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Static Maxwell equations
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Left two equations describe electrostatics.
Right two equations describe magnetostatics.

In the static case, E and B do not appear together in any
Maxwell equation.

In the static case, electricity and magnetism are separate
subjects.



Electrostatic Maxwell equations
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» Top equation is Gauss's law.

» Bottom equation is Kirchhoff's law, the static version of
Faraday's law.



Coulomb’s law is the solution to Gauss's law and
Kirchhoff's law.

then




Electric field produced by a point particle

» Point particle has charge g, located at .
» Field point is 7, where we want to know the electric field.
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Electric field produced by a point particle at the origin




Electric field produced by a point particle at the source
point XX + y'y + Z'2
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Electric field produced by multiple particles

» Point particle i has charge g;, located at r/.

» Field point is 7, where we want to know the electric field.
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A little bit of charge produces a little bit of field.

> A little bit of charge dq is located at r.

» Field point is 7, where we want to know the electric field.
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Charge Distributions

Charge distribution Dimensionality Symbol Sl unit
Point charge 0 q, @ C
Linear charge density 1 A C/m
Surface charge density 2 o C/m?
Volume charge density 3 P C/m3



Electric field produced by a line charge

» Charge is distribu;ced an_rJg a curve C. The linear charge
density at point r’ is A(r').

> A little bit of charge located at ' is dg = A(r') d?'.

» Field point is 7, where we want to know the electric field.
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» This is a vector line integral.



Electric field produced by a surface charge

» Charge is distribu;ced across a surface S. The surface charge
density at point r’ is o(r’).

> A little bit of charge located at r' is dg = o(r') da’.

» Field point is 7, where we want to know the electric field.
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> This is a vector surface integral.



Electric field produced by a volume charge

» Charge is distributed thrgughou_‘g a volume V. The volume
charge density at point r’ is p(r’).

> A little bit of charge located at ' is dq = p(r') d7'.

» Field point is 7, where we want to know the electric field.
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» This is a vector volume integral.



Integrals needed to calculate electric field

notation inputs output
Jcfdl | scalar field | curve | scalar
fC F dt | vector field | curve | vector
fc F - dl | vector field | curve | scalar
Jsfda | scalar field | surface | scalar
Js F da | vector field | surface | vector
Js F-da | vector field | surface | scalar
fv fdv | scalar field | volume | scalar
Jy Fdv | vector field | volume | vector

> Integrals in red are the ones required to calculate electric field.



