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You Draw At The Ends Of The tube? Understanding the harmonic series in
musical acoustics and wave physics is essential for visualizing how standing
waves develop inside open tubes. When analyzing the third harmonic of an open
tube, the pattern of nodes and antinodes becomes a key factor in determining
what visual representations or diagrams you should draw at the tube’s ends.
This article provides a comprehensive exploration of the harmonic series in
open tubes, focusing on the specific case of the third harmonic, and guides
you on how to accurately depict the wave behavior at the tube’s ends.

---

Understanding Harmonics in Open-Ended Tubes

What Are Harmonics?
In acoustics and wave physics, harmonics refer to the integer multiples of a
fundamental frequency at which a system tends to vibrate. For a tube open at
both ends, the harmonics correspond to specific standing wave patterns that
fit within the tube's length.

Fundamental Frequency (First Harmonic)
- The simplest standing wave pattern.
- Has one antinode in the center and nodes at both ends.
- The wavelength (\(\lambda_1\)) is twice the length of the tube (\(L\)):

\[
\lambda_1 = 2L
\]

- The frequency \(f_1\) is:

\[
f_1 = \frac{v}{\lambda_1} = \frac{v}{2L}
\]

where \(v\) is the speed of sound in air.



Harmonics in Open Tubes
- All harmonics are present because both ends are open.
- The standing wave patterns for open tubes have displacement antinodes at
both ends.
- The harmonic frequencies follow:

\[
f_n = n \times f_1, \quad n=1,2,3,\dots
\]

- Corresponding wavelengths:

\[
\lambda_n = \frac{2L}{n}
\]

---

The Third Harmonic in an Open Tube

Characteristics of the 3rd Harmonic
- For the third harmonic (\(n=3\)), the length of the tube relates to the
wavelength as:

\[
\lambda_3 = \frac{2L}{3}
\]

- This harmonic exhibits a standing wave pattern with specific nodes and
antinodes along the tube.

Wave Pattern of the 3rd Harmonic
- The third harmonic has three segments of standing wave inside the tube:
- Two nodes (points of no displacement) near the fixed ends.
- Two antinodes (points of maximum displacement) between the nodes.
- The pattern inside the tube consists of two loops, each representing a
half-wavelength.

Visualizing the Wave Pattern
- The wave pattern for the third harmonic in an open tube can be visualized
as:
- Displacement nodes at both ends.



- Two internal displacement antinodes.
- The pressure variation is inverse: pressure nodes at the antinodes of
displacement and vice versa.

---

Drawing the Wave at the Ends of the Tube

What Do the Ends Represent?
- At the ends of an open tube, boundary conditions dictate that:
- Displacement is maximized (antinode).
- Pressure variation is minimized (pressure node).
- Therefore, when drawing the wave at the ends, it is crucial to illustrate
these boundary conditions.

How To Depict the Wave at the Ends for the 3rd
Harmonic
- Since both ends are open, they are displacement antinodes.
- The wave at each end should be drawn to reflect maximum displacement.

Step-by-Step Drawing Instructions

Draw the Tube: Begin with a horizontal line representing the tube's1.
length.

Mark the Ends: Clearly label the left and right ends as open ends.2.

Indicate Boundary Conditions: At both ends, draw the wave as peaks3.
(antinodes), indicating maximum displacement.

Sketch the Internal Wave Pattern: Inside the tube, draw two complete4.
wave loops, showing three segments that fit within the tube length,
consistent with the third harmonic.

Label Nodes and Antinodes: Mark the nodes (points of zero displacement)5.
near the ends and the internal antinodes.

Visual Representation of the Wave at the Ends
- The wave at each open end should appear as a crest or peak, symbolizing the



displacement maximum.
- The wave's amplitude at the ends should be the highest, tapering inward to
nodes.

---

Physical Interpretation and Significance

Why Are the Ends Antinodes?
- Open ends of a tube allow air particles to move freely.
- This freedom results in maximum displacement (antinode) at the open ends.
- Pressure variations are minimal at these points, consistent with boundary
conditions.

Implications for Instrument Design
- Understanding the wave pattern helps musicians and instrument makers:
- Design tubes and pipes with desired harmonic properties.
- Tune instruments by adjusting length to emphasize specific harmonics.

Application in Sound Engineering
- Accurate visualization of wave patterns aids in:
- Diagnosing acoustic issues.
- Designing resonant chambers and musical instruments.

---

Summary of Key Points

The third harmonic in an open tube has a wavelength \(\lambda_3 =
\frac{2L}{3}\).

It features two internal antinodes and three nodes (including the ends).

The ends of the tube, being open, are displacement antinodes, where
maximum movement occurs.

When drawing the wave at the ends, depict peaks to reflect maximum
displacement.

Understanding these patterns is critical for acoustics, instrument
design, and wave physics education.



---

Conclusion
Drawing the third harmonic of a tube open at both ends involves understanding
the wave pattern's boundary conditions and internal structure. The ends of
the tube, being open, are displacement antinodes, so the wave should be
depicted with peaks at both ends. Internally, the wave features two loops and
three segments fitting within the tube's length. Mastery of these concepts
enhances comprehension of acoustic phenomena, supports precise instrument
crafting, and enriches educational practices in wave physics.

---

Meta-Description:
Learn how to accurately draw the 3rd harmonic of an open tube, focusing on
what to depict at the ends. Understand wave patterns, boundary conditions,
and their significance in acoustics and instrument design.

Frequently Asked Questions

What does the 3rd harmonic of a tube open at both
ends look like in terms of node and antinode
placement?
The 3rd harmonic of a tube open at both ends features three quarter-
wavelength segments, with displacement antinodes at both ends and two nodes
in between, resulting in a pattern with three peaks along the length.

How do the boundary conditions at both open ends
influence the shape of the 3rd harmonic wave?
Since both ends are open, they must be displacement antinodes, meaning the
wave oscillates maximally at the ends, creating a pattern with three segments
for the 3rd harmonic.

What symbols should be used to represent the ends of
the tube in a drawing of the 3rd harmonic?
The ends should be represented with open circle symbols (○) to indicate open
ends, which correspond to displacement antinodes in the wave pattern.



In a visual diagram of the 3rd harmonic, what should
be depicted at the ends of the tube?
At both ends, draw open circles or wave peaks to represent displacement
antinodes, showing maximum displacement at the open ends.

How does the 3rd harmonic differ visually from the
fundamental mode when drawing the wave inside the
tube?
The 3rd harmonic has three quarter-wavelength segments with two nodes inside,
so the wave should be drawn with three peaks and two nodes, with open ends as
antinodes at the edges.

Are there any specific markers or labels recommended
for clarity when drawing the 3rd harmonic of an open
tube?
Yes, label the ends as open (○) to indicate displacement antinodes, and mark
the nodes (points of zero displacement) inside to clearly illustrate the
harmonic pattern.

What is the significance of accurately representing
the ends of the tube in harmonic diagrams?
Accurately representing the ends ensures the wave pattern correctly reflects
boundary conditions, which is essential for understanding resonance,
frequency, and sound production in the tube.

Additional Resources
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Understanding the behavior of sound waves in musical instruments is essential
not only for musicians and instrument makers but also for physicists and
acousticians seeking to decode the complexities of sound production. Among
the myriad phenomena that occur within wind instruments, harmonics—or
overtones—play a critical role in defining the timbre and tonal richness of
the sound produced. When examining a tube open at both ends, such as a flute
or an organ pipe, the harmonic series manifests in a distinctive pattern that
can be visualized through wave diagrams. Specifically, the third harmonic
presents an intriguing case for visualization and understanding, especially
when considering what occurs at the ends of the tube. This article provides
an in-depth exploration of the third harmonic in a tube open at both ends,
focusing on how to accurately depict the wave behavior at the tube's



boundaries, what physical principles govern these patterns, and why this
understanding enriches our grasp of acoustic phenomena.

---

Fundamental Concepts in Harmonics and Open-
Ended Tubes

What Are Harmonics in Musical Instruments?

Harmonics, or overtones, are integer multiples of a fundamental frequency
that a musical instrument naturally produces when it vibrates. The
fundamental frequency (first harmonic) corresponds to the lowest pitch that
the instrument can produce, setting the basic pitch. Overtones are higher
frequencies that resonate within the instrument, creating a rich, complex
sound. These overtones are integral to the instrument’s tone quality or
timbre.

For a vibrating system like a string or an air column, the harmonic series
depends on boundary conditions—whether ends are open or closed. In wind
instruments, these conditions dictate the pattern of standing waves that can
form within the tube, affecting the possible harmonic frequencies.

Open-Open Tubes and Their Harmonics

A tube open at both ends is characterized by boundary conditions that enforce
pressure nodes (points of minimal pressure variation) at both ends. These
boundary conditions lead to standing wave patterns that are symmetric and
have specific harmonic frequencies.

In an open-open tube:

- The ends are pressure nodes where air can freely move.
- The standing wave patterns involve displacement antinodes at the ends,
where the air oscillates maximally.
- The harmonic series includes all integer multiples of the fundamental
frequency, i.e., 1st, 2nd, 3rd, etc.

This means the tube can support harmonics at frequencies:

\[ f_n = n \times f_1 \quad \text{where } n=1, 2, 3, ... \]

and the corresponding wave patterns have specific node and antinode
configurations at the ends.



---

The Third Harmonic in an Open-Open Tube:
Physical and Visual Characteristics

Frequency and Wavelength of the 3rd Harmonic

In an open-open tube, the third harmonic corresponds to the third multiple of
the fundamental frequency:

\[ f_3 = 3 \times f_1 \]

The wavelength associated with this harmonic is:

\[ \lambda_3 = \frac{2L}{3} \]

where \( L \) is the length of the tube. This wavelength reflects the
physical length of the wave pattern fitting inside the tube, with nodes and
antinodes arranged accordingly.

Wave Pattern of the 3rd Harmonic

The standing wave pattern for the third harmonic features:

- Three segments of the wave within the tube.
- Two pressure nodes at the ends (open ends).
- Two internal nodes and three antinodes, creating a pattern of alternating
pressure and displacement maxima and minima.

Visually, this corresponds to a wave with three "loops" or "half-waves"
fitting into the length of the tube.

Displacement and Pressure Nodes and Antinodes

It is crucial to distinguish between the displacement and pressure
representations:

| Aspect | Displacement Wave | Pressure Wave |
|---------|---------------------|----------------|
| Nodes | Points of maximum displacement | Points of minimal pressure
fluctuation (pressure nodes) |
| Antinodes | Points of minimal displacement | Points of maximum pressure



variation (pressure antinodes) |

In an open-open tube, the ends are displacement antinodes and pressure nodes.

---

Drawing the Wave at the Ends of the Tube for
the 3rd Harmonic

What Does "Drawing" the Wave Mean?

Visualizing waves involves representing the oscillations within the tube,
particularly at the boundaries where boundary conditions determine the wave
behavior. Drawing the wave at the ends of the tube involves illustrating
whether the motion is at a maximum or minimum, and whether the pressure or
displacement is at a node or antinode.

Wave Boundary Conditions at the Ends

For a tube open at both ends:

- The displacement (or particle motion) reaches a maximum (antinode) at the
open ends.
- The pressure variation is at a minimum (node) at the open ends.

This means that at the tube’s ends:

- The displacement wave will be at its maximum amplitude (peaks).
- The pressure wave will be at its minimum amplitude.

Visual Representation of the 3rd Harmonic at the
Ends

Step-by-step drawing instructions:

1. Identify the boundary conditions:
- Both ends are open.
- Displacement antinodes at both ends.
- Pressure nodes at both ends.

2. Draw the tube's length as a straight horizontal line.



3. At each end:
- Draw a large arrow pointing outward from the tube's end, indicating maximum
displacement (antinode).
- Represent the pressure variation as a flat line (minimal pressure
fluctuation) at the boundary.

4. Inside the tube:
- Sketch three full half-waves (loops) within the tube.
- The pattern will show a wave rising from a maximum displacement at the
first end, crossing zero at the first internal node, reaching a maximum in
the middle, crossing zero at the second internal node, and doing similarly
towards the second end.
- The internal nodes are points where displacement crosses zero; the
antinodes are maxima of displacement.

5. Label the nodes and antinodes:
- End points: displacement maximum (antinode).
- Internal points: alternation of nodes and antinodes.

6. Show pressure at the ends as flat lines at minimal variation, emphasizing
pressure nodes.

In summary:

- At the ends, draw displacement peaks (large upward or downward arrows).
- Indicate pressure nodes with flat lines.
- Inside, illustrate the wave pattern with three loops, consistent with the
third harmonic.

---

Implications and Applications of Visualizing
the 3rd Harmonic

Why Is Accurate Representation Important?

Visualizing the wave patterns at the boundaries and within the tube is
crucial for understanding how the instrument produces sound, how it can be
tuned, and how different harmonics contribute to the overall tone.

- Instrument Design: Knowing the wave behavior guides the design of tube
length and diameter to favor certain harmonics.
- Sound Quality: The richness of overtones affects the instrument's timbre.
- Tuning and Sound Control: Adjusting length or adding finger holes alters
harmonic content.



Analytical and Educational Value

Drawing the third harmonic helps students and researchers:

- Develop an intuitive grasp of standing wave patterns.
- Relate physical boundary conditions to wave behavior.
- Understand how harmonic series are constructed in real-world instruments.

Advanced Considerations

Beyond simple visualization, complex factors such as end correction (the
effective length of the tube being slightly longer than its physical length
due to open ends) and the effects of damping and temperature influence the
exact wave pattern. Nevertheless, the fundamental principles remain rooted in
the boundary conditions discussed.

---

Conclusion: The Art of Visualizing Harmonics in
Open Tubes

The process of drawing the third harmonic in a tube open at both ends is more
than an exercise in illustration; it is an exploration into the core physics
of sound production. Recognizing that the ends act as displacement antinodes
and pressure nodes guides the accurate depiction of wave patterns. The three-
loop pattern characteristic of the third harmonic can be visually represented
through careful sketches that highlight the positions of nodes and antinodes,
as well as pressure and displacement variations.

This understanding underscores the interplay between physical boundary
conditions and acoustic phenomena, bridging theoretical physics and practical
instrument design. Whether for educational purposes, instrument tuning, or
acoustic research, mastering the visualization of harmonics fosters a deeper
appreciation of the complexity and beauty of sound waves.

In essence, drawing the wave at the ends of a tube for the third harmonic
involves illustrating maximum displacement at the boundaries, pressure
minima, and the internal wave pattern that includes three half-waves fitting
within the tube. This visualization not only clarifies the harmonic structure
but also exemplifies the fundamental principles governing sound in wind
instruments, illuminating the harmony between physics and music.
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