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On The Water Surface, There Are Two Sources Of Oscillating Waves Of The Same
Phase Located At A And B, the phenomenon of wave interference becomes particularly
intriguing. When two such sources generate waves that are synchronized in phase, they
produce complex patterns on the water surface, which can be observed and analyzed to
understand fundamental principles of wave behavior. These scenarios are common in
various physical systems, from simple ripple tanks to advanced engineering applications,
and serve as foundational examples for studying wave interference, diffraction, and
superposition.

In this article, we will explore the characteristics and implications of having two
oscillating wave sources of the same phase on the water surface, delve into the principles
governing their interference, and examine practical applications and experiments that
illustrate these concepts.

Understanding Oscillating Wave Sources and
Their Phases

What Is an Oscillating Wave Source?
An oscillating wave source is any point or device that produces periodic disturbances in a
medium—in this case, water—that propagate outward as waves. These sources can be
mechanical, such as a vibrating paddle or a speaker diaphragm submerged in water, or
natural, like ripples caused by falling objects. The key characteristic of such sources is
their ability to generate waves with specific frequency, amplitude, and phase.

Phase in Wave Sources
Phase refers to the position of a point within the wave cycle at a given time. When two
wave sources are "of the same phase," it means their oscillations reach their maximum
and minimum points simultaneously, leading to constructive interference when their
waves overlap.

Important points about phase:

- In-phase sources: Their oscillations align perfectly; peaks coincide with peaks, troughs
with troughs.
- Out-of-phase sources: Their oscillations are shifted; for example, a phase difference of
180° (or π radians) results in destructive interference.
- Implication: In-phase sources tend to reinforce each other's waves, increasing amplitude



where they overlap.

Wave Interference From Two In-Phase Sources

Superposition Principle
The fundamental principle governing the interaction of waves from two sources is
superposition. It states that when two or more waves meet, the resultant displacement at
any point is the algebraic sum of the displacements due to each individual wave.

Mathematically:

\[ y_{total} = y_1 + y_2 \]

where \( y_1 \) and \( y_2 \) are displacements caused by each wave.

Constructive and Destructive Interference
Since the sources are of the same phase, their waves can interfere constructively or
destructively depending on the position on the water surface.

- Constructive interference: Occurs where the crest of one wave coincides with the crest of
the other, resulting in a larger amplitude.
- Destructive interference: Occurs where the crest of one wave coincides with the trough
of the other, potentially canceling each other out.

Illustration of interference patterns:

- When the waves from sources A and B overlap, the pattern of high and low water levels
forms a pattern of alternating bright and dark fringes, or nodes and antinodes, similar to
what is observed in wave optics.

Interference Patterns on the Water Surface

Formation of Nodes and Antinodes
In the context of two coherent, in-phase sources, the water surface exhibits a regular
pattern of stationary points:

- Nodes: Points where destructive interference consistently occurs, leading to minimal
movement or calm spots.
- Antinodes: Points where constructive interference results in maximum wave amplitude.

This pattern is reminiscent of standing waves, which are formed when the waves reflect



and interfere in such a way that specific points remain stationary.

Dependence on Parameters
The interference pattern depends on several factors:

- Distance between sources (A and B): Changes the spacing of nodes and antinodes.
- Wavelength of the waves: Determines the number of nodes and antinodes within a given
region.
- Frequency of oscillation: Affects the speed and wavelength, influencing the pattern.
- Medium properties: Density, viscosity, and surface tension of water influence wave
propagation.

Mathematical Analysis of the Interference

Path Difference and Its Role
The key to understanding the interference pattern is the path difference between waves
arriving at a particular point on the water surface:

\[ \Delta r = |r_A - r_B| \]

where \( r_A \) and \( r_B \) are the distances from the point to sources A and B
respectively.

- When \( \Delta r \) is an integer multiple of the wavelength \( (\lambda) \), constructive
interference occurs.
- When \( \Delta r \) is a half-integer multiple of \( \lambda \), destructive interference
occurs.

Conditions:

- Constructive interference: \( \Delta r = n\lambda \), where n is an integer.
- Destructive interference: \( \Delta r = (n + \frac{1}{2}) \lambda \).

Mathematical Expression of the Resultant Wave
If both sources oscillate with amplitude \( A_0 \) and are of the same phase, the resultant
displacement \( y \) at a point is:

\[ y = 2A_0 \cos \left( \frac{\delta}{2} \right) \cos \left( \omega t - \phi \right) \]

where:

- \( \delta \) is the phase difference related to path difference,
- \( \omega \) is angular frequency,



- \( \phi \) is the phase constant.

This expression highlights how the amplitude varies depending on the phase difference
caused by the path difference.

Practical Applications and Experimental
Demonstrations

Ripple Tank Experiments
Ripple tanks are simple setups used to visualize wave interference:

- Two vibrating pins or paddles act as in-phase sources.
- Observation of interference fringes—alternating bright and dark lines—demonstrates
nodes and antinodes.
- Changing the distance between sources alters the pattern, illustrating the dependence
on interference conditions.

Engineering and Technology Applications
Understanding wave interference from multiple sources is essential in various fields:

- Noise-canceling headphones: Use destructive interference to reduce unwanted sound.
- Seismic wave analysis: Detects and interprets interference patterns from multiple
seismic sources.
- Ocean engineering: Design of structures considering wave interference to minimize
destructive effects.
- Wireless communication: Antenna arrays utilize interference principles for signal
enhancement or suppression.

Conclusion
The phenomenon of two in-phase oscillating wave sources on the water surface epitomizes
the fundamental principles of wave interference and superposition. Through constructive
and destructive interference, these sources produce intricate patterns of nodes and
antinodes that deepen our understanding of wave behavior. Whether in simple ripple tank
experiments or complex engineering systems, recognizing how phase and path differences
influence wave patterns is vital for harnessing and controlling wave phenomena across
scientific and technological domains.

Understanding these principles not only enhances our grasp of physical wave behavior but
also inspires innovations in various fields, emphasizing the importance of wave
interference concepts in both theoretical and practical contexts.



Frequently Asked Questions

What causes the oscillating waves on the water surface
at points A and B to be in phase?
The waves originate from sources A and B that oscillate synchronously with the same
frequency and phase, resulting in in-phase waves on the water surface.

How does the distance between sources A and B affect
the wave interference pattern?
The distance determines the nature of interference; at certain points, constructive
interference occurs (amplified waves), while at others, destructive interference occurs
(damped waves), based on the path difference.

What is the significance of the phase relationship
between the two oscillating sources?
The phase relationship determines whether the waves reinforce or cancel each other,
influencing the resulting wave pattern on the water surface.

How can we determine the points of constructive and
destructive interference in this scenario?
By analyzing the path difference between the waves from A and B; points where the path
difference is a multiple of the wavelength result in constructive interference, and where it
is an odd multiple of half wavelengths result in destructive interference.

What role does wavelength play in the interference
pattern created by the two sources?
Wavelength determines the spacing between interference fringes; larger wavelengths
produce broader interference patterns, while shorter wavelengths produce closely spaced
fringes.

How does the phase of the sources affect the resulting
wave pattern on the water surface?
Since the sources are in phase, their waves combine constructively at certain points,
leading to consistent reinforcement and stable interference patterns.

Can the amplitude of the waves from sources A and B
influence the interference pattern?
Yes, the amplitudes affect the intensity of the resulting waves; equal amplitudes produce



clear interference patterns, while differing amplitudes can lead to uneven wave
reinforcement.

What are the real-world applications of understanding
wave interference from multiple sources on water
surfaces?
Applications include designing noise-canceling systems, understanding ocean wave
patterns, optimizing acoustic environments, and studying wave behavior in physics and
engineering.

How does the phase difference change if the sources are
moved out of phase?
If the sources are out of phase, the interference pattern shifts, leading to more destructive
interference and a different distribution of wave amplitudes on the water surface.

What experimental methods can be used to visualize the
interference pattern caused by the two sources?
Techniques include using dye or particles on the water surface to visualize wave patterns,
high-speed imaging, or laser-based wave pattern mapping.

Additional Resources
On The Water Surface, There Are Two Sources Of Oscillating Waves Of The Same Phase
Located At A and B

---

Introduction

The behavior of waves on the water surface has fascinated scientists and engineers for
centuries, offering insights into fundamental physics, practical applications in maritime
navigation, and the development of wave-based technologies. Among the myriad
phenomena observed, the interaction of multiple oscillating wave sources stands out due
to its complex yet predictable patterns. This article delves into the specific case where two
sources of oscillating waves, located at points A and B on the water surface, produce
waves of the same phase. We explore their wave mechanics, interference patterns, and
implications for understanding wave physics, with an emphasis on the principles
underlying their behavior.

---

Fundamental Concepts of Water Wave Oscillation

Before examining the specific case, it is essential to review the foundational principles of



water wave oscillation.

Nature of Water Waves

Water waves are disturbances that transfer energy across the water surface,
characterized by oscillatory motion of particles. These waves can be classified broadly
into:

- Surface gravity waves: Predominant in open water, driven by gravity restoring forces.
- Capillary waves: Smaller, surface tension-dominated waves.

In our context, we focus on surface gravity waves generated by oscillating sources.

Oscillating Sources and Wave Generation

An oscillating source, such as a vibrating paddle or submerged motor, imparts periodic
energy into the water, creating waves that propagate outward. The key parameters
include:

- Frequency (f): How often the source oscillates per second.
- Amplitude (A): The maximum displacement of water particles.
- Phase: The initial angle of the wave’s cycle at the source.

Sources in phase produce waves that reach points on the water surface synchronously,
leading to specific interference patterns.

---

Two In-Phase Oscillating Sources: Setup and Conditions

Spatial Arrangement

Imagine two point sources, A and B, placed at fixed positions on the water surface,
separated by a distance \( d \). Both are oscillating with the same frequency \( f \),
amplitude \( A_0 \), and crucially, the same phase at their respective origins.

Wave Propagation

Each source generates circular wavefronts that expand outward from their points of
origin. Since both are in phase, their wavefronts are synchronized, which leads to
distinctive interference effects.

Assumptions for Simplification

For analytical clarity, the following assumptions are made:

- The water surface is deep enough to neglect boundary effects.
- The wave sources are point sources with negligible size.
- Damping effects, such as viscosity and surface tension, are minimal over the considered
distances.
- The medium is homogeneous, isotropic, and linear, allowing superposition principles to



apply.

---

Wave Interference: The Core Phenomenon

Principle of Superposition

When two waves overlap, their displacements add algebraically. For in-phase sources, the
superposition leads to constructive interference at certain points, creating regions of
amplified wave amplitude, and destructive interference at others, where the waves cancel
out.

Interference Pattern Formation

The resultant wave pattern on the water surface depends on the relative positions of the
sources and the observation point.

Key features include:

- Constructive interference zones: Areas where waves from A and B reinforce each other.
- Destructive interference zones: Areas where waves cancel out.

Given that the sources are in phase, the interference pattern is stable and predictable,
forming a series of lines or regions of maximum and minimum amplitude.

---

Analytical Modeling of Wave Interference

Mathematical Representation of Single Source

A point source oscillating with amplitude \( A_0 \) and phase \( \phi_0 \) produces a wave at
point \( P \):

\[
\Psi_{A}(P,t) = A \cos(k r_A - \omega t + \phi_0)
\]

where:

- \( r_A \) is the distance from source A to point P,
- \( k = \frac{2\pi}{\lambda} \) is the wave number,
- \( \omega = 2\pi f \) is the angular frequency.

Similarly, for source B:

\[
\Psi_{B}(P,t) = A \cos(k r_B - \omega t + \phi_0)
\]



Because the sources are in phase, they share the same \( \phi_0 \).

Resultant Wave at a Point

The superposition at point \( P \):

\[
\Psi_{total} = \Psi_{A} + \Psi_{B}
\]

Using the cosine sum identity:

\[
\Psi_{total} = 2A \cos \left( \frac{k(r_A - r_B)}{2} \right) \cos \left( k \frac{r_A + r_B}{2} -
\omega t + \phi_0 \right)
\]

The amplitude modulation depends on the path difference \( \Delta r = r_A - r_B \).
Constructive interference occurs when:

\[
k \Delta r = 2m\pi, \quad m \in \mathbb{Z}
\]

and destructive interference when:

\[
k \Delta r = (2m + 1)\pi
\]

This criterion defines the interference fringes on the water surface.

---

Spatial Distribution of Interference Patterns

Equilibrium and Fringe Formation

The geometrical loci of points satisfying the interference conditions are hyperbolas (for
constant path difference) and straight lines (for equal distances), leading to a pattern of
alternating high and low amplitude regions.

Fringe Spacing and Orientation

The distance between adjacent constructive interference fringes, \( \Delta s \), can be
approximated as:

\[
\Delta s \approx \frac{\lambda}{2 \sin \theta}
\]



where \( \theta \) is the angle between the line connecting the sources and the line from
the sources to the observation point.

Impact of Source Separation

The separation \( d \) influences the fringe pattern:

- Larger \( d \) results in more widely spaced fringes.
- Smaller \( d \) produces tightly packed fringes.

Visual Patterns

On the water surface, these interference fringes manifest as alternating ridges
(constructive interference) and troughs (destructive interference). The pattern remains
stationary if the sources are steady and in phase.

---

Experimental Observations and Validation

Setup Considerations

- Using a tank of water with two synchronized paddles or vibrators at points A and B.
- Maintaining consistent phase, frequency, and amplitude in oscillation.
- Employing visualization techniques such as dye tracers or high-speed imaging.

Typical Results

- Clear pattern of concentric wavefronts emanating from each source.
- Stationary interference fringes aligned perpendicularly to the line joining A and B.
- The fringes' positions depend on wavelength, source separation, and oscillation
frequency.

Challenges and Variations

- Damping effects can diminish fringe contrast.
- External disturbances introduce noise.
- Variations in phase or amplitude lead to shifting or blurred fringes.

---

Broader Implications and Applications

Wave Physics and Coherence

The scenario of two in-phase sources exemplifies fundamental wave interference
principles, illustrating the importance of phase coherence in wave phenomena.

Engineering and Technological Applications

- Marine navigation: Understanding wave interference can aid in predicting wave patterns



around structures.
- Wave energy harvesting: Optimizing array configurations for maximum constructive
interference.
- Acoustic and electromagnetic analogs: Similar principles govern sound wave and
electromagnetic wave interference.

Environmental and Oceanographic Relevance

Knowledge of wave interactions supports modeling of complex wave fields in coastal
engineering, helping to predict wave forces and erosion patterns.

---

Conclusion

The phenomenon of on the water surface, there are two sources of oscillating waves of the
same phase located at A and B encapsulates core principles of wave physics, notably
superposition and interference. By analyzing the spatial distribution of wave amplitudes
resulting from these sources, we observe a predictable pattern of constructive and
destructive interference fringes. This deep understanding not only enhances our grasp of
fundamental physics but also informs practical applications across maritime engineering,
wave energy, and environmental management. As research progresses, further exploration
into variables such as phase differences, source movement, and medium heterogeneity
promises to unveil even more intricate wave behaviors, continuing the legacy of inquiry
initiated by these fundamental wave interactions.

---

Note: This detailed examination underscores the importance of phase coherence in wave
interactions and provides a comprehensive framework for interpreting interference
phenomena on water surfaces, with broad relevance across scientific disciplines.
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