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Maxwell’s Equations Are Complete!




Finite Capacitor
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What We Knew Way Back When

Speed of Light Finite
Ole Romer: 1676

~ Speed of Light = 3x10° m/s
Jean Delambre: 1809




What We Knew Way Back When

% B -df = puy / / J - dS = pplene
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Ampere’s Law: 1826

Library of Congress



What We Knew Way Back When

f: E - dé = - /B-dA.
Jax dt Jo.

Faraday’s Law: 1832




What We Knew Way Back When

# E-dA=0g = ©
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Gauss’'s Law: 1835




Full Version of Ampere’s Equation

Maxwell’s Equations:
1861




Maxwell’s Equations

$E-dA ="g"

$B-dA = 0
dP
§E°ds — dtB
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§B°ds = [oE, th + Holonc



EM Waves: Qualitative

What happens if | wiggle the magnetic field?

By Faraday’s Law, an electric field is induced,
proportional to the derivative of magnetic field

By Ampere’s law, this (changing) electric field
induces a magnetic field, proportional to the
derivative of the electric field

We have discovered perpetual motion!



EM Waves: Dimensionally

E*L = -B*L2/t
B*L = p e E*L?/t
L/t = characteristic velocity ¢

E/B =c=1/\u g, a.k.a. the speed of light



¢ =1/V(UE,)

Light is an electromagnetic wave!!!

Maxwell (a really smart dude) figured this out
in 1862 (a year after figuring out all the
equations)



EM Spectrum
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Electromagnetic Wave
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What Travels in a Light Wave?
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