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* The images and the pictures in this lecture
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McGraw-Hill, 2011.
2. Principles of Physics, Halliday, Resnick,
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Maxwell’s Equations*

Maxwell’s equations

Name

Gauss’ law for electricity

Gauss’ law for magnetism

Faraday’s law

Ampere—Maxwell law

Equation
§ E . dZ = qcnc/s()
§ B-dA=0
— (I(I)B
E-ds = —
é ’ dt
= dd,
§ B -ds= :u'US()—F + Molenc
dt

Relates net electric flux to net enclosed electric charge

Relates net magnetic flux to net enclosed magnetic charge

Relates induced electric field to changing magnetic flux

Relates induced magnetic field to changing electric flux
and to current

“Written on the assumption that no dielectric or magnetic materials are present.



Magnetism and electrons

Orbital magnetic dipole moment
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Non-uniform magnetic

field
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dF = idl X B




Spin magnetic dipole moment /i, = ~°3
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Magnetic material

* diamagnetism: induced magnetic dipole
moment in external magnetic field

* paramagnetism: permanent magnetic
dipole moments distributed randomly

 ferromagnetism: permanent magnetic
dipole moment aligned in one direction



Magnetic properties
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A71 & -9 A ferromagnetism

In bulk material
the domains
usually cancel,
leaving the
material
unmagnetized.
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Extermnally
applied

magnetic field, |

Iron will become magnetized in the
direction of any applied magnetic
field. This magnetization will produce
a magnetic pole in the iron opposite to
that pole which is nearest to
it, =0 the iron will be attracted
to either pole of a magnet,




Maxwell’s equations

Electromagnetic wave

%E CdA — q equation
E(t)=E_ sin(kx—wt)
B(t) =B, sin(kx—wt)

7{ E - ds = _d(}j Electromagnetic waves —>light

dt
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Spectrum of EM waves
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Velocity of EM waves in vacuum
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Properties of EM waves

1. The EM fields oscillate orthogonal to the
propagation. (transverse wave)

2. Electric fields are orthogonal to magnetic fields
3. ExB is the direction of the EM waves.

4. EM fields oscillate with the same frequency and
the same phase.
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Picture of propagating EM waves

Electric field
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Propagation
direction

E = E, sin(kr —wt), B= By,sin(kx —wt)




t=At

EM wave and Maxwell eq. : wave equation

y=1(x)

y = f(X—AX)

AX

y(x,t) = f(x—vt)
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y(x,t) =y, sin(kx—wt)




Electromagnetic wave and Maxwell’s equations

E(x,t) = E_ sin(kx—wt)
B(x,t) = B, sin(kx—wt)




EM waves and Maxwell’s equations
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E is in purple; B is in green.
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X Faraday’s law
|
|
|

I &
P

l_3> L
S dB
j{E“dSZ (EF+dE)h — Fh = hdE hdF = —thCE
ddp dB dF dB
o =B > — _— - =
B hdzx o hdzx 7 - gy

ok 0B OF
or o e kE,, cos(kx — wt)

0B
— = —wB,, cos(kx — wt)

ot o
B

\
4




