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Abstract

By applying a voltage to the piezoelectric material, the resonance phenomenon of the piezoelectric set between the
electrodes had been utilized. In addition, in the use of capacitors as electrical circuits, accidents caused by abnormal
currents from the resonance phenomena between electrodes occurred. For these resonance phenomena, the impedance
between the electrodes was calculated by using a wave equivalent circuit. It was found that resonance phenomena occur
in both elastic and electromagnetic waves, and resonance phenomena occur in response to the mode of COS distribution
between electrodes. For the purpose of using as a magnetic field generator for MRI (Magnetic Resonator Imaging) of
medical observation equipment, on the condition of in a moment and at a point, the strength of the magnetic field from
resonance phenomena was compared with the strength of the magnetic field required for MRI. It was found that the
magnetic field strength required for MRI was satisfied by the size of the electrode and the frequency
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1. Introduction

By installing electrodes at both ends of the piezoelectric material
and applying voltage, the acoustic wave device (BAW device) was
designed and manufactured as an efficient wave device for the
oscillator by obtaining low resistance by utilizing the resonance
characteristics between the electrodes. In addition, the electrodes
were arranged in the direction of wave travel and the polarity of
the electrodes was alternately applied to +, — to generate high-
frequency elastic waves, which were used in the development
and manufacturing of device technologies such as resonators and
filters at high frequencies [1].

In addition, electrode configurations similar to elastic waves have
been proposed for electromagnetic waves [2]. These structures
are composed using the characteristics between the electrodes. By
using the impedance between the electrodes, the characteristics
between the electrodes are clearly used.

And, it was known that resonance occurs at half wavelength of
alternating voltage. Since resonance is related to frequency, a wave
equivalent circuit was applied between the electrodes. First, the

impedance between the electrodes was calculated by expressing
the wave equivalent circuit. We adapted Mason's equivalent
circuit with clear electrical terminals [3]. Then, the interelectrode
impedance was obtained and the characteristics between the
electrodes were clarified.

We obtained resistance at the resonance point and proposed its
application. We examined whether it can be adapted as a magnetic
field for MRI equipment [4]. What is required for MRI equipment
is a strong static magnetic field. Although it is not yet possible
to achieve a static magnetic field, we examined whether the
interelectrode resonance phenomenon can be used as the strength
of the magnetic field. For a moment, I calculated whether the
intensity in one place was satisfactory to the magnetic field required
by the MRI machine. We compared the strength of the magnetic
field at a moment and at a point rather than a static magnetic field.

2. Resonance phenomena

A schematic diagram of the electrode and the AC power supply
is shown in Fig. 1. When an AC voltage is applied between the
electrodes, a resonance phenomenon occurs.
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Figure 1: Schematic diagram of electrodes and AC power supply

The space between electrodes is represented by a wave equivalent
circuit. When the inner resistance of electric source is zero and the
outputresistance of wave circuit equivalent is zero, input impedance

o]

for the input terminal is calculated. Fig2 shows equivalent circuits
with conditions for calculating Mason’s equivalent circuit.
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Figure 2: Equivalent circuits with conditions for calculation

However, Z, = Zy tanh (y£/2),, Z, = Zy/sinh (y£)

v: propagation constant; o: attenuate constant; 3: phase constant;
Z,: characteristics impedance; £: length between electrodes. Y, is
input admittance except static capacitance; C: static capacitance.

The input impedance is expressed in admittance Y, and is as
follows.

Y, 's equation is expanded into a physically understandable formula
to become the following equation.

Y, = 2Yo{sinh (af) + jsin(mtw/wgy)} / { cosh (af) + cos (tw/wy)}
However,

Y, is admittance characteristics of space in electrodes;
o,: angular frequency at criterion section.

In order to observe the characteristics of the Y, formula, the case
of Q =1000 is graphed in Fig. 3.
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Figure 3: Characteristics of input admittance when Q = 1000
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The vertical axis is the conductance G of Y, /Y | (graph where the
peak vertex is w/w,= 1) and susceptance B of Y, /Y (graph when
w/w, =1, B/Y, = 0 and it waves larger in the center of w/w = 1),
and the horizontal axis is w/w,.

The graph of G is a conductance that rises sharply and is the
highest value at the resonance point. The values of each point of
G/Y, and B/Y  are written in Fig. 3, and each value at extremely
large and small is obtained by taking the differential coefficient at
the from the formula G/Y jand B/Y .

3. Resonant characteristics
In the resonance graph in Fig. 3, w/w, = 1 is the resonance point.

Co
O

The maximum conductance G, at the resonance point is, from the
Y, equation,

Ry = Zytanh (af/2)/2.
And susceptance B/Y = 0.

This resistor formula does not include the electrode area S.
Considering the electrode area, R become

Ry =Zytanh (af/2)/2/S.

So, at resonant point impedance is resistance only. Fig.4 shows the
equivalent circuit at resonant point.
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Figure 4: Equivalent circuit at resonant point

When the resonant current I0O[A] flows between the electrodes, the
magnetic field Hr according to Ampere's law at r[m] far away is

H, = Iy/2mnr [A/m].

4. Calculate magnetic field from resonant resistance

As a premise, calculate how strong the magnetic field is in one
place at a moment, and it does not matter whether the strength of
the magnetic field can be sustained in time or space. Calculate only
the strength of the magnetic field.

Arrange in order, resonant resistance R, resonant current I,
magnetic field H.

when the electrode spacing: £[m], the electrode area: S[m?], and
the attenuation constant: o [Neper/m] between the electrodes.

(1) The resonant resistance is

R,=Z, tanh(a0/2)/(28) [©].

(2) A voltage V, [V] for resonant frequency is applied between the
electrodes. The resonant current is showed as

I, =2V S/ (Z, tanh (al/2)) [A].
(3) The magnetic field H, at a distance of r[m] from the current is
H =1/2nr [A/m].

The model for calculating the magnetic field is S =1[m’], V =
1[V], r = 0.25[m]. (only the magnitude of the magnetic field will
be discussed here.)

In Fig.5, the vertical axis is the strength of the magnetic field
"A/m", and the horizontal axis is the frequency [Hz]. Fig. 5 shows
the strength of the magnetic field required for the MRI machine
(1~5 [T]), the solid blue line, and result of calculation magnetic
field between electrodes, the solid green line. The values of 1~5[T]
is equivalent to 7.96 x 105 ~ 3.98 x 10¢ [A/m].

Adv Mach Lear Art Inte, 2025

Volume 6 | Issue 4 | 3



HMRIA m] ot 85101 etz uim
. : :
L
o
54
MF s
HEIOES 4 0T o
0 o -
//’»r
o
TS e o
F W - g o 2 ity B
,,ﬂff:za ] at r=025[m]. S=Im V= V]
1

i s

iy
ot

i
£
[ =g

frequency

gt
A
L
%

;

.

=

—
e
e
b

~

4
3
¥
'
§
E=

w

Figure 5: Compare the magnetic field necessary for MIR with magnetic field induced from resonant current

From Fig.5, at about 30[GHz], magnetic field calculated from
resonant phenomena calculated reaches to magnetic field necessary
for MRI. The result here is in the case of one point at a moment.

5. Summary

The resonance phenomenon between electrodes was clarified
using a wave equivalent circuit. The resistance at the resonance
point was determined by obtaining the impedance between the
electrodes. The magnetic field was calculated from Ampere's law
using the obtained resistance of the resonance point. Only the
magnetic field required for the MRI machine is satisfied by the
conditions, albeit in one place for a moment.
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