% TJ Flutes

A flute made of a copper alloy (such as brass or bronze) can be highly resonant and produce
a beautiful tone due to several scientific and physical factors. Here’s some properties of the

TJ copper alloy flute made with 85% copper tubing compared to silver.

Acoustic Properties of Copper Alloys

1. Density and Stiffness: Copper alloys like brass (typically composed of copper and
zinc) and bronze (typically copper and tin) have a specific density and stiffness that
influence sound propagation. These materials have a higher density compared to
silver, which affects the way vibrations travel through the metal. This higher density
can contribute to a warmer, richer tone.

2. Acoustic Impedance: The acoustic impedance of a material is the resistance it
provides to the transmission of sound waves. Copper alloys have an acoustic
impedance that differs from that of silver, leading to different sound reflections and
transmission within the flute body. This difference in impedance can enhance certain
harmonics and give the instrument a more resonant quality.

3. Internal Damping: The internal damping of a material refers to its ability to absorb
and dissipate vibrational energy. Copper alloys generally have lower internal damping
compared to silver, meaning they can sustain vibrations for longer periods. This
results in a more resonant sound with prolonged sustain.

Physical and Mechanical Properties

1. Malleability and Workability: Copper alloys are highly malleable and can be worked
into very precise and thin-walled tubes, which is essential for the manufacture of
these TJ C and alto flutes. The precise shaping and uniform thickness of the flute's
tubing are crucial for consistent sound production and resonance.

2. Surface Finish: The smoothness of the internal surface of the flute impacts the
airflow and the reflection of sound waves. Copper alloys can be polished to a very
smooth finish, reducing turbulence within the instrument and contributing to a
clearer, more resonant sound.



Interaction with the Player

1. Thermal Conductivity: Copper alloys have high thermal conductivity, meaning they
can quickly reach thermal equilibrium with the player's breath. This can result in a
more stable pitch and consistent sound quality during performance.

2. Aesthetic and Psychological Factors: The visual and tactile appeal of a well-crafted
copper alloy flute can also contribute to the perception of its sound. Musicians may
play more expressively on an instrument they find aesthetically pleasing, which can
influence the overall sound production.

Scientific Comparison with Silver

e Density: Silver has a density of 10.49 g/cm3 - as an example one cubic centimetre
(g/cm?3) of a silver cube with each side measuring one centimetre weighs 10.49
grams, while copper alloys like brass have a density around 8.4-8.7 g/cm?3. For
comparison water has a density of 1 gm/ cm® which means that silver is much heavier
than water and copper alloy for the same volume. In everyday terms, silver is quite
dense and heavy compared to many common materials. The difference in density
affects the vibration characteristics and the resultant sound wave propagation.

e Speed of Sound in Material: The speed of sound in silver is around 2600 m/s,
whereas in copper alloys, it’s around 3500 m/s. This higher speed of sound in copper
alloys contributes to quicker and more efficient transmission of vibrational energy,
enhancing resonance. To explain this, imagine you tap one end of a silver rod and a
copper alloy rod at the same time. The sound wave from the tap will travel though
the copper alloy rod faster than through the silver rod. The difference in speed is
because copper alloys tend to be more rigid (stiffer) than silver, which allows sound
waves to move through them more quickly. In short, sound travels faster in copper
alloys than in silver because the material structure of copper alloys allows for a
quicker transmission of sound waves.

e Young's Modulus: The Young's modulus (a measure of stiffness) of silver is about 83
GPa (gigapascals — unit of pressure), while that of copper alloy is about 100-125 GPa.
A higher Young's modulus in copper alloys means they are stiffer, which can enhance
the transmission of high-frequency harmonics, contributing to a brighter sound. Put
it more simply, if you had two same sized rods of silver and copper alloy and applied
the same force, the silver rod would bend of stretch more than the copper alloy rod.
The higher the Young’s modulus number, the stiffer the material. So copper alloy is
generally stiffer and more resistant to bending than silver.



Conclusion

The superior resonance and beautiful tone of a flute made of an 85% copper alloy compared
to one made of silver can be attributed to the unique acoustic properties of copper alloys,
including their density, acoustic impedance, internal damping, and thermal conductivity.
These materials provide a combination of warmth, richness, and sustain that can be more
pronounced than in silver flutes. The precise workability and smooth finish achievable with
copper alloys further enhance the instrument's performance, making it an excellent choice
for flute players seeking a resonant and expressive sound in their step-up or back-up
instrument.

As is always the case when looking and testing different flute materials, the choice of the

specific flute player is one that they should make based on their own personal preferences.
There is no right or wrong choice!
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