cã²w~�, AO´d�5�3ò:?�
âCG�C���ëY (�G), ¦�ª¿���k
�³�, Jp
ó��ª�XÝ.

4 ( Ø

ÏLém�ª��n�nØ©ÛÚ(Ü¢
S�ê�O�(J5w, 1w�C��nkéÐ
��ª³��^; n¥�ó��ª8�zÌ��
� −100 dB, ÑÑ1Åã�ó��ª8�zÌ��
� −88.6 dB. 3`z�Où«�C��n�, 3n
S, ó��ª��ó��ªÏL�g­�ëê L2

5N!, ÜnÀJ L2 �±¦ó��ªXÝJp; 3
ÑÑ1Åã, ÏLN��g­�ëê L4, �±Jp
ó��ªÑÑXÝ; Ù¦üã1w�Cã, é��
n�5UK�Ø�, �±�âó§I�, ÜnÀJ
ëê. 1w�C��nJp
�ó��ª³�Uå,

òù«�C��n^u£^+, 7ò�ÌJp£^
+�5U.
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Abstract

The mode competition is the problem to be solved urgently in high-order mode gyrotron. Based on the generalized theory of

transmission line, a group of first order transmission line equations that can accurately describe the coupling modes in a gradually-

varying cavity is studied. Through analysing the expressions of the coupling coefficients between the various modes, a gradual-varying

cavity for a gyrotron is designed. It is proved that the power in spurious modes in this novel cavity may be kept far below that in the

line-joint cavity. The normalized amplitudes of non-operating modes can reach −100 dB in cavity and −88.6 dB in travelling wave

guide.

Keywords: cavity, gyrotron, modes, coupling coefficients
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