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MICROWAVE BRIDGE WITH FERRITE SAMPLE
FRANEK, 1."), KABOS, P.!), Bratislava

A microwave bridge system with transmission line model of the longitudinally
magnetized ferrite slab is pressented and analysed. The analysis of the microwave
bridge with regard to the ferrite parameters (AH, M,, ¢) represents an inverse
problem. The results should prove useful in the prediction of the system behaviour for
different magnetic fields or frequencies.

1. INTRODUCTION

Transmission line model of a semiconductor slab has been presented in {1, 2].
The model allowed to analyse experiments with the excitation of helicon waves
in semiconductor plasma. The experimental setup presented in [1, 2] can be used
for the investigation of the properties of ferrite materials too (Fig. 1). In spite
of the identical setup configuration the description of the propagation of helicon
waves in semiconductor plasma and of electromagnetic waves in ferrite is
different. Due to the strong damping of the helicon waves it has been possible
to take into account only the propagation of the ordinary helicon wave, while
the propagation of the extraordinary wave could be neglected. The situation in
the case of ferrites is different. The losses in ferrite are much lower and so it is
necessary to take into account both propagating circulary polarized electromag-
netic waves, which shows in the change of the transmission line model used.

1I. THEORY

We assume that the source (antenna) excites in sample a linearly polarized
plane electromagnetic wave. Let the electric field intensity be oriented along the
x axis and the direction of propagation be along the z axis. Let the electric field
intensity of the wave on the surface of the sample be
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1s and wave impedances are denoted &, k,, Z4, Z. Expressing electro
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The equations (3), (4) allow to introduce input impedance in the form
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form which after some al i i
ol it gebra for the input impedance of the A type wave there

P = iz, 2o kD) + Z,sinh e ) M
Nom_:rck;b.*leOOer.\Q\v &)

and analogically for the second input impedance (B wave)

N:m = lg.Na E@ 6
Zysinh (jkyl) + Z,cosh (jk ) ©
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The equations (5) and (6) are identical with the equations for the input im-
pedance of a transmission line of length /, loaded with the impedance Z,,. the
impedance of the medium behind the ferrite slab. Following further the stan-
dard procedure the electric field intensity at the end of the slab for the 4 wave

can be expressed in the form
1Z4
N:\“

£20= 61| cosh () — 224 simn Gk | )

and in a simmilar way for a B type wave in the form

Erp=6p Tomr (kgD + WN.M sinh c»mcH_ (8)
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The vectors E, ,, E,; represent the resulting intensity of the electromagnetic wave
at the beginning of the sample. Therefore there holds :
I 1
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From (9) it follows that
Ei = Ep. (10)

The resulting intensity of the electromagnetic wave at the end of the sample can
be obtained by a superposition of the waves of both types. Therefore, the field
gained by the measuring antenna at he end of the sample will be

Eyy+ By
J(Esy — Eyp)

. (11)
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We further expect that the receiving antenna is sensitive to the linearly polarized
electromagnetic field, and that the angle between the antenna and the x axis is
8. The field at the antenna can be therefore expressed as

E,y = (Eyq + Eyp)cos 8+ j(E;, — Eyp)sind. (12)

This signal represents the expected ficld in one arm of the analysed microwave
bridge schematically shown in Fig. 1. The resulting intensity at the detector will

be
.m.n = ms:. - mNu, A—wv
where E,, is the electric field intensity at the detector from the reference arm of

the bridge.
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1. EXPERIMENT
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Fig. 1. Microwave bridge. § — source, F] .

IV. ANALYSIS OF THE BRIDGE

ircui i i in Fig. 4. To fulfil the condition
i t circuit of the bridge is shown in . tion
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Fig. 4. Equivalent circuit.
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detector has been represented by a voltmeter. The impedances Ry, Zy, Z,

i 3
Fig. 4 are field independent, and the expressions for k,, kg, Z,, Zp are [3]
| v (14)
= &+ 1)
Fig. 2. a) Detail of the antenna. A — antenna, WG — waweguide, b) Position of the Sample. k, = ko V(& + w0
Sa — Ferrit Sample, H — Holder. e . et
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» is recorded. The standard measuring - 4 k,

procedure starts with balancing the bridge, at a certain value of the external field — ) o (17)
By, by a proper choice of the attenuation and the phase shift in the reference Z, = Ell

arm, and proceeds with the changing of the external magnetic field with a

simultaneous recording of the detector voltage
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meability tensor 3.4y = w/e, wis the circular frequency of the signal used. The
use of the equations (5) through (13) allows (for given material parameters) the

between the calculated and the measured voltage in all measured points (i.e. for
both balancing fields By and By,). The calculated results obtained by the
mentioned fitting procedure are shown in Fig. 3a, b by full lines.

V. CONCLUSION

microwave bridge with the ferrite sample, allows the computer analysis of the
experiment. In spite of the bad formulating, it is usefy] in the prediction of the
System behaviour investigated as a function of the magnetic field, frequency,
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