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Understanding the relationship between wave speed, period, and wavelength is
fundamental in the study of wave physics. This particular problem asks us to determine
the wavelength of a wave given its celerity (wave speed) and period. To solve this, we
need to explore the core concepts of wave motion, the relevant formulas, and the step-by-
step calculation process. This article will delve into these topics comprehensively,
providing clarity on how to approach such problems and the underlying physics principles
involved.

Fundamental Concepts in Wave Physics

What Is a Wave?

A wave is a disturbance or oscillation that travels through a medium (such as air, water, or
solid substances) transferring energy from one point to another without the physical
transfer of matter. Waves can be classified into various types, including mechanical waves
(sound waves, water waves) and electromagnetic waves (light, radio waves).

Wave Parameters and Their Significance

Several key parameters describe the characteristics of a wave:

Wavelength (λ): The distance between two consecutive points in phase on a wave,
such as two crests or troughs.

Frequency (f): The number of wave cycles that pass a fixed point per second,
measured in Hertz (Hz).

Period (T): The time it takes for one complete wave cycle to pass a point, measured
in seconds.

Wave speed or celerity (v): The rate at which the wave propagates through the
medium, measured in meters per second (m/s).



Understanding the relationships among these parameters allows physicists to analyze and
predict wave behavior effectively.

The Relationship Between Wave Speed,
Wavelength, and Period

The Fundamental Wave Equation

The core relationship linking wave parameters is expressed by the wave equation:

\[ v = \lambda \times f \]

Where:
- \( v \) is the wave speed (m/s),
- \( \lambda \) is the wavelength (meters),
- \( f \) is the frequency (Hz).

This equation indicates that the wave speed is the product of the wavelength and
frequency.

Connecting Period and Frequency

Since period \( T \) is the reciprocal of frequency:

\[ f = \frac{1}{T} \]

Thus, the wave equation can also be written as:

\[ v = \lambda \times \frac{1}{T} \]

Rearranged to solve for wavelength:

\[ \lambda = v \times T \]

This form is particularly useful when the wave speed and period are known, as in our
problem.

Applying the Formula to the Problem



Given Data

The problem provides:

Wave celerity (speed), \( v = 1\, \text{m/s} \)

Period, \( T = 5\, \text{s} \)

Our goal is to find the wavelength \( \lambda \).

Step-by-Step Calculation

Applying the formula:

\[ \lambda = v \times T \]

Plugging in the values:

\[ \lambda = 1\, \text{m/s} \times 5\, \text{s} \]

\[ \lambda = 5\, \text{meters} \]

But wait! This initial calculation suggests the wavelength is 5 meters, which conflicts with
the multiple-choice answer of 20 meters. Let's analyze this discrepancy carefully.

Understanding the Discrepancy and Clarifying
Concepts

Re-evaluating the Calculation

The direct application suggests:

\[ \lambda = v \times T \Rightarrow 1\, \text{m/s} \times 5\, \text{s} = 5\, \text{m} \]

However, the question indicates an answer of 20 meters, which hints at a potential
misunderstanding or additional context.



Possible Misinterpretations

- Misreading the parameters: Perhaps the wave's period is not directly the one to use, or
the problem involves a different relationship.
- Additional factors: Sometimes, in wave physics, the phase velocity, group velocity, or
other parameters play roles, but in this straightforward context, the primary relationship
applies.

Given the initial data, the straightforward calculation yields a wavelength of 5 meters.

However, since the question states "How long is the wavelength?" with an answer choice
of 20 meters, perhaps the problem is asking for the wavelength corresponding to a
different set of parameters, or there's a typo in the question.

Alternatively, perhaps the problem is based on the relationship between the wave's speed
and the period leading to a different wavelength:

\[ \lambda = v \times T \]

which confirms the initial calculation.

Therefore, unless additional context is provided, the calculated wavelength based on the
given data is 5 meters.

But since the question explicitly states "A. 20 Meters," perhaps the intended interpretation
is that the wave's speed is 4 meters per second, or there's a misstatement.

Clarification and Conclusion

If the wave's celerity (speed) is 1 m/s and the period is 5 seconds, then:

\[ \lambda = v \times T = 1\, \text{m/s} \times 5\, \text{s} = 5\, \text{meters} \]

which contradicts the answer choice of 20 meters.

To reach a wavelength of 20 meters with a period of 5 seconds, the wave speed would
need to be:

\[ v = \frac{\lambda}{T} = \frac{20\, \text{m}}{5\, \text{s}} = 4\, \text{m/s} \]

Thus, perhaps the question is designed to test understanding of the relationship rather
than the specific data.

---

Additional Insights into Wave Calculations

Implications for Wave Behavior

- Longer wavelength: Means the wave oscillates over a larger distance.



- Higher wave speed: Leads to a longer wavelength for a given period.
- Period's influence: Increasing the period (holding speed constant) increases the
wavelength.

Practical Applications

- Oceanography: Understanding how waves with different periods propagate.
- Engineering: Designing structures to withstand specific wave patterns.
- Communications: Calculating wavelengths for radio wave transmission.

---

Summary

In conclusion, the key to solving the problem lies in understanding the fundamental wave
relationship:

\[ \lambda = v \times T \]

Given the data:

- \( v = 1\, \text{m/s} \)
- \( T = 5\, \text{s} \)

The calculation yields:

\[ \boxed{\lambda = 5\, \text{meters}} \]

which is consistent with the basic physics principles. The mention of a 20-meter
wavelength might be a distractor or based on different parameters. Recognizing the
importance of correctly interpreting given data and applying the fundamental formula is
essential in wave physics.

---

Final Remarks

Understanding the relationships among wave parameters is crucial for physicists and
engineers alike. Precise calculations and clear comprehension of the underlying formulas
enable accurate analysis of wave phenomena across various scientific and practical
domains. Whether studying ocean waves, electromagnetic signals, or sound propagation,
mastering these concepts provides a solid foundation for exploring the fascinating world of
wave mechanics.

Frequently Asked Questions



What is the formula to find the wavelength of a wave
when its wave speed and period are known?
The wavelength (λ) can be found using the formula λ = v × T, where v is the wave speed
and T is the period.

Given a wave speed of 1 m/s and a period of 5 seconds,
what is the wavelength?
The wavelength is 5 meters, calculated by λ = 1 m/s × 5 s = 5 meters.

Why does the wavelength increase when the period of a
wave increases, assuming constant wave speed?
Because wavelength is directly proportional to the period (λ = v × T), increasing T results
in a longer wavelength if wave speed remains constant.

If the wave speed is 1 m/s and the period is 5 seconds,
what is the correct wavelength?
The correct wavelength is 5 meters, since λ = 1 m/s × 5 s = 5 meters.

What is the common mistake when calculating
wavelength with given wave speed and period?
A common mistake is confusing period with frequency or incorrectly multiplying or
dividing, leading to incorrect wavelength calculations.

How does the wave's period relate to its frequency?
The period (T) is the reciprocal of frequency (f); T = 1/f, so a longer period means a lower
frequency.

Is the provided answer '20 meters' correct for the wave
with given parameters?
No, the correct wavelength is 5 meters; '20 meters' would be incorrect unless the wave
speed was 4 m/s, not 1 m/s.

Additional Resources
Wave speed, period, and wavelength are fundamental concepts in the study of wave
physics, playing a crucial role in understanding how waves propagate through different
mediums. When analyzing wave behavior, specific parameters such as wave speed
(celerity), period, and wavelength are interconnected through well-established



relationships. One intriguing question often encountered in physics education is: If the
celerity of a wave is 1 m/s and the period is 5 seconds, how long is the wavelength? This
question not only tests comprehension of wave concepts but also highlights the practical
applications of these principles in fields ranging from telecommunications to
oceanography.

In this article, we will explore the fundamental concepts behind wave motion, analyze how
to compute wavelength given wave speed and period, and examine the implications of
these calculations through various examples. We aim to provide a comprehensive
understanding that clarifies the relationship between these parameters, along with a
critical evaluation of their significance in real-world scenarios.

---

Understanding Wave Speed, Period, and
Wavelength

Before tackling the specific problem, it is essential to understand the core concepts
involved:

Wave Speed (Celerity)
Wave speed, often called celerity, is the rate at which a wave propagates through a
medium. It is typically expressed in meters per second (m/s). The wave speed depends on
the properties of the medium and the type of wave. For example:

- In electromagnetic waves, the speed is approximately \(3 \times 10^8\) m/s in a vacuum.
- In water waves, the speed depends on the water depth and wave characteristics.
- In mechanical waves on a string, it depends on tension and linear density.

Mathematically, wave speed relates to the other parameters as:
\[
v = \frac{\lambda}{T}
\]
where:
- \(v\) is the wave speed,
- \(\lambda\) is the wavelength,
- \(T\) is the period.

Period of a Wave
The period \(T\) is the time it takes for one complete wave cycle to pass a fixed point. It is
measured in seconds. The inverse of the period is the frequency:
\[
f = \frac{1}{T}
\]



where:
- \(f\) is the frequency in hertz (Hz),
- \(T\) is the period in seconds.

Wavelength
The wavelength \(\lambda\) is the physical length of one complete wave cycle, measured in
meters. It signifies the spatial length over which the wave pattern repeats itself.

---

Calculating Wavelength from Wave Speed and
Period

Given the fundamental relation:
\[
v = \frac{\lambda}{T}
\]
we can rearrange it to solve for the wavelength:
\[
\lambda = v \times T
\]

Given Data:
- Wave speed \(v = 1\, \text{m/s}\),
- Period \(T = 5\, \text{seconds}\).

Calculation:
\[
\lambda = 1\, \text{m/s} \times 5\, \text{s} = 5\, \text{meters}
\]

Result:
The wavelength \(\lambda\) is 5 meters.

---

Analysis of the Result and Common
Misconceptions

The straightforward calculation indicates that the wavelength is 5 meters for the given
parameters. However, the multiple-choice answer provided in the question is 20 meters,
which warrants further analysis. Let's explore possible reasons for this discrepancy and
why the correct answer based on the given data is 5 meters.



Possible Misinterpretations
- Incorrect assumption of parameters: Sometimes, students might confuse the period and
frequency or misapply the formula. It's crucial to recognize that the period is the time for
one cycle, not the duration of multiple cycles.
- Misreading the question: The question explicitly states the wave speed and period, so the
calculation should directly follow the formula.
- Typographical errors: The options might include incorrect choices or misprinted values.

Why the answer is not 20 meters
If someone considers the wave speed as 1 m/s and the period as 5 seconds, then:
\[
\lambda = 1\, \text{m/s} \times 5\, \text{s} = 5\, \text{meters}
\]
which is significantly less than 20 meters. To get a wavelength of 20 meters with the same
period, the wave speed would need to be:
\[
v = \frac{\lambda}{T} = \frac{20\, \text{m}}{5\, \text{s}} = 4\, \text{m/s}
\]
which contradicts the given wave speed.

Therefore, the correct wavelength, based on the provided data, is 5 meters.

---

Real-World Implications of the Calculation

Understanding how to compute wavelength from wave speed and period is vital in many
practical applications:

Telecommunications
- Radio waves, microwaves, and other electromagnetic waves rely on precise wavelength
calculations to optimize transmission and reception.
- Knowing the wavelength helps in antenna design, as antennas are often tuned to specific
wavelengths for efficient signal transmission.

Oceanography and Marine Engineering
- Accurate measurement of wave parameters aids in predicting ocean conditions,
designing ships, and constructing offshore structures.
- Wavelength informs about the energy and potential impact of waves on coastlines.



Seismology and Earthquake Engineering
- Seismic waves' wavelengths influence how structures respond to ground movements.
- Critical for designing earthquake-resistant infrastructure.

Music and Acoustics
- Sound waves' wavelength relates to pitch; understanding this helps in designing concert
halls and audio equipment.

---

Features and Limitations

While the basic formula is straightforward, several factors can influence the relationship
between wave speed, period, and wavelength:

Features:
- Simplicity: The direct relation allows quick calculations.
- Universality: Applies across different wave types—mechanical, electromagnetic, etc.
- Educational value: Fundamental for understanding wave phenomena.

Limitations:
- Medium dependence: Wave speed varies with medium properties; the formula assumes a
uniform medium.
- Wave type: Different waves (transverse, longitudinal) may behave differently, especially
in complex environments.
- Assumption of linearity: Nonlinear or complex wave interactions can alter the simple
relationship.

---

Conclusion

The question, "If the celerity of a wave is 1 m/s and the period is 5 seconds, how long is
the wavelength?" can be confidently answered by applying the fundamental wave relation:
\[
\lambda = v \times T
\]
which yields:
\[
\boxed{\lambda = 5\, \text{meters}}
\]

This exercise underscores the importance of understanding the fundamental relationships
in wave physics and encourages careful reading and interpretation of problem parameters.



While the given options may sometimes seem conflicting, rigorous application of physics
principles leads to the correct conclusion. Mastery of these concepts is essential for
students and professionals working across a broad spectrum of scientific and engineering
disciplines, highlighting the enduring relevance of wave theory in understanding our
world.

---

Summary of Key Points:
- Wave speed, period, and wavelength are interconnected.
- Wavelength is calculated by multiplying wave speed by period.
- Precise understanding of parameters avoids common misconceptions.
- Application spans various fields, emphasizing the importance of wave physics.

Understanding these fundamental principles ensures accurate analysis and practical
application in diverse scientific and technological contexts.
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