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Abstract

The conventional TW-mode accelerating structures are usually used for high gradient linacs. But these structures
grow old quickly during running. It is very serious problem for creation next linear colliders [1].

One way to overcoming it is using the parallel coupled accelerating structure with rectangular waveguide feeder [2].

In this article the calculation of parallel coupled accelerating structure is presented.

Pacuer cTpykTypbl ¢ napajuieIbHON CBS3bIO
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AHHOTAINISE

JUtst TUHEHHBIX ycKopuTeled ¢ GONBIMM TI'pajMeHTOM OOBIMHO HCIIONB3YIOTCS YCKOPSIONIUE CTPYKTYPHI Ha
Gerymeii BonHe. OJHAKO 3TH CTPYKTYPHI OBICTPO CTAperoT BO BpeMs TPEHUPOBOK. OJTO ceffyac SBILIETCS OU€Hb
CEphE3HOI IPOGIEMOM TIPU CO3/IaHUH JIMHEHHBIX KoILTakiiepoB [1].

OmeuM U3 IIyTell IIPeoJIONICHUSI 3TOrO SBISIETCS HCIIONB30BAaHUE CTPYKTYP € IapaUIENBHON CBSA3BIO U
TIPSIMOYT OTTHHBIM BOITHOBOJHBIM QuziepoM [2].

B sT0i#t cTaThe IPUBOAUTCS pacueT YCKOPSIOIIEH CTPYKTYPHI ¢ ITapaslIebHOH CBSI3BIO.
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Introduction

The conventional TW-mode accelerating structures are usually used for high gradient linacs. But these
structures grow old quickly during running. It is very serious problem for creation next linear colliders [1].

One way to overcoming it is using the parallel coupled accelerating structure with rectangular waveguide feeder
[2]. Such kind of structure has a lot of advantages:

The RF breakdown takes place only into single cavity and does not provoke a breakdown in the other cavities.
Only 1/N fraction of full RF stored energy is involved in process of damage (V — is the number of cavities).

The coupling cavity slot is placed on the flank edge of cavity. It is not a place with strong electric field. But the
damage of an aperture is not so catastrophic.

In the parallel coupled cavity structure products of destroy surface are removing out quickly from the cavities in
waveguide feeder, which have a large cross size (when waveguide feeder is standard rectangular form).

There is very simple HOM problem solution: it is possible to make the damping HOM slot with a higher mode
load along a waveguide feeder or on the end of waveguide.

The most attractive variant of parallel coupled accelerating structure with rectangular waveguide feeder is
shown on Fig. 1. It has four feed waveguides. For operate mode 8 = 7 waveguides with A =24 must be used. This

waveguide has not so large wave resistance and group velocity equals to 0.5-c. Such accelerator can be fed by two

RF klystron with double RF output.
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Figure 1. Parallel coupled cavities accelerating structures with four rectangular feeding waveguides.

Single waveguide-cavity aperture coupling

Fig. 2 is shown rectangular waveguide coupled in common wide wall with cylindrycal cavity.
Assume that coupling aperture is infinitely thin. The slot tangential longitudinal electric field is equal to

E,=eD=e-2(zx) 2 ([E]=vim Je]=v .[2]=1/m). 1)

There are: e is amplitude and 3 is suitable normalized distribution function of coupling slot: IQ DS =1.
S



Feeding waveguide
Figure 2. Waveguide-cavity aperture coupling.

Tangential electric field of aperture excites in feed rectangular waveguide the electric and magnetic fields that

one can present as a sum of eigenvectors:
E:ZUze e, +Zqu'qu +2Uqh eqh_ZUa'Ea , (2a)

(ze) (ge) (qh) (a
H="1,h 4> Ly 4> Ty => 1y -h (2b)

(zh) (gh) (ge) (6)

There are: U, and /, the amplitude coefficients, z is the longitudinal class, g — the transverse class of waves, a and

b are encompassing index. €, and f;b are electric and magnetic normalized eigenvectors distribution functions:
SN P 1 for h=ga,
I(ea'eb)dSZI(hb'ha)dszgab :{0 for b=a

N N

Dimensionality: [U,]=V", [[,]=4, [¢,]=[h,1=1/m .
Tangential electric field of coupling aperture excites in cavity the electric and magnetic fields can be expanded

in terms of the complete set of cigenmodes as well:
(3a)

(3b)

There are: u, and i, — the amplitude coefficients, £, and f;‘, are electric and
magnetic normalized eigenvectors distribution functions:
[e.-euav=[h h,a=s,
14 14
Dimensionality: [, ] =V -m">, [i,]=A-m"> [£,1= |, |=1/m*> .
According to [3] for slot with tangential longitudinal electric field the amplitudes of electric field excited in
rectangular waveguide are equal to
Ui == Somy e 5 U = Som, e @

where sign (+) according to forward and (-) backward exciting wave,
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m, = Ifa (z)chKaz dz,
-2

K,=K,, =z, -k . k=2,
a eh Ze,h c
2 2
mn niw
ZaEZe,h: ( j +(_j s
a b

there are in (7): @ — wide of waveguide, » — high of waveguide,

fa(z)zﬂﬁé]-ﬁad], [fa]zl/m

n - external normal vector to surface of slot and L — is the transverse cross-section contour of waveguide.

In our case of excitation (coupling slot is in wide wall of rectangular waveguide) f, are equal to

1/2

fa(2)= ﬂﬁET ]-Eadl = lf[ﬁE, (z. x)]-f;a (x)dx =— IS(Z,x)-hM (x)dx .

-1/2 -1/2
For slot with tangential longitudinal electric field the amplitudes of electric field in cavity given by

_ koM, e - (o +Rs H., ) Jou
Koy —k* + jogoRs H,y
i, = _ga)goj\z/ls‘/ .‘e +Ko, - Jov .
ko, —k” + jowsoRg, H

>

There are:
@ @y, .

k =—, o —operate frequency, k,, = ——, @, is v resonant frequency,
4 4

wy, = [l nas . g, ]=1m'.
S

jOv :IGC 'gV)dV’ [jc]:A/mza [].()V]:A/ml/2 )
v

]c — density of off-site current. In our case it is accelerating current,
Ry, —real part of total surface resistance:

Zg, = HoHy z\/uo/’l}’a)ov ‘(1+j):RSv .(]J,_j),
o 20
&y +

J g,

H, = Iﬁvﬁv*dS (S - is the cavity wall surface).
N

The main quality factor on v -resonant frequency is equal to
Ry
0 _ Dot v _Og My 1
ov — — = .
RSV Ihvhv as RSV va
S

Then (10) can be written

. W, K, .
_kOVMSv'e_{]a):uO'i_ — OJ'JOV
u = QOV
v k k >
kg, —k* + =%
QOV

®)

(©6)

(M

®)

©)

(10a)

(10b)

(1D

(12)

(13)

(14a)



. _ja)g()MSv e +k0v “Jov
= ok
kG, —k* + -2
QOV
In order to find unknown exciting coefficient e in (4) and (10) it is necessary to equate the tangential magnet fields
of waveguide and cavity at the coupling aperture. As a result we can find

(14b)

e Uy +To)=e-Yyp =1y +1,. (15)

There are: waveguide conductivity 1
1 2 1 2 .
Yy =—->Y -m,=—Y,-mp+j-B, 16
Wy Za: aMa =5 Lo My J (16)

where index “0” and “/” on the right corresponds to the basic propagating H;o-mode, but conductivity B (real)
equals to

B= %-Im(ZYQ m2y, 17
a=0

the waveguide conductivity Y, for both e and 7 waves see appendix 2,
the cavity conductivity Y,

. 2
jos Mg,
Yo=Y, e (18)
v kg, —k+ R
Oov
waveguide exciting current [y,
L =31, -v, )m,. (19)

where U, andU, - the amplitudes incident waves on the right side and on the
left side accordingly, cavity exciting urrent /.

ko Mg, J
[C:Z ov Sv]OVk k (20)
vokg, kT em

QOV

One note: in general case if we don’t know a suitable distribution function 3 we must to represent slot tangential

longitudinal electric field E, as a complete set of normalized orthogonal vectors:

E.=Y e,5, [0,00d5=6,.
r S
In this case the equations for solutions will be a little extended [3].

We assume that non propagating waves in waveguide exist only near the aperture and didn’t affect to the other
slots. In other words only basic propagating wave Hjo-mode exist in waveguide. In this case the amplitudes of
electric field excited in rectangular waveguide are equal to (see (4))

e
§=¢5-mw, 21
there my,, -the coefficient (5) that according to propagating H;,-mode.

Only propagating waves H;,-mode exist in waveguide with amplitudes U* on the left of coupling slot and U fz
on the right of coupling slot. So the waveguide exciting currents /,, (19) is then

Ly =Y, U=z, )my . (22)
In addition we take into account only one exciting cavity mode (like E¢ o-mode cylindrical cavity).
Then the cavity exciting current /~ (20) and cavity conductivity Y. (18)

o - QoM ko JoZoY,
c=—j Jo Qo s __ 70‘10007 (23)
k(1+250, -5 k) ko Mg
v, = QM5

Zoko(1+270y -6 k)



The amplitude u of cavity (see (14a))

k
Zo| 1—j—2
o, _Qo ({ onj‘_ o)
I (l+2JQ0 5k) k0(1+2JQ0'5k) s

where off-site accelerating current j, is (see 12))

Jo = j (G, & )av =21 j )-cos(@ 1) dz = 21 - Int. (25)
-L/2
1 — average accelerating beam current (amplitude of the first current harmonic), [] ] =A, [Int] =1/m"?

=2r-——, f,—relative velocity of accelerating electrons. It is expected that the center of current bunch pass a

ﬂe

cavity at £ =0 time.
1 k2 -k 1
2 kk 2 kok T2 kk k

The resonant frequency @, of coupled cavity defined by setting equal to zero the imaginary part of input
conductivity Y that equals to

'(k—ko)-(k+k0) ~l‘(k—k0)-2k0 _k—k,

Ok=

Y =

(Yc“‘]"B):L. QM3 +j.|B-20, 5k QM3 )
m? m? | Zoko\l+402 -5 k*) © " Zokoll+402 5 K7)
The equation to find the resonance frequency is
M3
ves  ~Nr 7 D o kres + B
2Z,k,B 10;

=0. (26)

From which one can find

2
= @)
47 kB
The coupling coefficient S between source waveguide and accelerating cavity is defined by
d
2 L (28)
Pc D = O
The average power dissipated in the cavity walls
W&, - |1
] _oW _ o, & .”E| dV_LH-“ | dV = k_|u|2 (29)
QO QO 2’ZOQO
The power dissipated in external load without external sources
7 |U’|2~Y 2,02 2yl 402 - 55°)
b o Pol Yo el ma Yy mpYokili+ 405 -5k . (30)
“ 2 2 4 4M 505
Then /£ is written
ﬂ ’nW YOZ kO( +4Q0 é‘kres ) YOQ0§ kres’nIgV (31)
2’]\45Q0 B
Using (31) one can write cavity conductivity Y as
‘B+7Y, Y 1-25 k Y
y=2Brre To |y 12200k 550 a2 Lo gy, (32)
my 2,3 1+2]Q05k 2,3

k_kres ~ k_kres

there Ak = ~
k, k

res



The cavity effective shunt impedance defined by

L e 2 Li2 2
— | £, (z) cos((o t)dz] |u|2[ £, (z) cos((o t)dz]
A d:f [L I I zzono Int?.

-L/2 -L/2
¢ PLoss /L B PLossL kL
L/2
where L is cavity length, /nf = Igz (z)-cos(w 1) dz (see (25)).
~L/2

Then the power dissipated in external load without external sources one can rewrite as

B ,[7’-|u|2k0 B ,[7’-|u|2]nt2
“ 22,0,  Z,L

Parallel coupled structure

Parallel coupled accelerating structure (see Fig. 1) consists of four rectangular waveguide feeders and a few

(33)

€L

identical accelerating cavities. The coupling apertures of cavities powered from one waveguide are located on equal

distance. The operate accelerating mode is assumed @ = x . The equivalent layout of one (# th) period such

structure is shown on Fig. 3.
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Figure 3. Equivalent layout of one period.
There are on Fig. 3:
n=12....N (N is the number of accelerating cavities per one waveguide),
equivalent resistance Z,,
PR M () _ M () _ My () ‘ 1
Y, By +Yem) v Yomvzr/(n) Yo - Yomvzr/(n)
)Ty 207 ()
The amplitudes of exciting waves U, Oi (see (21))
2
ellci) Y A R A
C(n Cln Win n n n
Uilicm)=7 .

(35)

(36)



Then the equivalent current /,, on Fig. 3 is equal to:

ley . Jo(n) *Qoln) M _ _j‘k_o‘ lo(m)Z oY ¢(n) . 37)

[n = .
k- (1 + 2]Q0(n) -5 k(n)) My () k My (VM ()

- My ()

! is the length of waveguide between coupling slots (between accelerating cavities), ¥ = (a +K 0) . The attenuation
constant ¢ and propagation constant for rectangular H;o-mode waveguide a x b are

Hy 2
aHm:R_S.A_. 14_% i s Kozj. 2z s
Zy A b a \2a Ao

A . .
where Ao = — 2 jsthe waveguide length of rectangular H; ,-mode.

2
o)
2a
The amplitudes U, , and U,

n+zZ

- e Yo M) 1, -mip(,)
Ut =U"+UZ U -y U - —2 U -U; -,
n+Z n O(Vl){ET} n P W(n) n ZYT(,,,) ( n n+Z) ZYT(,,)
U U, U B e, + Sy — <20 gy ) D)
n n+zZ O(n) T n+zZ 2 W(n) n 2YT(n) n n+Z 2YT(n)

These equations can be rewritten as

UtY (u* Z,Y, .1n~mw(n)(1j= (U~ InZn(l)
[UJW_T(Z")[ULZJ{H 2 j 21y, =& g-) e

n+zZ

where 7(Z,) is standard nonnormalized transform matrix for resistance Z,,:

1+ani _an_Yo
r(z,)= ) (38)
( ) ZnYO l_ZnYO
2 2
Ut Ut 1,2 (1)
= Tl 1) ZnZn , 39
(o), rem a5 +ie )

where 7'(0, ) is standard transform matrix for / long waveguide:
7l 0
7(71) = ( ' lj |

In our case of accelerating structure (Fig. 1) length of waveguide between slots equals to A =24 . Assume that

the attenuation constant of waveguide ¢ ~ 0. Then transform matrix 7(0, )= E = ((1) (l)j . Assume that on the right

end of waveguide located short-wall: U,,,,; = -U,,,, . Then we can write
N N
Uty o_ (U T2k @ 40
(), AT [ (5), AZ 0 “

k=n
For initial and reflect input amplitudes

), el (5, (B0

='1



10

N N
The product [ [7(Z,) =I'(Zy,,). where Zy,, = 7, .
k=1 k=1
In other words our case is the simple case of resistance Z, placed in successively.
The amplitude of reflect wave from (41) is

Zr Yy —1 N1.7
U = Tot* 0 'U+ 2 Z k“~k ) (42)

+
A A T S S| = 2

Orsimpler: U,,, = Zyy, 14, +V . where Uy, =Up, +Up,, .

Yy 2 J
]Inp ¥ (I+np Ulnp) ZTZY0+1 { Inp Z

N
and V=Y (1,7,).
k="1

Multiply (40) by 7' (Z,,) = T(~Z,,,) to obtain:

() (), 120

k=n-1
N N
U, =(U;+U,;)=U,np—1,np~ 7= D17 (44
k=n-1 k=n-1

. Yo7
(U; —U,M):[n 02”]~U7np [

] Ulnp

45
YOZn n
:[1+T]~(Ulnp Ulnp) 2
From (15) take into account (45) we have
m
e, =) [YO (U+ U,;H)Jr In]: [2Y0U,np +7 ] (46)
Yy (n) My () ZTOZY +1
where
T, =1,+7,- { sz szsz Zyoi Yo +1) - Zlka
If all cavities are equally (Z, = Zand7, =1, = I, ) then
en:e:L-&- 2U;np+]—0 . (47)
my, NZY, +1 Y,

In this case the amplitude of reflect wave
NZYy -1 .. NZY, Iy

U, =— . 4
" NZY 41 P NZY, +1 X,
e (48)
~ 1 . ZNﬂ_l_szLNAk -U;, _]-.ef%.w. i.[
14+2/0;vAk 2NB+1 ? 2NB+1 Y,

but the amplitude #, of nth cavity from (24) is equal



Z¥,
un:u:jM‘sj—Qo.i.—o.U;zp_F
k(14270 -8 k) my NZV, +1
k
OoZo Y| 1-j—2
N M 0, LT zvg U0 kO 2nmme
to || k(1+2/0,-8k) my | NZV,+1  ky(1+2/0, 6 k) Y, (49)

jeelP 2-2B8-Z,L-P,, oV 1 Z,L-1

~

T1+2j0,0 Ak QNB+1)-Int 1+2/0,yAk Int-QNB+1)’
There are on (48) and (49):
k.. —k
the detuning angle ¢,,, defined as: tg((pm) =-20, 6 k,,, =20, %0 ,
0
Oy = 4 - loaded cavity quality factor of system,
NS +1
2
YO ‘Ultzp . L Vi
Py, = — mput power, @, - the phase of generator incident wave. Usually ¢, = By (6 ke <0)and
then

o ejy/(k) 22ng U N Zﬂ-ZeL 2 7 50
o= ]np+ - - N 1. Inp+T' Y_ ) ( )
14402, (A%) B+ B+ 0
olvk) 2-2B-Z,L-Ppy, joe  LL-1 1 (51)
U, = . et - It
T 1+40% (AKY 2N +1 INB+1) Int

k—k
tely (k)] = 20,y - Ak =20, - = and 9, =G, + 7

res
The real u, equals to Re(u,, -e’®"y . In order to obtain an energy gate of accelerating particle per single cavity it is
necessary to integrate real u, over z :

L/2

Wn = IRe(un 'ejwt)'gz(z)dz =
i (52)
) 1 |z Lp-z.L P, cosly )+ 9. |- Ll L)
17402, (\K) QNG +1) evp+)

On the resonance frequency (A k£ =0 ) we obtain:

2.pBZ.L-P, .
= Inp | LL-T (53)

Cos - s
g NG +1 P 2NB+1

- N2B-Z,L
vo J2NBL s NN /Yi[ (54)
0

PTANB+L TP 2NB+

The charm of such kind cavities feeding and operate on 7 -mode is the equally increment of accelerating particles
energy in all cavities (Constant Gradient accelerating regime) with the equally sizes of all cavities and coupling
slots.

The total energy gain is equal to

2-2B-Z,L-Py, Z,L-1
" cosp, — N =< (55)

Wy =N-W,=N- N .
ANB+1 ANB+1
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For matched regime on the resonance frequency without current (reflect power is equal to zero): 28 =—

@pN-1f* =0
Frar = QAN +1) Finp ’
2B8=1/N
o Z,L- P, v Ll 1| 1
" N 2 Int’

[Z.1-P, 17,1
Wo=.,——" .cosqp, — e |
n N Py )

N-I1-Z,L
Wy =N W, =N - [P, Z,L -cosp, - =

2

The simple case of / =0and ¢, =0. The reflect power is equal to zero P, =0, the amplitude in 7 cavity

/ZQL-P]np 1
Uy =N~ "7, " Ho>
N Int
/P Z,L
Wn Inp WO,
N

WTol = \/ﬁ'\[PIaneL = WTOZ.O .

the energy gain per one cavity

and the total energy gain

(56)

&)

(38)

(39

(60)

(61

If m of N cavities are shorted (size of slot equal zero) for example in case of breakdown, then we must to replace N

by N-m.
In this case the reflect power will be nonzero and increased up to
2 2
~ ‘2 BN-1 om »
“pN | hgoyn, eNm)?

N =>N-

there is m maybe 0,1,...,N,

. . . 2N
2-2B-Z,L-Py, = u, for n=m,

CAN+)-Int gy, N

Uy = N =>N-m
=0 for n=m,
. . . 2N
2-\2B-Z,L-Pp, = W, for n=m,
CAN+D-tnt gy, 2N
W = ’
n N=>N-m
=0 for n=m,
20N —m
WTol :(N_’n)'Wn = ( )'WTOZ.O .

2N —m

(62)

(63)

(64)

(65)
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All written above is related only to single waveguide feeder. One can see that as distinct from travelling wave
mode accelerator the increase amplitude of electric field in parallel coupled cavity accelerator is small, when one
cavity is breakdown.

Example:
Operate frequency 11424 MHz ,
Input power Pp,, =2xT5MW =150 MW,
Nb. of waveguides 4,
Nb. of cavities per single feeding waveguide 45,
Effective shunt impedance Z,=90MQ/m,
Energy gain E, .=75MV/m,
Input power for single cavity P =083MW,
Total length of accelerating section L=237m,
Energy gain per section U=178MeV .

If only 1 from 45 cavities of single feeding waveguide is shorted in case of breakdown, the amplitude of electric
field in the other cavities concerned to this waveguide is increased only up to

u, = 2N U, :%‘”o =1.011.u,.
2N-m 89
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Appendix

1. Scalar functions 7, (E-waves) and ¥/; (H-waves)

Rectangular waveguide a x b (width a, high b):
2

a

2- 2-
v, = J Som . J Bon 05" . cos .
a b b
1 j=0 5
50]' = . ? Il//h,edS =1.
0 j#0 S

Circular waveguide:
— Io{ s )
-5 m| Fmn cosmp
vV, = o el . R . > Jr’n(:umn)zo’
s a- \/;ur%m — ;n2 Jm (tumn) Sinm(p
J (‘9 rj cosm
_ m mn (/)
l//e:wz é‘Oml K : > Jm(gmn)zo’
s a J,, (gmn) sinmep

there R is the radius of waveguide.

2, Main normalized functions of cylinder wave guides

H-waves: E-waves:
-0 =0
hzh:l//h'z P €re =W 2
~ 1 - . _
hipy=—"Viyy,, e, =—Viy,,
h

£ :[hlh XEO]:ZL‘WL‘/% XEO], h, :[20 XEL@]:ZL'[EO X%Ll//e].
For both H- and E-waves: '

e

- N B — I -0
huz,e = lZ XeLh,eJ: €lhe = thh,e Xz Ja

I(hzh +h,)dS = I(ELh,e '/;Lh,e)dS =1,

N

s
I(eze . eze)dS = I(ELh,e . ELh,e)dS =1 >
s s
2
mmw nr
o 5T
a b
Kop= \/Zez,h -k Lk :§>
Waveguide conductivity
K_—; for a=h,
J
Yazzl - , Zy = |2 =120 7 Ohm.
i £
0 i for a=e, 0
K@




15

3. Main normalized functions of cylinder cavities

1 = -0 . In
&, =,——-V xz |-sin—z,
P L' 7, [ 1¥n ] 7

h —\/? Ll v Iz coslﬁz+ 70 sinlﬂz
h L'% \7, 1¥n 7 7 Anl¥n 7 s

¢ L k, \x.,

. 2-5 SR

h, = or 1 [ZO xVLy/e] cos—z
L x.

2
In
kh,e = Z;,e +(7j :a’h,e\jgoﬂo .

For both H- and E-waves:

Iéie dv =1, Iﬁ,ie dv=1.
v v

4, Simple case of exciting coefficients
The simple example (see Fig. 4):
for waveguide slot Iz.x)= 1/% -cos%x .
where x is the coordinate along slot, / is the length of slot and # is the high of slot (z size), but the same distribution
function for cavity slot

L
Figure 4. a) rectangular waveguide with coupling aperture in wide wall,
b) cylindrical cavity with coupling aperture in side-wall.



where  D'(z.p)= ,/% -cos?rp , —ﬁs @< ﬁ

In this case coefficients f, (8) and m, (5) are equal to

% ‘\J2-6y, forH,, waves

smB : [1 - ”;lﬂ smB : [1 + ”;lﬂ | (idexa=h)

P _L.\ﬁ.smm.mﬂ. .
Zaﬂla.b h 2 2 Z'[l_mlj Z.[“_mlj

a a %\/5 JorE,  waves
(idex a= e).
=1 .h
’na fa Kah
2

The simple Eg;, -mode cylindrical cavity example (R - the radius of cavity, L - the length of cavity):

> 2 Jo(ﬂ(m;j
gz(r):\/:-\/:-—-—, Zoy = 2.405.
L Vz R Jl(ZOl)

1
h = R =—
o =F) Jz-L-R
The coefficient M ¢ (11) and integral /nt (25) are equal to
I

w0 2 [2n
Mg = I I 9’(2,(/})-%(}” :R)-Rd(pdz =——-.|—,
7R \ 7l
L —hi2
2R
i 2 ST L
]ntzjgzz~coswt dZEJ. g,(z) cos T2 dr= L. ~\/:,
R A [/u 0L RJ () Vi
2p
where g — operate mode,
p= 2i -A- f, — period of system (must be more then L),
V4
pB.=v,/c  —relative velocity of accelerating electrons.

5. Equivalent circuit for waveguide-cavity coupling

We assumed that nonpropagating waves in waveguide exist only near the aperture and didn’t affect to the other
slots. In other words only basic propagating wave H,o-mode exist in waveguide. In this case we can draw the
equivalent circuit for rectangular waveguide with coupling slot (Fig. 5a). The power supply at e Volt is loading on
conductivity 13, (see (16)). Y, is the waveguide conductivity of H;,-mode. This voltage source excites in

waveguide only H;,-mode with amplitudes (see (4))

e e
+ = —— N = —
U, My U, My .

The cavity stored energy (see Fig. 5b)

CUz L w? LI} S i
Wo===¢ :g_o.juz(g.g)dV:go u =—L=&~J.i2(h~h)dV=M.
2 2 2 2 2 a 2

Assume that U, =u-4/k, and I, =i-,/k, . Then parameters of equivalent circuit will be: C =g, / k,,
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Figure 5. Equivalent circuit: a) waveguide with coupling slot in wide wall,
b) cavity with coupling slot in flank; c) total circuit for waveguide-cavity coupling.

L Z
L=yylky. R = %ot _ Pk _ o

0y  Qoky Oy
The amplitude u of cavity (see (24))
k
QyZ, [1 - jOJ
My O, kQy

250,08 ¢k (r250, 5k) T

But capacity voltage U, from equivalent circuit

1 .

1 mg ja)C'(RJrja)L) .

Ue =—— C e lo -
IO Ry jo L+ (R+jo L)+

joC joC

(A2)

(A3)
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Or using parameters of equivalent circuit (A2):

k
QuZo| 1=~
_ . ( ko ‘ms)‘Qo { onj .
Ve = ko ]k(1+2jQ0-5k)'e_k0(1+2jQ0-5k)'(’° o) (4D

Compare (A3) and (A4) we obtain the transformation ratio ¢ and current 7, :

Ms  _ Jo
mg = L iy = ) (A5)
The cavity conductivity Y. (see (18))
YC — QOMg' = mg‘ (A6)
Z oo (1+2/0, -5 k) R+ jal + I
joC

Fig. 4c shows total circuit for waveguide-cavity coupling. Voltage e according to (15) is equal to
e Uy +Yo)=e Yy =1 =1y + 1. (A7)
There Y, is total conductivity for “e”- point (see Fig. 5c):

=———+jB+Y, . (A8)

Only propagating waves H,-mode exist in waveguide with amplitudes U* on the left of coupling slot and U fz on
the right of coupling slot. So the waveguide exciting currents / and /- in (A7) or (15) are equal to

Ly =Y, U=z, )my . (A9)
b :_j' jO 'QOMS = 1 . ’nS 'iO (AIO)
¢ k(1+2/0,-6k) joC 1

R+ joL+

joC



