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Matrix modeling of longitudinal vibration in a thin rod
----Transmission line theory
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Basic equations: equations of elasticity and motion
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Matrix modeling of longitudinal vibration in a thin rod
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Matrix modeling of longitudinal vibration in a thin rod
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Matrix modeling of longitudinal vibration in a thin rod
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Procedure of analysis
HIREK# (L ? Resonance frequency?

RIS #IE?  Vibration distribution?
Z{MEEIE? Equivalent circuit?
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1. 4DDERIZH T ENFNDKITHIZE/ES, Divide into four parts.

. ADDITHIDFEDITHNZETHE I S, Calculate the product

. MiABEHMAmTH=0) DEHENMHIREREEFKROH S, Fine freq.

ATRIEANWT, Ik# S mEHT .  Calculate the vibration distributions
(BREZDETOAHEERIRE)

5. ADOEREENHMS, Fine the transformation ratio.
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MERRIT A L AEEHT Analysis based on K-matrix
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Matrix for whole system is composed of each
matrix for each unit.
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Transformation factor for stepped horn
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L, L Stepped horn consists of two Y2-wavelength rods
> 2 with different cross sections and the same material.
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B A OKITH] K-matrix for a mass
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Fl @ F2 Mass never deforms, the velocity is same at the both ends
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Acceleration is proportional to the differential of the force.
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v V=V



(X4 D KT K-matrix for a spring

BENDEL X4, Spring without mass
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W _u’ Force proportional to the differential of the displacement
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B aElEXtadE#E Connection of a mass and a spring
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Spring fixed at one end, free mass --- Harmonic oscillator




BamhinshZd 5#E(1/2) Rod with a mass at the end
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Assuming that the rod is shorter than half wavelength by a small quantity of A4l,
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BamhHiInshZdH 5#E(2/2) Rod with a mass at the end
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The rod should be shortened by the length equivalent to the mass
attached to the end.




RLEYIRENDHMERTITH K-matrix for torsional vibrations
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Force F and velocity v in longitudinal vibration are to be replaced by
torque T and angular velocity 2.

==L, B#kEIE—F D RZIE.
Here, wave number k and acoustic impedance Z are
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Transformation ratio of a stepped horn for torsional vibrations
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