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Lecture Notes: Electron Emission

Electron emission is the process by which electrons are released from the surface of a material. This
occurs when the energy supplied to the electrons overcomes the work function of the material (the
minimum energy required to remove an electron from the surface). Below are the detailed processes
and types:

1. Process of Electron Emission

Work Function (Φ):
The minimum energy required to free an electron from the surface of a material.
Depends on the material and the state of its surface.

Energy Source:
Electrons require external energy to overcome the work function, supplied in the form of
heat, light, or an electric field.

2. Types of Electron Emission

a) Thermionic Emission

Mechanism:
Occurs when a material is heated to a high temperature.
Thermal energy excites the electrons, allowing them to escape the material's surface.

Key Features:
Commonly occurs in metals and some semiconductors.
The emission rate depends on the temperature and material's work function.

Applications:
Vacuum tubes, cathode ray tubes (CRTs), and electron guns in oscilloscopes.

b) Photoelectric Emission

Mechanism:
Electrons are emitted from a material's surface when it absorbs light (photons) with energy
greater than the work function.
Governed by Einstein’s photoelectric equation:

where:
: Energy of the incident photon.

: Work function of the material.
: Kinetic energy of the emitted electron.

Key Features:
Dependent on the frequency of incident light.

hν = Φ+K.E.

hν

Φ
K.E.
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Higher intensity light increases the number of emitted electrons but not their kinetic energy.
Applications:

Solar cells, photoelectric sensors, and photomultiplier tubes.

c) Field Emission

Mechanism:
High electric fields near the material’s surface pull electrons out.
The strong electric field reduces the potential barrier, enabling quantum tunneling of
electrons.

Key Features:
Occurs at room temperature under a sufficiently strong electric field.
Requires an electric field of the order .

Applications:
Field emission microscopes and flat-panel displays (e.g., field emission displays).

Comparison of Types

Type Energy Source Key Condition Common Applications

Thermionic Heat High temperature Vacuum tubes, CRTs

Photoelectric Light (photons) Photon energy > Work function Solar cells, photomultipliers

Field Emission Electric Field Strong electric field Field emission displays, microscopy

Conclusion

Electron emission is foundational in many modern technologies, from television screens to advanced
microscopy. Each type of emission leverages a different mechanism to release electrons, tailored for
specific applications. Understanding these processes is crucial in designing devices that utilize electron
emission efficiently.

Let me know if you need detailed derivations or applications for specific types of electron emission.
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