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are four differential equations summarizing nature of
electricity and magnetism: (formulated by James
Clerk Maxwell around 1860):

(Gauss’s Law

Gauss’s Law for Magnetism

Faraday’s Law
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Ampere’s Law




(1) Electric charges generate electric fields.

(2) Magnetic field lines are closed loops; therear e no
magnetic monopoles.

(3) Currents and changing electric fields produce
magnetic fields.

(4) Changing magnetic fields produce electric field
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From Maxwell's equations one can derive another equ  ation
which has the form of a“ wave equation”.



*When the charges oscillate, so do the the electric field lines whic
send out ripples.

*The ripples can be created in the directions orthogonal to the
direction of oscillation (transverse wave).
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*When a positive charge oscillates against a negative one, the
ripples are loops of electric fields which propagate away from the
charges.




An electromagnetic wave front.

The plane representing the wave front (yellow) moves
to the right with speed c.

The E and B fields are uniform over the region behind
the wave front but are zero everywhere in front of it.




Wwave.

The total electric flux and total
magnetic flux through the surface are

both zeroms
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JE v dl =- dog /dt
1.IE-dl=-Fa (cos 90° = Q)

2. Intime df the wave front
moves to the right a distance
¢ dt. The magnetic flux
through the rectangle in the
xy-plane increases by an
amount d ®g equal to the flux
through the shaded rectangle
in the xy-plane with area ac
dt, that is,
d®g = Bac dt. So
-d®y/ dt = -Bac and

E = Bc
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Faraday’s Law
applied to a rectangle

with height 2 and
width Dx parallel

to the
xy-plane.
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[B«dl=npe,d®/d?
1.[B°dl= Ba (cos 90° = 0)

2. Intime 4t the wave front moves
to the right a distance ¢ dt. The
electric flux through the
rectangle in the xzplane
increases by an amount d @gequal
to E£times the area ac dt of the
shaded rectangle, that is,

d @c= Eac dt. Thus
d @g/ dt = Eac.
Ba =uye, Eac > B = ., Ec

and from £ = Bc and B = p, =, Ec
We must have|c = 1 / (p,e,)1/2

¢ = 3.00 (10)8m/sec
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Ampere’s Law
applied to a rectangle w

height a and width

Dx parallel to the
xz-plane.
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Gauss'’s law (electrical):

The total electric flux through any
closed surface equals the net
charge inside that surface divided
by &,

This relates an electric field to the
charge distribution that creates it

Gauss’s law (magnetism):

The total magnetic flux through
any closed surface is zero

This says the number of field lines
that enter a closed volume must
equal the number that leave that
volume

This implies the magnetic field
lines cannot begin or end at any
point

Isolated magnetic monopoles
have not been observed in nature




+0
(©)r1=Ti

Oscillating dipole
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() Coordinate system -0
(e)t=3T74

Cogpyright 8 Addison Wesley Longman, Inc.

*One cycle in the production of an electro-magnetic wave by
an oscillating electric dipole antenna.

*The red arrows represent the E field. (8 not shown.)




‘Representation of the electric and magnetic fields
in a propagating wave. One wavelength is shown at
time £=0.

‘Propagation direction is E x B.




A = spatial period or
wavelength

phase velocity

T =temporal period
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Applying Faraday to radiation
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B-df=p.c

C

.df=BAz—(B+

dd, dE

dt  dt
—dBAz=p g,
dB

— = M

dx

- dD,
° o dt

dB ) Az=—dBAz
dxAz

d—E dxAz

dt
dE

dt




Fields are M)ns of both
position (x) and time (t)

Partial derivatives
are appropriate

This is a wave
equation!




The simplest solution to the partial differenti
equations is a sinusoidal wave:

E=E_, cos (kx— wt)
B =B, cos (kx — wt)
The angular wave number is k = 2rt/A

A is the wavelength

The angular frequency is w = 2nrf

f is the wave frequency
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o°E

. :—szosin(kx—mt) ~ =—o’E, sin(kx—mt)

—k’E, sin(kx — (x)t) = —u. e o°E_sin (kx — mt)
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he speed of light




B=B, =B, sin(kx—t) E=E, =E sin(kx-ot)

iEo sin(kx — ot )= —iBo sin(kx — ot)
dx dt

E kcos(kx —mt)=B, wcos(kx —wt)

>
-
O
~—t
>
D
)
O
O
A




