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I. Introduction

An accelerat.ing RF cavity usually requires accessory devices such as a tuner, a

coupler, and a damper to perform properly. Since a device is attached to the wall of

the cavity to have certain electrical coupling of the cavity field through she opening,

RF power dissipation is involved. In a high power accelerating cavity, the RF power

coupled and dissipated in the opening and in the device must be estimated to design

a proper cooling system for the device. The single cell cavities of the APS storage

ring will use the same accessories. These cavities are rotationally symmetric and

the fields around the equator can be approximated with the fields of the cylindrical

pillbox cavity. In the following, the coupled and dissipated fundamental mode RF

power in a waveguide attached to a pillbox cavity is discussed. The waveguide

configurations are 1) aperture- coupled cylindrical waveguide with matched load

termination, 2) short- circuited cylindrical waveguide, and 3) E-probe or H-loop

coupled coaxial waveguide. A short-circuited, one-wavelength coaxial structure is

considered for the fundamental frequency rejection circuit of an H-loop damper.
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II. Coupled Waveguide Modes

Figure 1 shows a pillbox cavity with a cylindrical waveguide attached t,o it. For

T.Mr010mode, fields in the cavity are

k2
E_= =--Jo(G'Y), H,, = k_,J_(k0,p') (1)
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where J= is the n-th order Bessel function of the first kind. The fundamental mode

RF power dissipated in the cavity with the fields in equation (1) is

P - [[ R, IH¢,(p',¢',z)12ds (2)
ddt avity wall

where R, is the surface resistance of the cavity metal

n,= __. (31

For the cavity input power Pi=, the fields are

k2
_, = b_.--jo(k,,p'), _z,,= b_k_,J,(k,,p')
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where

bn = _.

The magnetic field in the aperture Sa is assumed to be uniform and ¢'- directed.

SzH a _ __¢,He, (4)

In a circularly cylindrical waveguide, the mode functions are

jn
Hn5 M =ft o -- Jr,, ( lcof} )e in* e -j k, zp (5)

-&_kpJ"(kpp)ed'_e-dk,

for TM modes, where

k_ = _/k2- k_, k0- z.pa



and
l,_:ko

H.%E = - Ao J'.(kop)eJnOe-jk':

-a, j k:--'-2A(koP) d"¢ e- j k, .- (6)
w_p
k2 2

+az -- lcz Jn(kpp)ejnCe -jk;'z
ja)#

for TE modes, where
t

k_= ¢k2- k_, k0 z_pa

I

a is the guide radius, k is the free space wave number, and xnp and xnp are the

p-.th zeros of Jr, and J_, respectively.

The aperture field can be expressed in a two-dimensional Fourier-Bessel series

a_

TE TE

H_ = E E (%TM h"TM + c.;,h,.,p) (7)
n=O p=l

where hnp arethenormalizedmode vectorswith

ff_ Ih=,l2ds- I. (8)ross s ection

From equation (7), the Fourier expansion coefficients are found as

a 2_r

c,_;,= / / Ha(p, ¢).hnp(p,¢) pdpd¢. (9)
0 0

For the uniform aperture field in equation (4),

H a = IH=l(apcos¢- acsin¢). (10)
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III. Power Dissipation in a Matched Load Terminated Waveguide

For each mode. the dissipated power in the waveguide is the dissipated power

in the waveguide wall plus the dissipated power in the matched load. The dissipated

power in the load equals the time average power flow through the waveguide. The

total power dissipation

I'd = P,o_n+ Ptoad

0 0 0 0

where E and H are the fields inside the waveguide supported by the aperture field

in equation (7).

The np- th modal electric field is

Ehp ,7_ "

where the wave impedances axe given as

Z_, T,_,_= _P_.= k__L

for TM modes and
E+ w#Zw,TE -. ,, = ....
Hp k_

for TE modes, ft a frequency below the cut-off for t,he dominant TExl mode of

the waveguide, ignoring the wall loss, all the waveguide modes have purely reactive

input impedance. The input impedance of the matched load terminated waveguide

at the aperture may be found using the transmissiou line theory. If the length _ of

the waveguide is sufficiently long, the resistive component of the input impedance is

negligible and, therefore, the time average power flow in the waveguide is negligible.



IV. Power Dissipation in a Short-Circuited Waveguide

In a t.erminated cylindrical waveguide, the magnetic field wave of the np- th

mode is

Hnp(Z) = H+pe-_"'z[1 - Fn,(z)] (12)

where

HZp
= ,

the propagation constant

7=_+j3,

and H + and H- are the incident and the reflected waves, respectively. In a short-

circuited waveguide, H-/H + = 1 at the short z = g. The total power lost in the

waveguide section is the power dissipated on the waveguide wall plus the power

dissipated on the short.

2_r _ a 2_r

= f/Rs[H(a,¢,z)[ 2 dCdz+ f f RslH(p,¢,g)[ 2 pdpd¢. (14)
0 0 0 0

At a frequency below the cut-off of the waveguide mode, the modal field evanesces

rapidly and the dissipated power on the short can be ignored if the length g is

sufficiently long.



V. Power Dissipation in a Coaxial Transmission Line Section

Figures 2(a) and 2(b) show the coaxial transmission line attached to a cavity

d_rough a probe and a loop, respectively. The current induced on the probe is

a //_v eoEdv "_ jw%AE (3.5)I = 0--7 ,obe

where A is the probe surface area, and the voltage induced on the loop is

-0//o #oH" ds __ -jw#oSH (16)V- Ot op

where S is the area of the loop. The coaxial transmission line has a diameter much

less than a wavelength and thus coupling of the TM and TE waveguide modes will

be ignored. In the coaxial line, only a TEM mode will be excited with no frequency

limit. For a short-circuited coaxial transmission line section, the standing wave fields

are

E = apEo sin(kz)= 5.p V
P ln(a/b)sin(kz) (17al

H = _¢ _cos(kz) (17b)

where 7/is the free space wave impedance. The voltage induced on the E-probe is

Y = Z'"L (18)

The total power dissipated in the inner and outer conductor walls and on the short

is

Pa = P_ + Po_ + Ps_
2_r

[ [ z)l d dz
,J

0 0

a 2_r

+ / / RsIH¢(p, _,e)l 2 pdpd¢. (19)
b 0

Note that, if Pse is ignored, the power dissipation is inversely proportional to the

conductor radius of the coaxial structure for a fixed characteristic impedance Zo.
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VI. Results

In the following:the cases ofthe cavitytowaveguide power couplingdescribed

above are discussedwith computation results.A cylindricaipillboxcavitywhose

Trier010resonance occurs at 352MHz isused in the computation. The radius and

the height of the pillboxare 0.1325mand 0.365m. respectively.100f(14,"of cavity

input power isused.

Transversemagnetic modes have magnetic fieldsdosed inthe transverseplane.

For equation (9),resultsshow that only the TEIp modes are excitedin the wave-

guide due tothe aperturefieldH=. The modal power distributionofthe dissipated

power inthewaveguide isshown inTable I. The cumulative power dissipationalong

the axis oi"the 8creradius waveguide isshown in Figure 3. The power dissipation

versus the dia.meterofthe attached waveguide isshown in Figure 4. The waveguide

isterminated with a resistiveloadwhich isassumed to be matched forallwaveguide

modes. For TEll mode, the attenuationconstant of the 8cre radius waveguide is

ce= 21.8 Nepers/m. This shows that the RF power at z = 30 cm ismore than

50 dB below the input power. Therefore,the time average power flow through the

waveguide can be ignored.

Ii"the guide length f..> 0.1m and the aperture radius r < 8cre,from Figure 3,

the power dissipationson the shortand on the walldue to the reflectedfieldbecome

negligible.Thus, the power dissipationin a short-circuitedcylindricalwaveguide

attached to a pillboxcavitymust be similarto the resultsshown in Figure 13.

The power dissipationin a short-circuited150f_coaxialtransmissionlinesection

versusthe radiusofouter conductor ofa coaxiallineisshown inFigure 15.The length

ofthe coaxialsectionisIX at 3152MHz and the characteristicimpedance ofthe line

is50_. The resultshows that a coaxiallinewith greaterconductor radiusdissipates

less,as expected. Since TEll can stillcouple to the coaxialstructure,combining

the above resultwith the power dissipationshown in Figure 4,the optimum radius

of a coaxialtransmissionlinemay be found.



Figure1. A cylindricalwaveguideattachedto a

.. pillboxcavitythroughan aperture

b a

=hortcircuit

(a) CoaxialtransmissionlinewithE-probe

looparea S

(b) Coaxial transmissionline withH-loop

Figure2. Short-circuitedcoaxialtransmissionline sections
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