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Transitioning from discrete point charges to macroscopic
charge densities to prepare for Gauss's Law.



The Zoom-0Out Effect

Microscopic View (Discrete)
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Charge is quantised (g = ne). For a few charges,
we calculate interactions using vector addition
and the superposition principle.

Impractical for macroscopic objects containing 10'3+ electrons.
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Macroscopic View (Continuous)

The “grainy” nature of electrons is lost at scale.
Charge is treated as a continuous fluid spreading
over a line, area, or volume.

Why do we need this? To replace complex, impossible algebraic summations (Y) with smooth calculus integration ( f )%
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Linear Charge Density

Charge spread along a 1-Dimensional curve or line.

Symbol Unit
A (Lambda)  C/m (Coulombs per meter)

Use Cases: Thin straight wires, charged

circular rings.
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You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.
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Surface Charge Density

Charge spread across a 2-Dimensional area.

Symbol Unit

| o (Sigma)  C/m? (Coulombs per square meter)
Contains charge AQ

Use Cases: Infinite plane sheets, surfaces of
conducting metal spheres.
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Volume Charge Density a

Charge distributed throughout a 3-Dimensional space.

Symbol
p (Rho) C/m? (Coulombs per cubic meter])

Use Cases: Non-conducting solid spheres,
thick dielectric slabs.




Key Takeaway: The Bridge to Gauss's Law A
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Continuous charge distributions allow us to mathematically define “charge enclosed”

inside any Gaussian surface using integration:

Qencl = f Adl Qencl = / odS Qencl — / P aV

Identify the correct density for each scenario:

Charge on the outer skin Charge uniformly packed Charge distributed over a
of a metal sphere. Inside a plastic sphere. thin nylon thread.
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- NEXT: Gauss's Law (Section 1.13)
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You've Learned
the Theory.
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