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Characteristics and Characterizing 1 d-o-f 
Vibrating Systems

M&AE 2030: Dynamics Laboratory

• Example Systems

• Modeling; Measurements using Displacement Sensors

• Governing Equation and Solutions

• Transient Solution: Features and Application to Inverse 
Problem

• Steady-state Solution: Frequency Characteristics

• Resonance Curve: Analysis and Application to Inverse 
Problem
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Loudspeakers, 
Headphones, 
Microphones…

Approximate One d-o-f Vibrating Systems:
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Front Suspension:

Approximate One d-o-f Vibrating Systems:

Rear Suspension:
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Pendulum-based 
Clocks

Approximate One d-o-f Vibrating Systems:

Floating 
Buoys:
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System and Modeling:
M&AE 2030: One Degree-of-Freedom Oscillator:

LVDT
Displacement Sensors

Modeling:

Experimental 
System:
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Displacement Sensing

• LVDT (Linear Variable Differential 
Transformer):
– Inductance-based ctromechanical sensor
– “Infinite” resolution 

• limited by external electronics
– Limited frequency bandwidth (250 Hz 

typical for DC-LVDT, 500 Hz for AC-LVDT)
– No contact between the moving core and 

coil structure 
• no friction, no wear, very long operating 

lifetime
– Accuracy limited mostly by linearity

• 0.1%-1% typical
– Models with strokes from mm’s to 1 m 

available

Photo courtesy of MSI
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• Attached to Object being sensed
• Measures linear position (displacement)
• Dynamic Range: 10-6 in +/-20 in
• Infinite Resolution
• Signal Out: Several Volts-rms

Linear Variable Differential Transformer - LVDT
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Governing Equation: 1 d-o-f Vibrating System
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Solution: 1 d-o-f Vibrating System:
Equation of Motion:

Free-vibration case:
Forced 

Vibration case:

Transient Solution

Particular Solution

General Solution:

Overdamped motion; Non-periodic

Critically-damped motion; Non-periodic

Under-damped motion; Periodic; Decay
. . . All approach 
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Transient Solution Features: 1 d-o-f System

Damped Frequency:

Natural Frequency:

Damping Ratio:

Under-damped Motion

Solution:
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Transient Solution Features: 1 d-o-f System

Damped Frequency:

Natural Frequency:Damping Ratio:
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Solution to the Inverse Problem:
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Steady-state Solution:1d-o-f Vibrating System:
Equation of Motion:

Forced 
Vibration case:

Particular (steady-state) Solution

: Output Amplitude of response

: Phase response

: Excitation frequency

will be of form …
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Steady-state Solution: Frequency Characteristics

Frequency Response Curves: Magnitude and Phase
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Analysis of the Resonance Curve:

Solving the Inverse Problem:
1.Find resonance frequency, ωn
2.Use a Δm, find ωn’. Determine m.
3.Use m and ωn to determine k.
4.Measure Q  to find c (=mωn/Q).
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