A String Is Stretched Between Two
Clamps Held 4.04 M Apart. The String
Is Made To Oscillate At Its Third

Understanding the Basics of String Oscillation

A String Is Stretched Between Two Clamps Held 4.04 M Apart. The String Is
Made To Oscillate At Its Third harmonic, a scenario that offers valuable
insights into wave behavior, harmonic frequencies, and the physics of
oscillating systems. When a string is fixed at both ends and plucked or
disturbed, it vibrates, producing sound waves that depend on several
factors—including tension, length, mass per unit length, and the mode of
oscillation. Understanding these principles is crucial for applications
ranging from musical instrument design to engineering and physics
experiments.

In this article, we will explore the physics of string oscillations, the
significance of harmonic modes, and how to calculate the fundamental
frequency and higher harmonics, with particular focus on the third harmonic.
Whether you're a student preparing for physics exams or an enthusiast
interested in acoustics, this comprehensive guide will deepen your
understanding of string vibrations.

Fundamentals of String Vibration

Wave Propagation on a String

When a string is disturbed, a wave propagates along its length. The wave's
speed depends on the tension and mass per unit length of the string,
described by the equation:

\ [

v = \sqrt{\frac{T}{\mu}}
\1

where:

- \(v\) is the wave speed,
- \(T\) 1is the tension in the string,
- \(\mu\) 1is the mass per unit length.

The vibrations can form standing waves, characterized by nodes (points of no



displacement) and antinodes (points of maximum displacement).

Standing Waves and Harmonics

Standing waves occur when incident and reflected waves interfere, creating
stable patterns. These patterns correspond to specific modes called harmonics
or overtones:

- Fundamental (First harmonic): The simplest mode with one antinode and two
nodes.

- Second harmonic: Two antinodes and three nodes.

- Third harmonic: Three antinodes and four nodes, and so on.

The length of the string determines which harmonic modes are possible for a
given tension and frequency.

The Significance of the Third Harmonic

What Is the Third Harmonic?

The third harmonic corresponds to the string vibrating in such a way that it
completes three half-wavelengths along its length. It is the third mode of
oscillation and has a frequency three times that of the fundamental
frequency.

Mathematically:

\ [

f 3 =3 \times f 1
\1]

where \(f 1\) is the fundamental frequency.

Physical Characteristics of the Third Harmonic

- The string has two nodes at its ends and two internal nodes.

- The pattern includes three antinodes, with maximum amplitude at each.
- The wavelength associated with the third harmonic is:

\ [

\lambda 3 = \frac{2L}{3}

\1

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



Calculating the Harmonic Frequencies

Fundamental Frequency

The fundamental frequency (first harmonic) of a string fixed at both ends 1is
given by:

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

where:

- \(v\) is the wave speed,
- \(L\) is the length of the string.

Third Harmonic Frequency

Since the third harmonic occurs at three times the fundamental frequency:

\ [
f 3 = 3f 1 = \frac{3v}{2L}
\1]

Given that the length \(L = 4.04\, \text{m}\), the frequency depends on the
wave speed \(v\), which in turn depends on tension \(T\) and mass per unit
length \ (\mu\).

Factors Influencing String Oscillations

Tension

Increasing tension raises the wave speed, thus increasing the frequency of
oscillation:

\ [
v = \sqrt{\frac{T}{\mu}}
\1]

- Higher tension results in higher pitch sounds in musical strings.
- Tension can be adjusted by tightening or loosening the clamps.



Mass Per Unit Length (\(\mu\))

A heavier string (larger \(\mu\)) reduces wave speed, leading to lower
frequencies:

\ [
\mu = \frac{m}{L}
\1

where \(m\) is the mass of the string.

String Length

Longer strings oscillate at lower frequencies for a given tension and mass
per unit length.

Practical Applications and Examples

Musical Instruments

Guitar, violin, and harp strings vibrate at specific harmonic modes, creating
the musical notes we hear. The third harmonic contributes to the richness and
timbre of the sound.

Physics Experiments

Studying harmonic modes provides insights into wave behavior, resonance, and
energy transfer—core concepts in physics.

Engineering and Design

Designers utilize understanding of string vibrations to develop sensors,
musical instrument components, and vibration control systems.

Calculations and Example Problems



Given Data

Suppose:

- Length of string, \(L = 4.04\, \text{m}\)
- Tension, \(T = 100\, \text{N}\)

- Mass of string, \(m = 0.02\, \text{kg}\)

Calculate the frequency of the third harmonic.

Step-by-Step Solution

1. Find \(\mu\):

\ [

\mu = \frac{m}{L} = \frac{0.02\, \text{kg}}{4.04\, \text{m}} \approx
0.00495\, \text{kg/m}

\1]

2. Calculate wave speed \(v\):

\ [

v = \sqrt{\frac{T}{\mu}} = \sqrt{\frac{100}{0.00495}} \approx \sqrt{20202}
\approx 142.14\, \text{m/s}

\1]

3. Calculate fundamental frequency \(f 1\):

\ [

f 1 = \frac{v}{2L} = \frac{142.14}{2 \times 4.04} \approx \frac{142.14}{8.08}
\approx 17.58\, \text{Hz}

\1]

4. Calculate third harmonic frequency \(f 3\):

\ [
f 3 =3 \times f 1 \approx 3 \times 17.58 \approx 52.74\, \text{Hz}
\1

This is the frequency at which the string oscillates in its third harmonic
mode under the given conditions.

Summary and Key Takeaways

- The oscillation of a string fixed at both ends produces harmonic
frequencies, with the third harmonic being a higher mode of vibration
occurring at thrice the fundamental frequency.



- The length, tension, and mass per unit length of the string directly
influence the frequencies at which these modes occur.

- Understanding these relationships is essential in designing musical
instruments, conducting physics experiments, and engineering vibration
control systems.

- Practical calculations involve determining wave speed and then deriving
harmonic frequencies based on string length.

Final Thoughts

The study of string oscillations, especially at higher harmonics like the
third, reveals the intricate relationship between physical parameters and
sound production. By controlling tension, length, and mass, it is possible to
manipulate the frequencies and modes of vibration, leading to diverse
applications in music, physics, and engineering. The scenario of a string
stretched 4.04 meters apart and oscillating at its third harmonic serves as
an excellent example of wave physics principles in action, illustrating
fundamental concepts that underpin many technological and artistic fields.

Whether for educational purposes or practical applications, mastering the
principles of string oscillations enhances our understanding of the natural
laws governing waves and vibrations.

Frequently Asked Questions

What does it mean for a string to oscillate at its
third harmonic when stretched between two clamps?

Oscillating at its third harmonic means the string vibrates in three
segments, producing a frequency that is three times the fundamental
frequency.

How is the wavelength of the third harmonic related
to the length of the string?

For the third harmonic, the wavelength is equal to the length of the string
divided by the number of segments, so in this case, wavelength = 2/3 of the
string length.

What is the frequency of the third harmonic if the
fundamental frequency is known?

The frequency of the third harmonic is three times the fundamental frequency,
so if the fundamental is f, the third harmonic is 3f.



How does the tension in the string affect the
frequency of oscillation?

Increasing the tension in the string increases the wave speed, which in turn
raises the frequency of the oscillations for a given harmonic.

What is the significance of the string being 4.04
meters long in calculating the harmonic frequencies?

The length determines the wavelengths of the harmonics; for the third
harmonic, the wavelength is related to the string length, influencing the
frequency calculation.

How can you experimentally determine the tension in
the string based on its oscillation at the third
harmonic?

By measuring the frequency of the third harmonic and knowing the mass per
unit length of the string, you can use wave equations to calculate the
tension.

What are the practical applications of understanding
string oscillations at various harmonics?

Understanding string harmonics is crucial in musical instrument design,
acoustic engineering, and studying wave phenomena in physics.

Additional Resources

A String Is Stretched Between Two Clamps Held 4.04 M Apart. The String Is
Made To Oscillate At Its Third Harmonic.

This intriguing scenario offers a rich canvas for exploring fundamental
principles of wave physics, harmonics, and oscillations. When a string is
fixed at both ends and made to oscillate, it exhibits a range of vibrational
modes, each characterized by unique frequencies, wavelengths, and node-
antinode patterns. Understanding how a string behaves at its third harmonic
not only deepens appreciation for classical wave phenomena but also provides
insights applicable to musical instruments, engineering, and physics
education.

Understanding the Basics: Waves on a String

Before delving into the specifics of the third harmonic, it'’s essential to
establish a foundational understanding of waves on a string.



Wave Propagation and Boundary Conditions

A string fixed at both ends can support standing waves—patterns of vibration
that do not propagate along the string but rather stay fixed in space. These
standing waves arise from the superposition of incident and reflected waves

traveling along the string.

The boundary conditions — nodes at the clamps — dictate that the displacement
at both ends remains zero. As a result, only certain discrete wavelengths
(and thus frequencies) are permitted, corresponding to the string's
harmonics.

Harmonics and Modes

The fundamental mode (first harmonic) has one antinode at the center and
nodes at the ends. Higher modes (harmonics) have additional nodes and
antinodes:

- First Harmonic (Fundamental): 1 antinode, 2 nodes (including ends)

- Second Harmonic: 2 antinodes, 3 nodes

- Third Harmonic: 3 antinodes, 4 nodes

In general, the n-th harmonic has n antinodes and (n+1l) nodes.

The Significance of the Third Harmonic

In the scenario where the string is made to oscillate at its third harmonic,
it vibrates with three antinodes separated by nodes, creating a distinctive
pattern. The third harmonic's frequency is exactly three times the
fundamental frequency, making it an important stepping stone for
understanding harmonic series and musical overtones.

Visualizing the Third Harmonic

Imagine the string divided into four equal segments, with nodes at the fixed

ends and three internal nodes. The antinodes are located at the midpoints of
each segment, where the maximum displacement occurs.

Calculating the Frequencies and Wavelengths

Fundamental Frequency

The fundamental frequency \(f 1\) of a string is given by:
\[f 1 = \frac{v}{2L}\]

where:



- \(v\) = wave speed on the string
= length of the string (4.04 meters in this case)
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Wave Speed on the String
Wave speed depends on the tension \(T\) and linear mass density \(\mu\):
\[v = \sqrt{\frac{T}{\mu}}\1]

Without specific values for tension or mass density, the wave speed remains a
variable, but the relationships hold universally.

Frequencies of Harmonics

The frequency of the n-th harmonic:

\[f n =n \times f 1 = n \times \frac{v}{2L}\]
For the third harmonic:

\[f 3 = 3 \times \frac{v}{2L}\]

Wavelengths of the Harmonics

The wavelength \(\lambda n\) associated with the n-th harmonic:

\ [
\lambda n = \frac{2L}{n}
\1

Specifically, for the third harmonic:

\ [

\lambda 3 = \frac{2L}{3} = \frac{2 \times 4.04\, \text{m}}{3} \approx 2.693\,
\text{m}

\1

Practical Considerations in Oscillating at the Third Harmonic
Achieving the Third Harmonic

To produce a stable third harmonic, you can:

- Use a wave generator tuned to the third harmonic frequency.

- Play a note on a musical instrument (like a guitar or violin) that
naturally excites this mode.

- Use a mechanical method to induce vibrations at the specific frequency.

Nodes and Antinodes



In the third harmonic:
- Nodes: Fixed points where the string does not move-at the ends and at two
internal points.

- Antinodes: Points of maximum displacement; located midway between nodes.

The pattern resembles a wave with three "loops" along the length of the
string.

Visualizing and Analyzing the Oscillation Pattern
Node-Antinode Pattern
The pattern for the third harmonic:

- 4 nodes: at both ends and two internal points
- 3 antinodes: between each pair of nodes

This creates a characteristic "W" shape in the displacement pattern.
Number of Segments and Lengths

The string is divided into four equal segments of length:

\ [

\frac{L}{3} \approx 1.347\, \text{m}

\1]

Each segment contains a half-wavelength:

\ [
\lambda 3/2 = \frac{2L}{3} \times \frac{1}{2} = \frac{L}{3}
\1

which confirms the standing wave pattern.

Applications and Implications

Musical Instruments

Many stringed instruments harness harmonics to produce different tones. The
third harmonic contributes to the richness of sound and is used in techniques
like harmonics in guitar playing.

Engineering and Physics Education

Studying the third harmonic provides insights into wave behavior, modal



analysis, and resonance phenomena, essential in fields like mechanical
engineering, acoustics, and physics.

Scientific Measurement

Understanding harmonic oscillations allows for precise measurements of
tension, mass density, and wave speed in strings and other wave-supporting
media.

Summary of Key Points

- The string spans 4.04 meters and is fixed at both ends.

- Oscillating at the third harmonic involves creating a standing wave with
three antinodes and four nodes.

- The wavelength of the third harmonic is approximately 2.693 meters.

- The frequency is three times the fundamental frequency, scaled by the wave
speed.

- Achieving the third harmonic requires tuning to specific frequencies and
understanding node-antinode patterns.

- Practical applications include musical tone production, structural
analysis, and physics education.

Final Thoughts

Analyzing the behavior of a string oscillating at its third harmonic
illuminates fundamental wave phenomena that underpin much of acoustics and
wave mechanics. Whether in designing musical instruments, engineering
structures, or teaching physics, understanding these principles enhances our
ability to manipulate and predict wave behavior in various contexts. The
simple scenario of a string stretched over a known length opens doors to a
deeper appreciation of the natural harmonic series, resonance, and the
elegance of wave physics.
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