
Boundary Conditions when crossing a surface charge σ (2.3.5) 

For a surface: 

 
Per Gauss’s law: 
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(the normal component of E is discontinuous) 

Now to get the tangential component, consider Stokes’ Theorem: 
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The contribution due to the endspieces vanishes leaving only the top and the bottom. 

Since the curl of E vanishes, we only can conclude: 
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(the tangential component of E is continuous) 

We can combine these conditions to read: 
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We can show that the potential is continuous across the boundary by considering a path 

that we let shrink to zero: 
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(the potential is continuous across the surface charge density) 

The gradient in V however does reflect the discontinuity: 
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This is also written as: 
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(this is called the normal derivative) 

You can write the tangential derivative as: 
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