
Q1. Production of Electromagnetic Radiation   

Electromagnetic radiation (EMR) is produced when charged particles, such as 

electrons, are accelerated or decelerated. This process results in the generation 

of energy in the form of electromagnetic waves that travel through space. The 

production of EMR can occur through various mechanisms, each with its own 

characteristics and applications. The most common processes include: 

acceleration of charged particles, atomic and molecular transitions, and thermal 

radiation.   

1. Acceleration of Charged Particles:  

             When charged particles, such as electrons, accelerate or 

decelerate, they disturb the electromagnetic field around them, which 

results in the emission of electromagnetic radiation.   

The key methods include:   

a. Electromagnetic Radiation from Accelerating Electrons When an electron 

moves through space and accelerates (e.g., in an electric field or due to 

external forces), it generates a disturbance in the electric and magnetic 

fields. This disturbance propagates outward as electromagnetic radiation.   

Example: In radio transmitters, alternating current accelerates electrons back 

and forth in an antenna, producing radio waves.   

Applications: Radio transmission, particle accelerators (e.g., synchrotrons), and 

broadcasting.   

b. Bremsstrahlung Radiation (Braking Radiation) When high-energy electrons 

are decelerated by the electromagnetic field of atomic nuclei, they lose kinetic 

energy, which is emitted as electromagnetic radiation, typically in the X-ray or 

gamma-ray regions.  

                  Example: In X-ray tubes, electrons are accelerated and then                        

suddenly decelerated upon hitting a target, emitting X-rays.   

Applications: X-ray production in medical imaging, high-energy physics 

experiments.   



2. Atomic and Molecular Transitions Electromagnetic radiation is also 

produced when atoms or molecules undergo transitions between different 

energy states. These transitions can be caused by changes in the energy 

levels of electrons within atoms or by molecular vibrations and rotations.   

a. Electron Transitions in Atoms In atoms, electrons occupy specific 

energy levels. When electrons absorb energy (e.g., from heat or photons), 

they may jump to a higher energy level. When they fall back to a lower 

energy level, they release the excess energy in the form of electromagnetic 

radiation. This is often seen in the visible and ultraviolet (UV) spectra.  

Example: Fluorescence and phosphorescence occur when electrons 

transition between energy levels in atoms.   

Applications: Lasers, neon signs, and atomic spectroscopy.   

b. Molecular Vibrations and Rotations In molecules, electromagnetic 

radiation is often produced when atoms vibrate or rotate within a 

molecule. These transitions typically occur in the infrared (IR) and 

microwave regions.   

Example: The vibrational modes of molecules, like those in carbon 

dioxide (CO₂), produce infrared radiation when they vibrate.   

Applications: Infrared spectroscopy, microwave ovens, and thermal 

radiation.   

c. Spontaneous and Stimulated Emission (Laser Production) 

Electromagnetic radiation is also produced in lasers through processes 

called spontaneous emission (where an electron in a higher energy state 

naturally decays to a lower energy state, emitting a photon) and 

stimulated emission (where an external photon causes an electron to 

decay and release a photon of the same energy).   

Example: Lasers that produce highly coherent light, like in CD players or 

medical lasers.   



Applications: Communication systems, barcode scanners, medical 

devices, and entertainment (laser light shows).   

3. Thermal Radiation Any object with a temperature above absolute 

zero emits electromagnetic radiation in the form of thermal radiation. The 

type of radiation emitted depends on the object's temperature.   

a. Blackbody Radiation A blackbody is an idealized object that absorbs 

all incident radiation and emits electromagnetic radiation in a spectrum 

that depends only on its temperature. This radiation spans the infrared to 

visible spectrum as the temperature increases.   

Example: The Sun emits a spectrum of electromagnetic radiation due to 

its high temperature (~5,500°C).  

Applications: The study of blackbody radiation led to the development 

of Planck's law and Wien's displacement law, which are fundamental to 

understanding the radiation emitted by objects in various industries, 

including the study of stellar bodies.  

4. Radiation Due to Accelerating Charges in External Fields Electromagnetic 

radiation can also be produced by the interaction of charged particles with 

external electromagnetic fields.  

a. Transition Radiation This occurs when charged particles move through a 

boundary between two different materials. The acceleration of the particles at 

the boundary generates radiation.   

Example: The production of transition radiation in particle detectors.  

Applications: Particle physics, accelerator physics.  

5. Non-Linear Optical Effects (Second Harmonic Generation, etc.) When 

high-intensity electromagnetic radiation interacts with nonlinear optical 

materials, it can produce electromagnetic radiation at different frequencies. This 

can occur due to processes like second harmonic generation (SHG), where two 

photons combine to form a new photon with double the frequency (half the 

wavelength).   



Example: Using a laser to generate ultraviolet light from an infrared source 

through second harmonic generation in crystals.  

Applications: Laser technology, high-resolution spectroscopy, and nonlinear 

optics.  

Q2. Properties of Electromagnetic Radiation Electromagnetic radiation is a 

form of energy propagated in the form of electromagnetic waves. The important 

properties are given below:  

1. Electromagnetic radiation consists of time varying electric field and magnetic 

field, which are mutually perpendicular to each other and also perpendicular to 

the direction of propagation.  

2. Electromagnetic waves are transverse in nature and hence they can exhibit 

polarization.  

3. Electromagnetic radiation does not require any material medium for its 

propagation and can travel through vacuum.  

4. All electromagnetic waves propagate in vacuum with the same velocity, 

known as the velocity of light, C=3 x 108 m/s  

5. In a material medium, the velocity of electromagnetic radiation depends on 

the refractive index of the medium and is less than that in vacuum.  

6. The electric field intensity E and magnetic field intensity B are related by  

E = cB  

7. Electromagnetic radiation carries energy and momentum, and the flow of 

energy is given by the Poynting vector.  

8. Electromagnetic waves exert radiation pressure when incident on a surface 

due to the transfer of momentum.  

9.  Electromagnetic radiation exhibits wave–particle duality.  

10.  The energy of a photon is directly proportional to its frequency and is given 

by E = hν  



11.  Electromagnetic radiation covers a wide range of wavelengths and 

frequencies called the electromagnetic spectrum, extending from radio waves to 

gamma rays.  

12.  Electromagnetic radiation can undergo reflection, refraction, diffraction, 

interference and scattering.  

13.  High-frequency electromagnetic radiation such as X-rays and gamma rays 

has ionizing power.  

Q3. Classification of Electromagnetic Radiation Electromagnetic radiation 

consists of oscillating electric and magnetic fields which propagate through free 

space with the velocity of light. Based on wavelength (λ), frequency (ν), and 

energy, electromagnetic radiation is classified into different regions forming the 

electromagnetic spectrum. Electromagnetic Spectrum The electromagnetic 

spectrum is the complete range of electromagnetic waves arranged in order of 

increasing frequency or decreasing wavelength. Electromagnetic radiation is 

classified as follows:  

1.Radio Waves Wavelength: > 1 m Frequency: < 3 × 10⁸ Hz  

Characteristics: Longest wavelength Lowest frequency and energy 

Applications: Radio broadcasting Television transmission Wireless 

communication  

2.Microwaves Wavelength: 1 mm to 1 m Frequency: 3 × 10⁸ to 3 × 10¹¹ Hz 

Characteristics: Can penetrate clouds and fog  

Applications: RADAR Satellite communication Microwave ovens  

3.Infrared Rays (IR) Wavelength: 700 nm to 1 mm Frequency: 3 × 10¹¹ to 4 × 

10¹⁴ Hz  

Characteristics: Emitted by hot bodies Produces heating effect  

Applications: Thermal imaging Night vision devices Remote controls 

4.Visible Light Wavelength: 400 nm to 700 nm Frequency: 4 × 10¹⁴ to 7.5 × 

10¹⁴ Hz  



Characteristics: Only part of the spectrum visible to human eye Consists of 

seven colours (VIBGYOR)  

Applications: Vision Optical instruments Photography  

5. Ultraviolet Rays (UV) Wavelength: 10 nm to 400 nm Frequency: 7.5 × 10¹⁴ 

to 3 × 10¹⁶ Hz  

Characteristics: Higher energy than visible light Causes fluorescence 

Applications: Sterilization Detection of forged currency Medical diagnostics  

6. X-Rays Wavelength: 0.01 nm to 10 nm Frequency: 3 × 10¹⁶ to 3 × 10¹⁹ Hz 

Characteristics: High penetrating power Ionizing radiation  

Applications: Medical imaging Crystal structure analysis Industrial 

radiography  

7. Gamma Rays Wavelength: < 0.01 nm Frequency: > 3 × 10¹⁹ Hz  

Characteristics: Shortest wavelength Highest energy Highly penetrating  

Applications: Cancer treatment (radiotherapy) Nuclear research Sterilization of 

medical equipment 


