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The complex permittivity of the material is then obtained by

means of the program presented in [3]. By including in the computer

procedure the search for a and & one would be able to determine c,

directly from the slotted line measurements (location and amplitude

of the extrema). This technique, however, remains liiited to those

situations where the standhg-wave pattern presents extrema; thk

is no longer the case for Klgbly 10SSY materials or far from the shorted

termination.

The method presented here can reatlly be used in other situations

where the propagation coefficient is to be determined from field

pattern measurements along open lines: microstrip, microslot, di-

electric waveguides, G-lines, and confocal transmission lines, to name

only a few.
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Measurement of the Electromagnetic-Field Components

in a Rectangular Drift Tube-Loaded Cavity Using Various

Perturbing Objects

F. BRUNNER, W. SCHOTT, AND H. DANIEL

Abstract—The electric-field quantities E, E., E., and the mag-

netic-field quantities H and Hz in a rectangular drift tube-loaded

cavity resonating in the TE101 mode have been measured along the

z direction by means of the perturbation method using a dielectric

bead, a metallic disk, a metallic needle, a metallic sphere, and a fer-

rite disk. The relative errors for E and Eti are 3 percent; for E,, 10

percent on the average; whereas for H and Hz, they are 10 percent at

least. The ferrite disk, being superior to the metallic sphere, offers

a new tectilque in determining magnetic-field components in cavity

resonators.

I. INTRODUCTION

The fields in the second half of a rectangular cavity resonator

operating in the TEw1 mode can be used for the phase-free accelera-

tion of charged particles, i.e., no fixed phase relation between the

phases of entrance of the particles into the fields and the phases of

the fields is necessary for the acceleration [1]. In Fig. 1 a cavity

resonator of thk type is sketched. The reference axis for the particles

is a straight line at z = a/2, y = b/2 parallel to the z axis. There is

a beam hole of 4-cm diameter at the front and rear plate of the

resonator. The fields in the first half of the resonator are shielded

by a drift tube of length d/2 and 4-cm diameter which is mounted

at the fz ont plate. In order to be able to calculate particle trajec-

tories and the energy gain withh the resonator, the electric and

magnetic fields must be known fairly accurately in the plane z = a/2

around the reference axis. Using the perturbation technique, field

measurements on the reference axis and on an axis at a distance of

1 cm parallel to the reference axis in the x = a/2 plane were made.
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Fig. 1. Experimental setup for measuring the electromagnetic fields
Of a drift tube-loaded cavity resonator. The dimensions Of the resOna-
tor were chosen to be a = 25.4, b = 30.0, and d = 55.~ cm. The drift
tube has a diameter of 4 cm.

II. EXPERIMENTAL

The experimental setup is shown schematically in Fig. 1. The

general perturbation method was described already by Hansen and

Post [2]. Special techniques for measuring small frequency shifts

in cavities were reported, e.g., by Hahn and Halama [3]. The rela-

tive frequency shift &o/u which is caused by the perturbing object

is obtained from the phase difference Jd between the input and out-

put signal of the resonator by

8u/u = &$/2Q (1)

‘ where Q is the Q factor of the resonator. The linear relation between

&j and h/a is fulfilled within better than 1 percent if CMis less than

10°. With the resonance frequency v = 639.44 MHz, the experi-

mental Q factor Q = 4388, and choosing the size of the perturbing

object in such a way that ad~~. = 6°, we got for the maximum fre-

quency shift (8~/a) ~ax = 1.2. 10–5. Measurements of such small

frequency shifts require short measuring times to avoid a drift of

the resonant frequency of the system. Therefore, a time of 1.5 min

was choeen during which the perturbing object was pulled through

the resonator by the pulley system. Moreover, the RF generator

was quartz stabilized within 1 Hz. The position .c of the perturbing

object and the phase difference 6+ were recorded by a plotter. The

frequency shifts caused by ellipsoid-shaped perturbation objects

are calculated and extensively reviewed in a paper by Voisin [4].

The frequency shift (6~/~), caused by a special object i can be

written

where & = a,/R, is the ratio of the shorter to the longer semiaxis

of the ellipsoid, and FI 1, I’l, GI \, and GL are functions depending on

the shape, the permittivity, and the permeability of the perturbing

object. El 1, EL, HI 1, and H1 are the electric- and magnetic-field
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TABLE I

i 2R (mm) 2a (mm) !3=a/R % ~r ‘Ii ‘A G 6 ‘L

1 (= Cu-disk) 7 0.1 0.014 0.424 4 .77.10-3 4.72.10-3 0.424

2 (= Ag-bead) 5 1 1 0.5 0.5

3 (= Ceflon bead) 8 2.03 1 0.256 0.256

4 (~ ferrite disk) 8 0.8 0.1 12.13 10.0 0.209 0.035 0.184 0.034

5 (= steel needle) 9.1 0.2 0.022 0.0945 3. 232.10-4 1 .616.10-4 3.220 -10-4

components parallel and perpendicular to the larger semiaxis of the

ellipsoid, respectively. In Table I, the dimensions, the permittivit y,

the permeability of the used perturbing objects, and the functions

F[l,..., G~ are listed. The perrnittivities of the Teflon bead and the

ferrite disk were measured using the cavity resonator with the drift

tube removed. In an ideal resonator of tbk type, there are only Ev-

and Hz-field components in the plane x = a/2. At x = a/2, y = b/2,

and z = d/2 the component Ev has a maximum. There, deviations

from the ideal field caused by the beam holes are negligible, and

one has Ev/ (PQ) 1(z = (8/couabd) 1/2 and H. is zero. Thus ~, can be

determined for a specimen brought to that point measuring &e/a

and using (2).

III. RESULTS AND DISCUSSION

It can be deduced from Table I that the components E./ (PQ) ‘[z

and E,/ (PQ) Ifz are obtained directly from the metal disk and the

metal needle measurements. For reasons of symmetry the field com-

ponents E., H., and H, vanish in the plane x = a/2. Using the

Teflon bead, the absolute value of the electric field E/ (PQ) 1‘2 is

obtained. Furthermore, the metal disk and the steel needle measure-

ments are combined to values of E/ (PQ) 1/2 by E/ (PQ) 1/2 =

(Ev2/PQ + E}/PQ) ’12. The Teflon bead and the steel needle meas-

urements give further EU/ (PQ) 1/2values by Ev/ (PQ) ‘/2 = (E2/PQ –

EzZ/PQ) 112. Finally, the Teflon bead and the metal disk measure-

ments yield values of E./ (PQ) I(Z by E,/ (PQ) ‘Iz = (E2/PQ –

E;’/PQ) 112. Fig. 2 shows the results of the absolute value of the

electric field, the electric-field components Eti and E,, and the

magnetic-field component H. measured on the two axes parallel to

the z axis at y = b/2 and y = b/2 – 1 cm in the x = a/2 plane.

Concerning the electric fields, the full lines represent the directly’

measured fields, whereas the values, which were combined by two

measurements, are marked by circles. Both results agree well. The

relative errors for determining E/ (PQ) l/z and EU/ (PQ) 112are about

3 percent, as indicated in Fig. 2, for the Ev/(PQ) 1/’ curve at y = b/2.

E./ (PQ) ‘1’ was obtained within 10 percent as shown for y =

b/2 – 1 cm. E, vanishes on the axis y = b/2 within the limits of

error.
..

The magnetic field is more difficult to measure in our case because

it has a much smaller effect on &.o/a than the electric field. The ratio

of the maximum values of poHc~/PQ and cOEg’/PQ, e.g.,

(–)

~OH# #19
——

●oEu2 cozdz
%01

is only 0.17, assuming an ideal field distribution. In order to deter-

mine H/ (PQ) 1/2 and H=j (PQ) I/Z—both values should be identical

here—we used a dielectric and a metallic sphere in the first case,

and a dielectric sphere, a ferrite ‘disk, and a metallic needle in the

second case. The metallic needle data are necessary only for y =

b/2 – 1 cm where E. is different from zero. The use of a ferrite

perturbing object is a new technique. The quotient of the perturbing

object function G of the magnetic-field term in (2), divided by the

function F of the electric-field term (cf. Table I), is nearly twice as

large for the ferrite dkk as for the metallic sphere. This gives a

better accuracy of the magnetic-field measurement using the ferrite

disk than using the metallic sphere in regions where the electric

fields are not too large, i.e., near the end of the drift tube and for
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Fig. 2. Results of perturbation-object measurements E, EV, E., H,
and Hz versus the z coordinate of the resonator at Y = b/2 and u =
b/2 – 1 cm in the plane z = a/2. In the case of the electric fields, the
drawn lines represent direct measurements. The used perturbing ob-
jects were a TeflOn sphere fOr E/ (PQ )’1~, a meta}lic ask fOr ELJ / (pQ)’iz.
and a metallic needle for ~./ (P Q)112. The mcles represent yalues
which were composed from cliff erent measurements, respectlvel y,
E/(PQ)119 = (EU’/PQ + E#/PQ)l\z, E /(PQP12 = (Es/PQ – Ez’/PQ)’j2.
and E,/ (PQ) L/~ = (Ez/PQ — Ev2/Pd’)lJ~. In the case of the magnetic
field, the drawn lines reproduce measurements of H/ (PQ )’12 where
a Teflon sphere and a metallic 8phere were used. The dotted lines
are values of H. / (PQ )112which were obtained by a Teflon bead, a ferrite
disk, and a metallic needle. F’ is the power loss and Q is the Q factor
of the resonator. The double dotted lines represent the front and rear
plates; the single dotted lines represent the middle of the cavity.

z > 50 cm. The results of H/ (PQ) l/z are drawn as full lines in Fig. 2.

The dotted lines represent the Hz/ (PQ) 112values. As can be seen

from the graph for y = b/2 – 1 cm, the errors of the dotted line

are slightly smaller and the curve itself is smoother than the full

line in the previously mentioned regions. However, the relative

errors are 10 percent at least. In the region where EW/ (PQ) 112 is

large, both methods for determining H/ (PQ) 1/2 and HiJ (PQ) 112

become very inaccurate. Nevertheless, a decrease of the magnetic

field in that region and an increase close to the end of the drift tube

are obvious, as can be seen from the ferrite-disk measurements for

both ~ values.

‘“’ (Stanford, Calif.,’ 1974), to be
121 w w Hansen and R,. F Posi
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