
Atomic Structure Overview

Lecture Notes: Electromagnetic Radiation and Photoelectric Effect

Electromagnetic Radiation

Definition:

Electromagnetic radiation is a form of energy that is produced by oscillating electric and magnetic 
fields and propagates through space.

Key Concepts:

1. Wave Nature of Electromagnetic Radiation:

Wavelength ( ): The distance between successive crests of a wave.
Frequency ( ): The number of wave cycles that pass a given point per second.
Amplitude: The height of the wave crest or depth of the trough.
Speed of Light ( ):  m/s, the speed at which light travels in a vacuum.
Relationship: 

2. Electromagnetic Spectrum:

The range of all types of electromagnetic radiation.
Includes (in order of increasing frequency): radio waves, microwaves, infrared, visible light, 
ultraviolet, X-rays, and gamma rays.

3. Wave-Particle Duality:

Electromagnetic radiation exhibits both wave-like and particle-like properties.
Photons: Particles of light that carry energy.
Energy of a photon: , where  is Planck's constant ( ).

4. Quantization of Energy:

Energy is quantized, meaning it can only exist in discrete amounts or packets called quanta.

Photoelectric Effect

Definition:

The photoelectric effect is the emission of electrons from a material (usually a metal) when it 
absorbs light of sufficient energy.

Key Concepts:

λ
ν

c c = 3 × 108

c = λν

E = hν h 6.626 × 10 Js−34
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1. Observation:

When light of a certain frequency shines on a metal surface, electrons are ejected from the 
surface.
The effect demonstrates that light has particle-like properties.

2. Key Experiments:

Threshold Frequency: The minimum frequency of light required to eject electrons from a 
metal surface.
Intensity of Light: Increasing the intensity (brightness) of light increases the number of 
ejected electrons but does not increase their energy.
Frequency Dependency: The energy of ejected electrons depends on the frequency of the 
incident light, not its intensity.

3. Einstein's Explanation:

Proposed that light consists of photons.
Each photon has energy .
An electron absorbs a photon’s energy and if this energy exceeds the work function ( ) of the 
metal, the electron is ejected.
Work Function ( ): The minimum energy required to eject an electron from a metal surface.

4. Mathematical Formulation:

Kinetic Energy of Ejected Electron: 
If  is less than the threshold frequency ( ), no electrons are ejected.

5. Implications:

Provided strong evidence for the quantized nature of light and the existence of photons.
Supported the quantum theory, suggesting that energy is absorbed and emitted in discrete 
quantities.

Applications and Importance

1. Applications:

Photocells: Devices that convert light into electrical energy.
Solar Panels: Utilize the photoelectric effect to generate electricity from sunlight.
Light Sensors: Detect light levels and convert them into electrical signals.

2. Importance:

The photoelectric effect was pivotal in the development of quantum mechanics.
It demonstrated that classical wave theory could not explain certain phenomena, leading to 
the concept of wave-particle duality.

E = hν
ϕ

ϕ

KE = hν − ϕ
ν ν ​0

ϕ = hν ​0
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Summary

Electromagnetic radiation is an essential form of energy transfer through oscillating electric and 
magnetic fields.
The photoelectric effect illustrates the particle-like behavior of light, where photons with sufficient 
energy eject electrons from metal surfaces, leading to important technological applications and 
advancing our understanding of quantum mechanics.
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