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Middle ear as impedance Transformer
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The footplate of stapes acts like a small
piston on the cochlear fluid through a
membraneous connection that seals the
oval window of the cochlea. The
buckling motion of the tympanic
membrane decreases the velocity two-
fold and increases the force two-fold,
changing the impedance ratio four-fold.
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FIGURE 2.9 The efficiency of the cat's middle ear, showing
the fraction of sound power entering the middle ear that is
delivered to the cochlea (after Rosowski, 1991, with permission

from the American Institute of Physics).
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FIGURE 2.11 Vibration amplitude of the round window (circles
and solid lines) and the incus (triangles and dashed lines) of the ear
of a cat, for constant sound pressure at the tympanic membrane. The
vibration amplitude was measured using a capacitive probe (from
Meoller, 1983; based on Moller, 1963, with permission from the
American Institute of Physics).
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Immittance Relationships
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Electrical versus Mechanical systems

O Electrical circuits and mechanical systems are analogous in many ways. Thus in an electrical circuit,
electrical current corresponds to vibration Velocity and electrical Voltage corresponds to mechanical

force. The mechanical impedance, Z, is therefore the ratio between force, F, and Velocity, V.

O Mechanical friction corresponds to an electrical resistance, mass (or inertia) corresponds to

inductance and a spring (elasticity) to capacitance.

O In an acoustic system, volume Velocity corresponds to electrical current, sound pressure
corresponds to Voltage and friction corresponds to electrical resistance. The acoustic impedance is

thus the ratio between sound pressure and volume Velocity.
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Relative acoustic impedance (dB)
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FIGURE 2.18 Comparison of the acoustic impedance at the tym-
panic membrane with the inverse velocity of the malleus for con-
stant sound pressure at the tympanic membrane in a cat. The
impedance is given in decibels relative to 100 cgs units and the
inverse vibration wvelocity is given in arbitrary decibel values.
Circles = accoustic impedance at the tympanic membrane;
triangles = sound pressure at the tympanic membrane divided
by the veloicty of the malleus (reprinted from Maoller, 1963, with
permission from the American Institute of Physics).
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Relative acoustic impedance
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