Elementary waves:
plane, spherical
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The EM vector wave equation
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Harmonic solution in 3D: plane wave
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Plane wave propagating

propagation _
$ X direction 1=At

E(Z:O —A/
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Complex representation of 3D waves

flx,y,z,t)= Acos(zf(xcosa+ycos,6’+2003y)—a)t—¢oj

flx,v,z,t)= Acos(kxx+kyy+kzz—a)t—¢o) k. :%cosa, etc.

Py, z,8)= de'lrrirrizan) - complex representation
Ae =) complex amplitude or "phasor"
where ¢(x, y,z)=k x+k, y+k z—¢,

"Wavefront" : surface ¢(x, y, z) = const.
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Plane wave

wave-vector
k v k




a(r): AO ei(k-r—a)z)
r=xX+yy+zZ

(Cartesian coordinate vector)
K=kX+kYy+k,

Z

solves wave equation iff

@

k|=— " (dispersion relation)

C
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Plane wave

wave-vector




Plane wave

a(r) = A, gitkr—o1)
r=xX+ypy+zz

(Cartesian coordinate vector)
K=kX+kYy+kZ

constant phase condition :
K-r—mt=const.
= wave-frontis a plane

k

y

"wavefront™:
surface described by
K -r =const.

e
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Plane wave propagating

plane Kk-r =const.
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Plane wave propagating

» x plane k-r=const. 1=At
e propagation
) direction

y
1 .-K wave-vector
R ‘ direction
e N S R R E(=312A1)
d=0 L = B
=2 7
d=4x
d=6m
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Spherical wave

equation of wavefront
kR — wt = constant

!

cos(kR -t + 7 12)
R

exponential
notation

,.-";Outgoing e (kR — 3t
rays CI(X,y,Z,Xi:A Xp{l(iR %{)}

a(x1y;Z,t)=A

“point” \ ‘..,'
source

ﬂ paraxial
approximation
Outgoing
wavefronts y : 2, y2
a(x,y,z) = —exXpy 27— +ix ———
IR A 1z

MIT 2.71/2.710
10/17/05 wk7-a-11



Spherical wave
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exact

spherical wavefronts

“point”
source

parabolic wavefronts

paraxial approximation/
/Gaussian beams



The role of lenses

spherical wave plane wave
(divergent) >
“point”\ R
source R
plane wave spherical wave

v

(convergent)

x .
“point”
image

v

v

v

v
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The role of lenses

spherical waye plane wave
(divergent)* S S :

v

v

“point”
source

v

v

v

plane wave / spherical wave
S— : __: (convergent)

v

v

v

“point”
image

v

v
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Polarization
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Propagation and polarization

Inisotropic media
A planar wavefront
(e.g.free space, X
K -r =const.

amorphous glass, etc.)

k-E=0
e KLE electric field vector E
More generally,
k-D=0

(reminder: in
anisotropic media,
e.g.crystals, one
could have

E not parallel to D)

wave-vector k

v
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Linear polarization (frozen time)
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Linear polarization (fixed space)
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Circular polarization (frozen time)
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Circular polarization:
linear components
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Circular polarization (fixed space)
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A4 plate

<71\

~

Linear
polarization

Circular

birefringent polarization
M4 plate
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A2 plate

|

Linear (90°-rotated)

birefringent polarization
A2 plate

Linear
polarization
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Think about that

birefringent mirror
M4 plate
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Relationship between E and B

VxE = _%B where E =XE, gilkr=or)

ot
<
Q — Vx=ikx and 2E—ia)
ot
:>B:£k><E
a

Vectors k, E, B form a
right-handed triad.

Note: free space or isotropic media only
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