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3. Spectrum of Electromagnetic Waves

Electromagnetic waves span a broad range of frequencies and wavelengths, collectively
known as the electromagnetic spectrum. The spectrum is typically divided into the following
regions:

Radio Waves: Longest wavelength, lowest frequency. Used in communication
systems such as radio, television, and mobile phones.

Microwaves: Shorter wavelength than radio waves, used in radar, satellite
communications, and microwave ovens.

Infrared (IR) Radiation: Associated with heat and used in remote controls, thermal
imaging, and night-vision equipment.

Visible Light: The only part of the spectrum visible to the human eye. It ranges from
violet (shortest wavelength) to red (longest wavelength).

Ultraviolet (UV) Radiation: Higher energy than visible light, responsible for
sunburns and used in sterilization.

X-rays: High energy, used in medical imaging and security scanning.

Gamma Rays: Highest energy and shortest wavelength, produced by nuclear
reactions and certain radioactive decay processes.

The frequency (f) and wavelength (A) of EMWs are related by the equation:

c=fA

where cc is the speed of light.

4. Properties of EMWs in Free Space

Electromagnetic waves in free space exhibit several key properties:

Reflection: EMWs can bounce off surfaces, leading to phenomena such as echoes and
mirror reflections.

Refraction: When entering a different medium, the speed and wavelength of EMWs
change, causing them to bend. This explains phenomena like the bending of light
through a glass prism.

Diffraction: EMWs can bend around obstacles and spread out after passing through
narrow slits, demonstrating wave-like behavior.

Interference: When two or more EMWs overlap, they can constructively or
destructively interfere, leading to patterns of bright and dark fringes.

Polarization: EMWs can oscillate in a specific plane, leading to polarized light,
which is utilized in sunglasses and optical filters.



5. Mathematical Representation and Maxwell's Equations

Maxwell's equations govern the behavior of electromagnetic waves. In free space, they are
expressed as:

1. Gauss's Law for Electric Fields:

V-E=0
Gauss's Law for Magnetic Fields:
V-B =0
3. Faraday's Law of Induction:
VXE=— 0_B
Jat
4. Ampere-Maxwell Law:
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where:
e 10 is the permeability of free space.
o €0 is the permittivity of free space.

These equations predict the propagation of electromagnetic waves at the speed of light in free
space.

6. Applications of Electromagnetic Waves

Electromagnetic waves are essential in modern technology and everyday life. Some key
applications include:

o Communication: Radio waves and microwaves are used in broadcasting, satellite
communication, Wi-Fi, and mobile networks.

e Medical Imaging: X-rays and gamma rays are used in medical diagnostics, such as
X-ray imaging and cancer treatment.

¢ Remote Sensing and Radar: EMWs are used in weather forecasting, navigation, and
military surveillance.

e Energy Transfer: Infrared radiation is used in heating systems, while microwaves are
used in microwave ovens.

e Optics and Lasers: Visible light and UV rays are employed in optical instruments,
laser surgery, and data storage.



