laws of sphere resonance

"All masses can be resonated by the "compound mechanical devices" which I use for that purpose, which fulfill
one general condition the fundamental laws of sphere resonance. It would seem that the infinite variations of
mass chords necessitate an infinite number of different musical scales but this is not the case.

"All hollow spheres of certain diameters are resonant to the enharmonic and diatonic thirds of any and all
concordant sounds. Nature gives this effect from her perfect form, the sphere, but not from resonation tubes.
The shortest way to pure resonation between any number of resonating mediums is through use of the sphere."

Return to Snell Manuscript - the book

@ 1. Helmholtz-like Resonance in a Spherical Cavity

A sealed sphere can act like a Helmholtz resonator, where the internal air volume and the sphere’s

geometry determine the fundamental resonance frequency.

The key equation is:

Where:
e f =fundamental resonance frequency
e ¢ = speed of sound (~343 m/s in air)
e « = geometric constant (depends on shape; more complex for a sphere)

e V =internal volume of the sphere
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& 2. Spherical Harmonics and Mode Shapes

In a rigid spherical cavity, sound resonance follows solutions to the wave equation in spherical

coordinates. These solutions include spherical harmonics:

Unim (7'7 0, ¢)
Where:
¢ 1 =radial mode number
e [, m = angular mode numbers (related to latitude and longitude variations)

e Each mode has a specific frequency and spatial pressure pattern

This gives rise to:
¢ Monopole mode (uniform pressure oscillation)

¢ Dipole, quadrupole, etc. (more complex internal patterns)
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3. Boundary Condition Law

At the rigid wall of the sphere, the normal particle velocity must be zero:

Ezoat’r=R

This defines the allowed standing wave patterns and their frequencies inside the sphere.
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See Also

© 4. Resonant Frequency Scaling
For spheres:
¢ The lowest resonant frequency increases as the radius decreases

It decreases if the medium inside is denser or more compressible (e.g., helium vs. air)
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~ 5. Wavelength Matching Rule

The most efficient resonance occurs when the sphere’s diameter is close to a half or quarter of the
wavelength:
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This aligns with natural resonant modes and yields high acoustic amplification.
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