Electromagnetic Fields

Plane Waves in Arbitrary Directions

For a uniform plane wave with general orientation, the direction of
propagation is identified by the propagation vector, normal to the
phase planes

E = Bxfx + Byfy + ﬁz;\z
Considering the position vector

f=x&+ya+zé
we have the scalar dot product

B-¥=(Buby+B iy + B0 ) (xi+yi,+2i)=

:Bxx+By y+Bz <
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Electromagnetic Fields

The electromagnetic fields of a plane wave propagating along a
general direction are on the phase plane perpendicular to the
propagation vector and can be written as

E(%,?)

E,cos(0t-B-F+9,)

=E, cos(mt—Bxx—Byy—Bz Z+(Po)
H(t,0)=H, cos(wt—B-f+(po)

=H, cos(oot—Bxx—Byy—Bz Z+(Po)

We have assumed propagation in a dielectric by giving the same
phase to the fields. In addition

H, = £l n=."% (dielectric)
n g
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Electromagnetic Fields

The fields are perpendicular to each other and to the propagation

vector according to the right hand rule
XI
y
- S

The propagation vector is also parallel to the Poynting vector.
E®,0)x H(¥,t) = P(f) < B
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Electromagnetic Fields

The orthogonality of the vectors can be expressed mathematically
by the following dot products

and cross products

FIOZ;BX& E i ]
n

We have
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Electromagnetic Fields

Since the propagation vector is related to the wavelength and the
phase velocity as

‘_,‘ 27'C=(D
h

for each direction corresponding to components of the propagation
vector we can define apparent wavelengths and apparent velocities
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Electromagnetic Fields

xxzz_“ xyzz’t xz:M

Bx By B,
Y S )
PTBe P, B,

The apparent quantities are related to the actual ones as

2 2
1 _p* By By Bz _1 1 1
2 42 .2 2 2 42 2 2
AT 4n”  4n”  4n” 4nt Ay A) Aj

2 2 2 2
1 B* By By B 1 1 1
2_2_2+2+2_2+2+2
v, ® QO O Q) Vix Vpy Vpz
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Electromagnetic Fields

Phase planes

N}

An apparent wavelength is greater than the actual one, since it is

measured along a direction which is not normal to the parallel
phase planes.
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Electromagnetic Fields

An apparent velocity is greater than the actual velocity since it
seemingly connects longer distances during the same time. With
reference to the previous figure

(fz—fl)va 4

—

(?3_ r ) =Vpxx i
Since

(F2-F1) < (Fa-F1) = 7 < v

The apparent velocity always exceeds the phase velocity. However,
we will see later that relativity laws are not violated.

If one considers a direction parallel to the phase planes, the
apparent velocity is even infinite!
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Electromagnetic Fields

Phasor notation

E(r,0)=E,c ((Dt Prx— Byy Bzz+(p0)
— Re {E eJ(Poe]cx)t JBxxe JByJ’e—JBzz}

phasor = E(F)= Eoej(Po o IPxx e‘JﬁyJ’ o Pzt

H(?,t):ﬁ ((Dt Bxx Byy l3zz+(p0)

phasor = H(F)= f]oej(Po o IBxX e_JByJ’ e—jB 2
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