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Fig. 2: An example in which the transducer is driven
with electrically opened state via vacuum layers.
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Fig. 3: Arrows indicating the way of current flow
when the transducer is driven electrically under the
condition of (a) elastic stiffness given by cD (ZE → ∞)
and (b) elastic stiffness given by cE (ZE → 0).

stiffness of cD, with the way of current flow shown
in Fig. 3(a), while observing the admittance from the
E-source gives the elastic stiffness cE, as in Fig. 3(b).

For the purpose of removing the physical and practi-
cal inconveniences mentioned above, revised circuit
models shown in Figs. 4(a) and 4(b) are proposed
as replacements for Figs. 1(a) and 1(b), respectively.
The function of source is considered in two steps: The
energy from the first source in the E-part is transferred
into the secondary source in the M-part in Fig. 4(a),
and inversely in Fig. 4(b). In Fig. 4(a), the voltage at
C0 in the E-part, V1, is transferred to the secondary
voltage source in the M-part with “internal capaci-
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Fig. 4: Revised equivalent circuit for (a) transduction
from electrical to mechanical energy and (b) trans-
duction from mechanical to electrical energy.

tance” C̃0 as

C̃0 = C0/(1− β), β = 1/(1 + jωC0ZE). (2)

In Fig. 4(b), the current in the M-part, I1, is trans-
ferred to the secondary current source in the E-part
with internal capacitance C0. This secondary current
source provides the E-load with current I2 = βI1.
Both in Fig. 4(a) and 4(b), due to the existence of

C̃0, the inverse of equivalent capacitance around the
M-part circuit, 1/Cmech, is given by

1

Cmech
=

1− β

C0
− α

C0
+

1

C
, (3)

Then, the characteristics of the revised circuit be-
come the same as those of the conventional Mason’s
one, as listed in (i)‒(iv) in the previous section, when
observed from the M-source. Moreover, when the
transducer is driven from the E-source in the electri-
cally opened state (as in Fig. 2), the elastic stiffness is
correctly regarded as cD, not cE, in the revised circuit
model, which outperforms the structure and charac-
teristics of the conventional Mason’s circuit.
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