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Abstract

In this report some formulas are collected which are often

used in evaluating the rf properties of cylindrical cavities.

In two tables the values of frequency, geometry factor and peak

field for TEnn and TEin modes are given.
OIn lln

Cylindrical cavities are often used to determine the rf-superconducting

properties of materials. In order to evaluate the wanted quantities, e.g.,

surface resistance and peak fields, one needs some theoretical numbers. These

numbers and related formulas are collected in this report.

1. Field Components in TE Modes

Er ' J k
8ln V 8ln

k"" Jv(krr> 8ln V

E • 0z

(I)

T — J '(k r) cos k,z cos v9
K v r z

He = • if
vj(kr) cos V 8in

J {k r) sin k z cos v0

(2)

The symbols used in Eqs. (1) and (2) have the following meaning: Ef, Eg, E z

and Hr, Hg, H z are the components of the electric and magnetic fields, respec-

tively, with the cylindrical coordinates r, 0, z as shown in Fig. 1.

1. See, for instance, E.G. linger, Elektromagnetische Wellen (F. Vieweg u.
Sohn, Braunschweig, 1967).
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J and j ' are Bessei functions and their derivatives. The remaining quantities

k, kr, kz are determined by the boundary conditions to be

V = Ji • <3>
j ' being the first zero of j ' ,
vo \ffl

k a • raw f- , (4)

*2 - • • { • • i •

and

i . L/fflL)2

k V V j ' h /

As w * 2nf = kc, the resonant frequency is derived from Eq» (5) to be

2. Geometry Factor Q*r

The Q-Vi'iltii1 IN defined as

k w

r JH H*d8
S u II II

with W = energy stored and P = power lost in the cavity, Hn means the component

parallel to the surfs

Qo can be written as

of H parallel to the surface, r is the surface resistance, a material constant.
s

G is a factor which depends only on the geometry. For TE modes one gets:
Minn
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(ka)3 [l - -*i
\ • 9*

- Qo-rs = | " T—5 " r"i, ., 5 (10)

2 Z j

In order to get G in ohms, the above result has to be multiplied by

Z = / u / s • 376.73 ohms,o o o

3. Peak Fields

Using Eq. (8) one can write

k2PQo = I k
3 J 5 H* dV - § k3 J E E* dV

k f H H dV
k2J'Q * 4 : - ^ l * H2 " G~2 • n2 . f i n

In order to determine the peak magnetic f i e ld H from a measurement of Qo and P,

one therefore needs the feetor Gn,

H - 6B • k • / ^ . (12)

To obtain the value in convenient units it is better to use

B[gauss] - C B • f[GHz] • J P[watt] • {^[millions] (13)

with

Cn - Gn • 13.569 . (14)

To evaluate Gg using Eq. (11) one needs the stored energy and the peak

fields H. The stored energy is given by the following expression, which is

achieved by integrating Eqs. (1):

In order to find H one has to look at the field components in Eqs. (1)

and find the maximum amplitude. It can be seen that there are maximums at

the cylinder wall ( r = a) and other maximums at the top and bottom end plates.
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By putting numbers into Eqs. (1) one finds that for both TEQ,, and TE.,. modes

the maximum H-field appears at r « a and Z • h/2. Therefore, H = H3 (a, h/2).

For n > 1 H shows to be Hr at Z
 m 0 and h and the radius r = 0 at which

J '(k r) becomes maximum,v r

One also shows that for all TE... nodes the electric field on the surface
Oln

is always zero and that for all T E n modes the peak electric field appears at

the cylinder wall and is given by E r at r • a and Z • h/2n. The ratio E/H in

usual un.ts is derived by

Figure 1 shows sketches of several field distributions.

The numbers calculated from the abov> formulas are given in Table I for

the TE,,, modes and in Table II for the TE,, modes.Oln lln

Some Bessel function values often used during these calculations are:

J0't - 3.831706 V j d P " " °'402759

j ^ - 1.84118 J i^ i i> " 0-S81B7

Distr.: AADD Limited
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TABLE I. Calculated frequencies, geometry factors and peak fields of T E m
modes in a cylindrical cavity of radius a = 69.30 mm and lengtn n

h = 136.366 mm.

n

1

2

3

4

5

6

7

8

9

10

11

Frequency
fGHzl

2.858

3.434

4.223

5.128

6.097

7.103

8.134

9.181

10.239

11.304

12.376

Geometry Factor
rm
780

930

1142

1362

1631

1916

2193

2426

2728

3045

3334

GB

0.08780

0.07320

0.06491

0.05233

0.04323

0.03538

0.02942

0.02484

0.02128

0.01846

0.01619

CB

1.1913

0.9933

0.8808

0.7230

0.5863

0.4801

0.39*J2

0.3371

0.2887

0.2504

0.2197

TABLE II. Calculated frequencies, geometry factors and peak fields of ^
modes in a jylindrical cavity of radius a • 69.30 mm and length
h • 136.366 mm.

n

1

2

3

4

5

6

7

8

9

10

11

Frequency
TGHzi
1.679

2.541

3.538

4.583

5.649

6.726

7.810

8.898

9,989

11.082

12.177

Geometry Factor

322

485

675

873

1076

1281

1488

1694

1902

2110

2318

GB

0.2362

0.1251

0.08203

0.05727

0.04244

0.03291

0.02643

0.02180

0.01837

0.01570

0.01368

CB

3.205

1.698

1.113

0.7772

0.5759

0.4467

0.3586

0.2958

0.2492

0.2136

0.1857

E/H
fMV/m/sauss1

0.02156

0.02186

0.02029

0.01971

0.01944

0.01929

0-01920

0.01914

0.01910

0.01907

0.01905


