4. The Angular Frequency Of An
Electromagnetic Wave Traveling In
Vacuum Is 3.00 X 108 Rad/s. What Is

4. The Angular Frequency Of An Electromagnetic Wave Traveling In Vacuum Is
3.00 X 10”8 Rad/s. What Is the significance of this value, and how does it
relate to other properties of electromagnetic waves? Understanding the
angular frequency is fundamental in the study of wave physics, especially
when analyzing electromagnetic radiation such as light, radio waves, and X-
rays. In this article, we will explore the concept of angular frequency, its
relation to frequency and wavelength, and how it plays a crucial role in the
behavior of electromagnetic waves traveling through vacuum.

Understanding Electromagnetic Waves in Vacuum

Electromagnetic waves are oscillations of electric and magnetic fields that
propagate through space at the speed of light. In a vacuum, these waves
travel unimpeded, making it an ideal medium to study their fundamental
properties. The key parameters describing electromagnetic waves include:

e Frequency (f)

e Wavelength (A)

e Speed (c)

e Angular frequency (w)

Each of these parameters provides different insights into the wave's
behavior. The angular frequency, in particular, relates to how rapidly the
wave oscillates in time.

Defining Angular Frequency

What Is Angular Frequency?

Angular frequency, denoted by w (omega), measures how many radians a wave's
phase advances per second. It is related to the regular frequency (f), which
counts how many oscillations occur per second, through the relation:



o w = 2nf

Since one complete oscillation corresponds to a phase change of 2n radians,
angular frequency provides a natural measure of the wave's oscillatory rate
in terms of radians per second.

Units of Angular Frequency

Angular frequency is measured in radians per second (rad/s). Although radians
are technically dimensionless, they serve as a unit of angular measure,
making w a measure of how quickly the phase of the wave progresses.

Calculating the Frequency from Angular
Frequency

Given the angular frequency of 3.00 x 1078 rad/s, we can determine the wave’s
frequency using the relation:

f=w/ (2m)
Substituting the given value:

f =(3.00 x 1078 rad/s) / (2m) = (3.00 x 1078) / 6.2832 = 4.774 x 1077 Hz

This frequency corresponds to approximately 47.74 million oscillations per
second, characteristic of high-frequency electromagnetic radiation, such as
visible light.

The Relationship Between Frequency, Wavelength,
and Speed

Electromagnetic waves in vacuum obey the fundamental wave relation:
c = Af

where:



e c is the speed of light in vacuum (~3.00 x 1078 m/s)
e A is the wavelength

e f is the frequency

Using the calculated frequency, the wavelength can be found as:

A=c/ f= (3.00 x 10”8 m/s) / (4.774 x 10”7 Hz) = 6.28 meters

A wavelength of approximately 6.28 meters indicates a radio wave, which
aligns with the high angular frequency provided.

Significance of the Angular Frequency in
Electromagnetic Waves

Oscillation Rate and Energy

The angular frequency is directly proportional to the energy of the photon
associated with the electromagnetic wave. The photon energy (E) is given by:

E=hf=(h/2n) w

where h is Planck’s constant (~6.626 x 107-34 Js). Therefore, higher angular
frequencies correspond to higher photon energies, influencing how the wave
interacts with matter.

Wave Behavior and Propagation

The angular frequency determines the wave’s oscillation rate, affecting
phenomena such as interference, diffraction, and polarization. For example:

e In radio communications, higher frequencies enable higher data
transmission rates.

e In optics, the visible spectrum spans frequencies roughly from 4.3 X
10714 Hz (red light) to 7.5 x 10”14 Hz (violet light). The given



frequency (~4.77 x 10”7 Hz) is far below visible light, characteristic
of radio waves.

Practical Applications and Implications

Understanding the angular frequency is essential across various fields:

e Communications: Designing antennas and transceivers requires knowledge
of wave frequencies for efficient transmission and reception.

* Remote Sensing: Satellite sensors operate at specific frequencies, which
are related to their angular frequencies, to detect environmental
changes.

e Medical Imaging: Techniques such as MRI utilize electromagnetic waves
with particular frequencies and angular frequencies.

e Physics Research: Studying wave-particle interactions and quantum
phenomena depends on the precise measurement of wave parameters like
angular frequency.

Summary

In summary, the given angular frequency of an electromagnetic wave traveling
in vacuum is 3.00 x 10”8 rad/s. This value corresponds to a frequency of
approximately 47.74 MHz, characteristic of radio waves. The angular frequency
provides a direct measure of how rapidly the wave oscillates in phase, and it
is intimately linked to the wave’s energy, wavelength, and propagation
characteristics. Understanding these relationships is vital for applications
across telecommunications, astrophysics, medical technology, and fundamental
physics.

Conclusion

Knowing the angular frequency of an electromagnetic wave allows scientists
and engineers to predict and manipulate wave behavior effectively. It bridges
the concepts of oscillation, energy, and wavelength, enabling the development
of technologies that rely on electromagnetic radiation. As we continue to
explore the electromagnetic spectrum, the importance of parameters like
angular frequency remains central to advancing our understanding of the



universe and improving modern technological applications.

Frequently Asked Questions

What is the angular frequency of an electromagnetic
wave traveling in vacuum with a value of 3.00 x 1078
rad/s?

The angular frequency is given as 3.00 x 1078 rad/s, which is a measure of
how many radians the wave oscillates per second.

How does the given angular frequency relate to the
wavelength of the electromagnetic wave in vacuum?

The angular frequency (w) is related to the wavelength (A) via the wave's
speed (c) using the relation w = 2nc/A. Given w, you can find the wavelength
as A = 2nc/w.

What is the period of the electromagnetic wave with
an angular frequency of 3.00 x 1078 rad/s?

The period T is given by T = 2n/w. Substituting w = 3.00 x 1078 rad/s, T = 2n
/ (3.00 x 1078) = 2.09 x 10™-8 seconds.

What is the frequency (f) of the electromagnetic
wave with an angular frequency of 3.00 x 1078 rad/s?

The frequency f is related to the angular frequency by f = w / 2n. Therefore,
f = (3.00 x 1078) / (2n) = 4.77 x 10™7 Hz.

Is the given angular frequency typical for visible
light electromagnetic waves?

No, an angular frequency of 3.00 x 10”8 rad/s corresponds to a frequency of
about 47.7 MHz, which is in the radio wave range, not visible light.

Additional Resources

The Angular Frequency of an Electromagnetic Wave Traveling in Vacuum Is 3.00
x 1078 Rad/s. What Is — this question sits at the intersection of fundamental
physics and practical applications, prompting us to explore the core
properties of electromagnetic waves, their behaviors, and the significance of
angular frequency in understanding wave dynamics. Whether you're a student



delving into physics concepts or a professional analyzing electromagnetic
phenomena, grasping the concept of angular frequency is essential to
interpreting wave characteristics and their implications in real-world
scenarios.

Understanding Electromagnetic Waves in Vacuum

Electromagnetic waves are oscillations of electric and magnetic fields that
propagate through space at the speed of light. In vacuum, these waves travel
without attenuation, making the vacuum an ideal medium for analyzing
fundamental wave properties. The speed of light in vacuum, denoted as c, is
approximately 3.00 x 1078 meters per second (m/s), and it serves as a
baseline for many calculations involving electromagnetic radiation.

Fundamental Parameters of Electromagnetic Waves
Electromagnetic waves are characterized by several key parameters:

- Frequency (f): Number of oscillations per second, measured in hertz (Hz).

- Wavelength (A): Distance between successive peaks or troughs, measured in

meters (m).

- Wave speed (v): The velocity at which the wave propagates, in vacuum this

is c.

- Angular frequency (w): The rate of change of the wave's phase with respect
to time, measured in radians per second (rad/s).

Understanding the relationship between these parameters is crucial for
analyzing wave behavior and energy transfer.

Defining Angular Frequency and Its Significance

What Is Angular Frequency?

Angular frequency (w) is a fundamental measure in wave physics that describes
how rapidly the wave oscillates in terms of radians per second. It relates
directly to the wave's temporal variation, representing how quickly the

electric and magnetic fields oscillate as the wave propagates.

Mathematically, angular frequency is connected to the regular frequency f
via:

\[ \omega = 2\pi f \]
where:

- w: Angular frequency (rad/s)
- f: Frequency (Hz)



This relationship indicates that for each cycle of oscillation (which
corresponds to 2m radians), the wave completes a frequency f oscillations per
second.

Why Is Angular Frequency Important?

- Phase Calculation: It helps determine the phase of the wave at any given
point in space and time, which is critical for interference and diffraction
analyses.

- Energy Distribution: The energy carried by an electromagnetic wave is
directly proportional to its frequency, and thus understanding w helps in
energy quantification.

- Wave Equations: Many wave equations are expressed in terms of angular
frequency, simplifying the mathematical modeling of wave phenomena.

The Given Data and the Problem
The problem statement provides:

> The angular frequency of an electromagnetic wave traveling in vacuum is
3.00 x 10”8 rad/s. What is...

At first glance, it seems incomplete, but based on common physics problems,
the question likely asks:

- "What is the frequency of the wave?"
- "What is the wavelength of the wave?"
- "What is the wave's energy per photon?"

For the purposes of a comprehensive guide, we will analyze each of these
potential questions based on the given angular frequency.

Calculating the Wave’s Frequency

Relationship Between Angular Frequency and Frequency
Recall the core relationship:

\[ \omega = 2\pi f \]

To find the frequency f:

\[ f = \frac{\omega}{2\pi} \]

Substitute the given value:

\[ f = \frac{3.00 \times 1078}{2\pi} \]



Calculating:

\[ 2\pi \approx 6.2832 \]

\[ f \approx \frac{3.00 \times 1078}{6.2832} \]

\[ f \approx 4.774 \times 1077 \text{ Hz} \]

Interpretation

- The wave's frequency is approximately 47.74 million Hz, or 47.74 MHz.

- This frequency falls within the radio wave spectrum, common for long-
distance communication.

Calculating the Wavelength
Using the Wave Speed

The wavelength A of an electromagnetic wave traveling in vacuum is related to
its frequency f and the wave speed c:

\[ \lambda = \frac{v}{f} \]

Since the wave 1is in vacuum:

\[ v==c=3.00 \times 1078 \text{ m/s} \]

Substitute the known values:

\[ \lambda = \frac{3.00 \times 1078}{4.774 \times 1077} \]

Calculating:

\[ \lambda \approx 6.28 \text{ meters} \]

Significance of Wavelength

- The wavelength is approximately 6.28 meters, indicating a wave suitable for
radio broadcasting or communication signals.

- Longer wavelengths like this can penetrate obstacles better and cover
longer distances.

Energy of a Photon Corresponding to the Wave

While the initial question may not directly ask for photon energy,
understanding this aspect enriches the analysis, especially in quantum
contexts.



Quantum Relation: Energy and Frequency

Photon energy (E) is related to its frequency f via Planck's constant (h):
\[ E=h f\]

Where:

- \( h \approx 6.626 \times 10™{-34} \text{ Js} \)

Substituting the frequency:

\[ E = (6.626 \times 107{-34}) \times (4.774 \times 10"7) \]

Calculating:

\[ E \approx 3.16 \times 107{-26} \text{ Joules} \]

This extremely small amount of energy per photon illustrates why
electromagnetic waves with such low frequencies (radio waves) are generally
used in communication rather than energy transfer.

Broader Context: Application and Implications
Electromagnetic Spectrum and Practical Uses

- Radio waves (from about 1073 Hz to 1079 Hz): Used in broadcasting,
communication, radar.

- Microwaves (1079 Hz to 107{12} Hz): Used in microwave ovens, satellite
communication.

- Infrared, visible, ultraviolet, X-ray, gamma-ray: Higher frequencies with
different applications.

The calculated wavelength (~6.28 meters) and frequency (~47.74 MHz) place the
wave in the radio frequency range, critical for wireless communication
technologies.

Significance of the Angular Frequency in Technology

- Signal Modulation: Variations in angular frequency allow encoding
information.

- Wave Propagation: Precise understanding of angular frequency aids in
designing antennas and transmission systems.

- Energy considerations: The energy per photon relates to the wave's
frequency, influencing how electromagnetic waves interact with matter.

Summary and Key Takeaways



- The angular frequency of 3.00 x 1078 rad/s corresponds to a frequency of
approximately 47.74 MHz.

- The wavelength associated with this wave is about 6.28 meters.

- The wave's energy per photon is roughly 3.16 x 10™{-26} Joules, emphasizing
its quantum scale.

- Understanding these parameters is vital for applications in radio
communications, wireless technology, and electromagnetic spectrum analysis.

Final Thoughts

The question about the angular frequency of an electromagnetic wave draws
attention to the fundamental relationships that govern wave behavior. By
dissecting the problem, we've navigated through the relationships between
angular frequency, regular frequency, wavelength, and energy—each a
cornerstone in the realm of physics and engineering. Whether for designing
communication systems or understanding cosmic phenomena, these principles
form the backbone of electromagnetic theory, illustrating the profound
interconnectedness of wave properties and their real-world applications.

Remember: When analyzing electromagnetic waves, always consider the
context—frequency, wavelength, speed, and energy are all interrelated, and
understanding one often helps unlock insights into the others.
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