Charge Density

Charge density refers to the amount of electric charge per unit volume, area, or length in a given
region. It is a key concept in electromagnetism and is used to describe how charge is distributed in
space. Here are the main types of charge density:

1. Volume Charge Density (p)

Definition: The amount of electric charge per unit volume.
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p = volume charge density (C/m?)

O = total charge (Coulombs, C)

V' = volume (m3)

Formula: p

Example: Charge distribution in a charged sphere or a cloud of charged particles.
2. Surface Charge Density (o)
Definition: The amount of electric charge per unit area on a surface.

Formula: 0 = %

o = surface charge density (C/m?)

O = total charge (C)

A = surface area (m?)

Example: Charge distribution on the surface of a conductor or a charged plate.
3. Linear Charge Density (A)

Definition: The amount of electric charge per unit length along a line.

Formula: A = %

A = linear charge density (C/m)

O = total charge (C)

L = length (m)

Example: Charge distribution along a thin wire or a charged rod.

4. Point Charge

Definition: A theoretical model where charge is concentrated at a single point in space.

Charge Density: For a point charge, the charge density is infinite at the point and zero elsewhere,
often represented using the Dirac delta function (J) in three dimensions:

p(r) =g o(r —ro)

q = charge of the point particle

Iy = position of the point charge.

5. Charge Density in Materials

Free Charge Density: The charge density due to free charges (e.g., electrons in a conductor).
Bound Charge Density: The charge density due to polarization in dielectric materials (e.g., induced
dipoles).

6. Charge Density in Quantum Mechanics

Electron Charge Density: The probability distribution of electrons in an atom or molecule, often used
to describe chemical bonding and molecular structure.
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Charge Density


Formula: p(r) = —e|y(r)|?

p(r) = electron charge density at position r
e = elementary charge

w(r) = wavefunction of the electron.

Applications of Charge Density
Electrostatics: Calculating electric fields and potentials due to charge distributions.

Solid-State Physics: Describing charge distributions in crystals and semiconductors.
Chemistry: Analyzing electron distributions in molecules and chemical reactions.
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