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A String Fixed At Both Ends Has A Linear Mass Density Of 1.50 G/m And Is Under A Tension Of 20.0
N. If you are exploring the fascinating physics of vibrating strings, understanding the fundamental
principles governing wave propagation is essential. Whether you're studying musical instrument
acoustics, designing engineering systems, or simply interested in the physics of waves, analyzing a
string with specified properties provides valuable insights. In this comprehensive guide, we will delve
into the physics of a string fixed at both ends, focusing on how its linear mass density and tension

influence wave behavior, frequencies, and the resulting sound or vibrations produced.

Understanding the Basics of Wave Propagation in Strings

The Nature of Standing Waves on a Fixed String

When a string is fixed at both ends, it can support standing waves. These are stable wave patterns
resulting from the superposition of incident and reflected waves. Key points include:

1. Nodes occur at the fixed endpoints where displacement is zero.

2. Antinodes are points of maximum amplitude between the nodes.

3. The allowed wavelengths are determined by the length of the string and the mode of vibration.



Fundamental Parameters Affecting Wave Speed

The speed at which waves travel along a string is crucial in determining the pitch and harmonic

content. It depends on two primary factors:

¢ Linear Mass Density (\(\mu\)): The mass of the string per unit length, influencing inertia.

e Tension (T): The force pulling the string tight, affecting the restoring force.

The wave speed \(V\) in a string is given by:
\[

v = \sqrt{\frac{T}{\mu}}

\

Calculating the Wave Speed

Given Data and Conversion

The problem states:
- Linear mass density: \(\mu = 1.50\, \text{G/m}\)
- Tension: \(T = 20.0\, \text{N}\)

Since \(\mu\) is given in grams per meter, convert it to kilograms per meter for S| consistency:
\[

1\, \text{G} = 1 \times 107{-3}\, \text{kg}

\]



\[
\boxed{
\mu = 1.50\, \text{G/m} = 1.50 \times 10M{-3}\, \text{kg/m}

}
\

Calculating Wave Speed

Applying the wave speed formula:

\[

v = \sgri{\frac{TH\mu}} = \sqrt{\frac{20.0\, \text{N}}{1.50 \times 10*{-3}\, \text{kg/m}}}
\

Calculations:

1. Divide \(T\) by \(\mu\):

\[

\frac{20.0}{1.50 \times 107{-3}} = \frac{20.0}{0.0015} \approx 13333.33
\]

2. Take the square root:

\[

v \approx \sqrt{13333.33} \approx 115.47\, \text{m/s}

\

Result:

\[

\boxed{

\text{Wave speed } v \approx 115.5\, \text{m/s}

}
\



Harmonics and Frequencies in a Fixed String

Fundamental Frequency (First Harmonic)

The fundamental frequency corresponds to the lowest mode of vibration where the string vibrates with

a single antinode in the middle:

\[

f 1 = \frac{v}{2L}
\

where:

- \(L\) is the length of the string.

Note: To find specific numerical frequencies, the length \(L\) of the string must be known.

Higher Harmonics and Overtones

Standing waves on the string can occur at integer multiples of the fundamental frequency:

\[

f n=n\times f_1,\quad n =1, 2, 3, \ldots
\

where:

- \(n\) is the mode number (harmonic number).

The wavelengths for these modes are:
\[

\lambda_n = \frac{2L}n}

\



Effect of String Properties on Sound and Vibration

Influence of Tension

Increasing tension results in:
- Higher wave speed (\(V\))
- Higher frequencies for the same mode

- Louder sound if excited at the same amplitude

Conversely, reducing tension lowers the pitch and wave speed.

Influence of Linear Mass Density

A denser string (higher \(\mu\)):
- Slows down wave propagation
- Produces lower frequencies

- Alters the harmonic content, affecting the tone quality

Practical Applications and Examples

Musical Instruments

Guitar strings, violin strings, and piano wires rely on precise tension and mass density to produce
desired pitches. Understanding the relationships helps instrument makers tune their instruments

accurately.



Engineering and Structural Design

Designing bridges, cables, and other structures involves analyzing wave propagation to prevent

resonant vibrations that could cause failure.

Wave Propagation in Communication Cables

Studying how tension and mass distribution influence signals aids in designing efficient communication

systems.

Further Considerations and Advanced Topics

Damping and Energy Loss

Real strings exhibit damping due to air resistance and internal friction, which affects sustain and

amplitude of vibrations.

Non-Uniform Strings

Variations in mass density or tension along the length introduce complex wave behavior, including

dispersion and mode coupling.

Standing Wave Patterns and Node-Antinode Configurations

Analyzing higher modes involves understanding the boundary conditions and their impact on vibration

patterns.



Summary and Key Takeaways

e The wave speed in a string depends on tension and linear mass density, given by \(v =

\sqrt{TAmu}\).

* Converting units accurately is vital for correct calculations, especially when parameters are given

in grams or other units.

¢ Understanding harmonics allows for the prediction of the frequencies and wave patterns that can

form on the string.

» Adjusting tension and mass density directly influences the pitch and tone produced by stringed

instruments.

¢ Practical applications extend beyond musical instruments to engineering, communications, and

structural design.

Conclusion

Analyzing a string fixed at both ends with a known linear mass density and tension provides
fundamental insights into wave mechanics, vibrations, and acoustics. By mastering the relationships
between tension, mass density, wave speed, and harmonic frequencies, engineers, musicians, and
physicists can better understand and manipulate wave phenomena in various contexts. Whether tuning
a guitar, designing a bridge, or studying wave propagation, these principles form the backbone of

many technological and artistic pursuits.



Frequently Asked Questions

What is the wave speed on a string fixed at both ends with a linear
mass density of 1.50 g/m and tension of 20.0 N?

The wave speed v can be calculated using v = sqgrt(T/u). First, convert p to kg/m: 1.50 g/m = 0.00150
kg/m. Then, v = sqrt(20.0 N / 0.00150 kg/m) D sqrt(13333.33) D 115.47 m/s.

How do you calculate the fundamental frequency of a string with given
tension and linear mass density?

The fundamental frequency f[l is given by f[l = v/ (2L), where v is the wave speed and L is the length

of the string. With v [l 115.47 m/s, you need the length L to determine the frequency.

If the length of the string is 2 meters, what is its fundamental
frequency?

Using v D 115.47 m/s and L = 2 m, the fundamental frequency f[l =11547/(22)=115.47 /4 [l
28.87 Hz.

How does increasing tension affect the wave speed on the string?
Increasing tension increases the wave speed because v = sqrt(T/u). As T increases, v increases
proportionally to the square root of T.

What happens to the frequency of the wave if the tension is doubled?

If tension T doubles, the wave speed v increases by a factor of sqrt(2), and the fundamental frequency

f[l also increases by a factor of sqrt(2).



How is the linear mass density related to the pitch of the sound
produced by the string?

A lower linear mass density (u) results in a higher wave speed and thus a higher pitch (frequency),

while a higher p results in a lower pitch.

If the linear mass density was increased to 3.00 g/m, what would be
the new wave speed?

Convert p to kg/m: 3.00 g/m = 0.00300 kg/m. Then, v = sqrt(20.0 / 0.00300) [l sqrt(6666.67) D 81.65

m/s.

What is the significance of fixing the string at both ends in wave
propagation?

Fixing the string at both ends creates boundary conditions that produce standing waves with discrete

resonant frequencies, fundamental to musical instruments and wave studies.

How can the tension in the string be adjusted to change its pitch?

Increasing tension raises the wave speed and frequency, resulting in a higher pitch. Conversely,

decreasing tension lowers the pitch.

Additional Resources

A String Fixed At Both Ends Has A Linear Mass Density Of 1.50 G/m And Is Under A Tension Of 20.0
N. If

Exploring the Physics of Vibrating Strings: An In-Depth Analysis of a Fixed-End String with Given



Properties

Understanding the behavior of vibrating strings has long been a cornerstone of classical physics,
underpinning everything from musical instrument design to advanced engineering applications. When a
string is fixed at both ends and subjected to tension, its vibrational characteristics can be described
with remarkable precision, provided certain physical parameters are known. This article examines a
specific case: a string fixed at both ends, with a linear mass density of 1.50 grams per meter (g/m) and
tension of 20.0 newtons (N). Through a detailed investigation, we aim to elucidate the fundamental
physics governing such a system, explore its potential vibrational modes, and discuss broader

implications.

Fundamental Concepts in String Vibrations

Before diving into the specifics of this particular string, it is essential to review foundational principles

that govern the physics of vibrating strings:

The Wave Equation for Strings

A string fixed at both ends supports standing waves characterized by specific frequencies. The wave

equation relates the tension, mass distribution, and wave velocity:

\[ v = \sqrt{\Mfrac{T}{\mu}} \]

where:

-\( v\) is the wave velocity (m/s),

-\( T\) is the tension in the string (N),

- \( \mu \) is the linear mass density (kg/m).



Harmonics and Frequencies

The string's vibrational modes (harmonics) produce discrete frequencies:

\[ f_n =\frac{n V{2 L} \]

where:

-\( n\) is the mode number (integer: 1, 2, 3, ...),

-\( L) is the length of the string (m).

Knowing \( v \), \( L \), and \( n\), one can determine the frequencies of various modes.

Linear Mass Density and Its Significance

Linear mass density (\( \mu \)) influences the wave velocity and, consequently, the frequencies. It is

often given in grams per meter (g/m), requiring conversion to Sl units (kg/m):

\[ \mu = 1.50\, \text{g/m} = 1.50 \times 107{-3}\, \text{kg/m} \]

Detailed Analysis of the Given String

Physical Parameters and Calculations

Given:

- \(\mu = 1.50\, \text{g/m} = 1.50 \times 107{-3}\, \text{kg/m} \),
-\( T = 20.0\, text{N} \).



Wave Velocity

Applying the wave velocity formula:

\[ v = \sqrt{\frac{T}{\mu}} = \sgrt{\frac{20.0}{1.50 \times 107{-3}}} \]

Calculating numerator and denominator:

\[ v = \sqrt{\frac{20.0}{0.0015}} = \sqrt{13333.3} \]

\[ v \approx 115.4\, \text{m/s} \]

This velocity indicates how fast disturbances travel along the string, a critical factor in determining

vibrational frequencies.

Vibrational Modes and Frequencies

Without a specified length, \( L \), we can analyze the general behavior of the string's modes. For a

string fixed at both ends:

\[ f_n =\frac{n V{2 L} \]

where\(n=1,2, 3, ...\).

Suppose the length \( L \) is known (say, 1 meter), then the fundamental frequency (\( n=1\)) would

be:

\[ f_1 = \frac{1 \times 115.4}2 \times 1} = 57.7\, \text{Hz} \]



Higher modes:
-\(n=2\): \( 115.4\, \text{Hz} \),
-\(n=3\): \( 173.1\, \text{Hz} \),

- and so forth.

If the length differs, frequencies scale inversely with \( L \).

Broader Implications and Applications

Musical Instruments and Tension Control

The precise control of tension and mass density in strings is fundamental in designing musical

instruments such as guitars, violins, and pianos. Adjusting tension alters the fundamental frequency

and harmonics, directly affecting sound quality.

Engineering and Structural Applications

In engineering, understanding string vibrations is crucial for:

- Suspended cables in bridges or towers,

- Antennas and transmission lines,

- Vibration mitigation in mechanical systems.

Knowledge of wave velocity and harmonic behavior informs stability and durability assessments.

Material Science Considerations

The choice of material influences the linear mass density and tension capacity. For example:



- Steel strings tend to have higher \( \mu \) but withstand higher tension,

- Synthetic fibers may have lower \( \mu \) but different damping properties.

Designing optimal strings balances these factors for desired vibrational characteristics.

Advanced Topics and Variations

Effect of Damping and External Forces

Real-world strings experience damping due to air resistance, internal material friction, and other

factors. These effects lead to amplitude decay over time and impact the quality of sustained vibrations.

Non-Uniform Mass Distribution

The analysis assumes uniform \( \mu \). Variations along the length lead to complex vibrational modes,

affecting frequency purity and mode shapes.

Influence of String Tension Variations

Changes in tension alter the wave velocity and frequencies. Dynamic tension adjustments enable

tuning in musical contexts but require careful control to prevent material fatigue.

Experimental Considerations and Future Research

Measuring Tension and Mass Density

Accurate measurement of tension can be achieved via:



- Load cells,

- Resonance frequency analysis.

Similarly, linear mass density can be determined by weighing a known length.

Exploring Nonlinear Vibrations

At higher amplitudes, strings exhibit nonlinear behavior, leading to phenomena such as:

- Mode coupling,

- Frequency shifts,

- Chaotic vibrations.

Studying these effects enhances our understanding of complex oscillatory systems.

Material Innovations

Emerging materials with tailored properties (e.g., carbon nanotubes, advanced polymers) open

avenues for creating strings with customized vibrational characteristics, impacting both scientific

research and practical applications.

Conclusion

The investigation of a string fixed at both ends with a given linear mass density and tension reveals
fundamental insights into wave physics and vibrational behavior. By calculating wave velocity and
understanding how it influences vibrational modes, engineers and physicists can design systems
ranging from musical instruments to structural supports with optimized performance. Continued
research into material properties, damping effects, and nonlinear dynamics promises to expand our

mastery over such systems, leading to innovations across multiple scientific and technological



domains.
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Note: This comprehensive review synthesizes core principles with specific calculations to present a
thorough understanding of the physics governing a fixed-end string with specified properties. It aims to

serve as a foundational resource for further exploration and application.
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