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A String 1.5 M Long With A Mass Of 2.1 G Is Stretched Between Two Fixed Points
With A Tension Of 95 N.Find in this comprehensive article, we will explore the
fascinating physics behind the behavior of vibrating strings, particularly focusing on the
scenario involving a string with the specified parameters. Understanding how tension,
mass, and length influence the wave speed and frequency of a string is essential for
students, educators, and professionals working in fields such as musical instrument design,
engineering, and physics research. This article aims to provide an in-depth analysis,
including calculations, concepts, and real-world applications related to the physics of
stretched strings.

---

Understanding the Basics of String Vibration

What Is a Vibrating String?
A vibrating string is a fundamental concept in physics, especially in the study of waves and
sound. When a string is stretched tightly between two fixed points and plucked or otherwise
disturbed, it vibrates, producing waves that propagate along its length. These vibrations
generate sound waves, which are crucial in musical instruments like guitars, violins, and
pianos.

Key Factors Affecting String Vibration
The behavior of a vibrating string depends on several physical parameters:
- Length (L): The distance between the two fixed points.
- Mass (m): The mass of the string, often expressed as linear mass density.
- Tension (T): The force applied to stretch the string.
- Wave speed (v): The speed at which waves travel along the string.
- Frequency (f): The number of vibrations per second.

Understanding the relationships among these parameters allows us to predict the behavior
of the string under various conditions.

---



Calculating the Linear Mass Density

The linear mass density (μ) is a critical parameter that relates the mass of the string to its
length.

Formula for Linear Mass Density
\[
\mu = \frac{m}{L}
\]

Where:
- \( m \) = mass of the string
- \( L \) = length of the string

Applying the given data
Given:
- \( m = 2.1\, \text{g} = 2.1 \times 10^{-3}\, \text{kg} \)
- \( L = 1.5\, \text{m} \)

Calculating:
\[
\mu = \frac{2.1 \times 10^{-3}\, \text{kg}}{1.5\, \text{m}} = 1.4 \times 10^{-3}\,
\text{kg/m}
\]

This value will be used later to determine wave speed and related properties.

---

Determining the Wave Speed on the String

The Wave Speed Formula
The wave speed \( v \) on a string under tension is given by:
\[
v = \sqrt{\frac{T}{\mu}}
\]

Where:
- \( T \) = tension in the string
- \( \mu \) = linear mass density



Calculating Wave Speed
Given:
- \( T = 95\, \text{N} \)
- \( \mu = 1.4 \times 10^{-3}\, \text{kg/m} \)

Applying:
\[
v = \sqrt{\frac{95}{1.4 \times 10^{-3}}} = \sqrt{67,857.14} \approx 260.5\, \text{m/s}
\]

Thus, the wave travels along the string at approximately 260.5 meters per second under
the given tension.

---

Calculating the Fundamental Frequency of the
String

Understanding Harmonics and Frequency
When a string vibrates, it produces a fundamental frequency (first harmonic) and higher
overtones (harmonics). The fundamental frequency corresponds to the lowest frequency at
which the string vibrates.

Formula for Fundamental Frequency
\[
f_1 = \frac{v}{2L}
\]

Where:
- \( v \) = wave speed
- \( L \) = length of the string

Calculating the Fundamental Frequency
Using the wave speed \( v \approx 260.5\, \text{m/s} \), and length \( L = 1.5\, \text{m} \):

\[
f_1 = \frac{260.5}{2 \times 1.5} = \frac{260.5}{3} \approx 86.8\, \text{Hz}
\]

The fundamental frequency of the string is approximately 86.8 Hz, which is within the lower
range of musical notes, similar to a bass G.



---

Influence of Tension, Mass, and Length on String
Vibration

Effects of Tension
- Increasing tension increases wave speed (\( v \propto \sqrt{T} \)).
- Higher tension results in higher frequencies, producing a higher pitch.

Effects of Mass (Linear Density)
- Increasing mass per unit length decreases wave speed (\( v \propto 1/\sqrt{\mu} \)).
- Thicker or heavier strings vibrate at lower frequencies.

Effects of Length
- Longer strings have lower fundamental frequencies (\( f_1 \propto 1/L \)).
- Shortening a string raises its pitch.

---

Applications and Practical Implications

Musical Instrument Design
Understanding the physics of string vibration helps in designing instruments with desired
pitch ranges. For example:
- String tension adjustments to modify pitch.
- Material selection for string mass density.
- Length modifications for different notes.

Engineering and Structural Applications
- Designing cables and wires with specific vibration characteristics.
- Avoiding resonance in bridges, towers, and other structures.

Scientific and Educational Use
- Demonstrating fundamental wave principles.
- Teaching students about the relationship between physical parameters and wave



behavior.

---

Summary of Key Points
- The linear mass density of the string is 1.4 × 10⁻³ kg/m.
- The wave speed on the string is approximately 260.5 m/s.
- The fundamental frequency of the string is about 86.8 Hz.
- Tension, mass density, and length are crucial in determining the string's vibrational
characteristics.
- Adjusting tension or length can modify the pitch produced by a string, essential in musical
tuning.

---

Conclusion
Analyzing a string with specific parameters—1.5 meters long, 2.1 grams in mass, and
stretched with 95 newtons of tension—provides valuable insights into the physics of wave
propagation and sound production. By calculating key properties such as linear mass
density, wave speed, and fundamental frequency, we gain a clearer understanding of how
physical parameters influence the behavior of vibrating strings. This knowledge is vital
across various fields, from designing musical instruments to engineering resilient
structures. Mastery of these principles enables precise control over sound and vibration,
enhancing technological innovation and scientific understanding.

---

Additional Resources
- Physics textbooks on wave motion and oscillations
- Online calculators for string vibration parameters
- Scientific articles on musical acoustics and structural engineering

---
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- Sound production in strings

Frequently Asked Questions

What is the wave speed on a string that is 1.5 m long,
has a mass of 2.1 g, and is under a tension of 95 N?
The wave speed v can be calculated using v = √(T/μ), where μ is the mass per unit length.
First, convert mass to kg: 2.1 g = 0.0021 kg. Calculate μ = 0.0021 kg / 1.5 m ≈ 0.0014
kg/m. Then, v = √(95 N / 0.0014 kg/m) ≈ √(67,857.14) ≈ 260.5 m/s.

How do you determine the fundamental frequency of
the string given its length and tension?
The fundamental frequency f = v / (2L), where v is the wave speed and L is the length of
the string. Using v ≈ 260.5 m/s and L = 1.5 m, f ≈ 260.5 / (2 × 1.5) ≈ 86.8 Hz.

What is the significance of tension in determining the
wave speed on a string?
Tension directly affects the wave speed; increasing tension increases wave speed, as v =
√(T/μ). Higher tension results in faster wave propagation along the string.

How does the mass per unit length (μ) influence the
wave velocity on the string?
Wave velocity v = √(T/μ). A larger μ (more mass per unit length) decreases v, while a
smaller μ increases v. Therefore, heavier or thicker strings have slower wave speeds.

If the tension on the string is doubled, how does the
wave speed change?
Since v = √(T/μ), doubling the tension T doubles the numerator inside the square root,
resulting in v being multiplied by √2 (approximately 1.414). So, the wave speed increases
by about 41.4%.

How can you find the frequency of the first harmonic for
this string?
The first harmonic frequency is given by f₁ = v / (2L). Using v ≈ 260.5 m/s and L = 1.5 m, f₁
≈ 86.8 Hz.



What practical applications rely on the principles of
wave speed and tension in strings?
Applications include musical instruments (guitar strings, violins), musical tuning, stringed
instrument design, and engineering of communication cables, all of which depend on
controlling tension and properties of strings to produce desired sound or wave
transmission.

Additional Resources
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In the world of physics, understanding the behavior of strings under tension is fundamental
to many applications — from musical instruments to engineering structures. Whether it’s
the vibrating strings of a guitar or the cables supporting bridges, the principles governing
wave propagation and oscillations are crucial. Today, we delve into a classic problem: given
a string of specific length, mass, and tension, how do we determine its wave speed,
frequency, or other related properties? This problem not only illustrates core concepts in
wave mechanics but also demonstrates how fundamental formulas can be applied to real-
world scenarios.

---

Understanding the Problem: The Basic
Parameters

Before engaging in calculations, it’s essential to understand the parameters provided and
what they imply:

- Length of the string (L): 1.5 meters
- Mass of the string (m): 2.1 grams
- Tension in the string (T): 95 Newtons

The question prompts us to find specific characteristics of the string—commonly the wave
speed, frequency of vibration, or related quantities—based on these parameters.

---

Converting Units: From grams to kilograms

Physics calculations require SI units for consistency and accuracy. The mass given is in
grams, but SI units demand kilograms.



- Mass (m): 2.1 grams = 0.0021 kilograms

This conversion is straightforward:

\[ m_{kg} = \frac{m_{g}}{1000} = \frac{2.1}{1000} = 0.0021\,kg \]

---

Calculating the Linear Mass Density (μ)

The linear mass density (μ) is a crucial parameter, representing the mass per unit length of
the string. It is given by:

\[
\mu = \frac{m}{L}
\]

Substituting the known values:

\[
\mu = \frac{0.0021\,kg}{1.5\,m} \approx 0.0014\,kg/m
\]

This tiny value indicates the string is very light relative to its length, which influences the
wave speed significantly.

---

Wave Speed on the String (v)

The wave speed for a string under tension is determined by the fundamental physics
formula:

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

Where:

- \( v \) = wave speed (m/s)
- \( T \) = tension in the string (N)
- \( \mu \) = linear mass density (kg/m)

Plugging in the known values:

\[



v = \sqrt{\frac{95\,N}{0.0014\,kg/m}}
\]

Calculating numerator and denominator:

\[
v = \sqrt{67,857.14}
\]

Taking the square root:

\[
v \approx 260.5\,m/s
\]

This high wave speed indicates that disturbances travel rapidly along the string under the
given tension.

---

Determining the Fundamental Frequency (f)

The frequency at which the string vibrates depends on boundary conditions. Assuming the
string is fixed at both ends and vibrates in its fundamental mode (the simplest standing
wave), the fundamental frequency \(f_1\) is given by:

\[
f_1 = \frac{v}{2L}
\]

Substituting the known values:

\[
f_1 = \frac{260.5\,m/s}{2 \times 1.5\,m} = \frac{260.5}{3} \approx 86.8\,Hz
\]

This means the string’s fundamental note would be approximately 86.8 Hz, which is near
the low end of the human hearing range.

---

Exploring Higher Harmonics and Overtones

In stringed instruments, multiple harmonics or overtones are produced when the string
vibrates at multiples of the fundamental frequency. The frequencies of these overtones are:



\[
f_n = n \times f_1
\]

where \( n \) is an integer (2, 3, 4, ...). For example:

- First overtone (second harmonic): \(f_2 = 2 \times 86.8\,Hz \approx 173.6\,Hz\)
- Third harmonic: \(f_3 \approx 260\,Hz\)

The harmonic series influences the timbre of musical instruments and the richness of
sounds produced.

---

Additional Considerations and Real-World
Implications

Material properties and tension: In practice, the tension can vary slightly, and the material's
elasticity affects wave propagation. For instance, increasing tension raises the wave speed
and thus increases the pitch.

String length and pitch: Shorter strings or higher tension produce higher frequencies, which
is why violin strings are tightened or shortened to alter pitch.

Applications: Understanding these principles is vital in designing musical instruments,
musical tuning, and engineering structures like suspension bridges or cables.

---

Summary of Key Findings

- The linear mass density of the string is approximately 0.0014 kg/m.
- The wave speed on the string is approximately 260.5 m/s.
- The fundamental frequency of vibration in the fundamental mode is around 86.8 Hz.
- Higher harmonics occur at integer multiples of this fundamental frequency, affecting
sound quality and resonance.

---

Conclusion: Physics in Action

This problem exemplifies how fundamental physics principles translate into tangible
properties of everyday objects. From a simple string, applying basic formulas yields insights
into wave behavior, sound production, and material response. Whether tuning a musical



instrument or designing a structural component, understanding how tension, mass, and
length influence wave propagation is essential. The calculations demonstrate the power of
physics to predict and manipulate the behavior of materials, bridging theory and practical
application seamlessly.

By mastering these concepts, scientists and engineers can craft better instruments,
improve communication technologies, and ensure the safety and stability of infrastructure.
The next time you hear a note from a guitar or see a cable supporting a bridge, remember
the intricate physics working silently behind the scenes.
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