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Beispiel: Magnetisches Dipolmoment einer elektrischen Stromschleife
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MS Fields – Magnetic Dipole Moment of an Electric Current Loop / 
MS-Felder – Magnetisches Dipolmoment einer elektrischen Stromschleife
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MS Fields – Magnetic Dipole Moment of an Electric Current Loop / 
MS-Felder – Magnetisches Dipolmoment einer elektrischen Stromschleife
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MS Fields – Magnetic Dipole Moment of an Electric Current Loop / 
MS-Felder – Magnetisches Dipolmoment einer elektrischen Stromschleife
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MS Fields – Magnetic Dipole Moment of an Electric Current Loop / 
MS-Felder – Magnetisches Dipolmoment einer elektrischen Stromschleife
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MS Fields – Magnetic Dipole Moment of an Electric Current Loop / 
MS-Felder – Magnetisches Dipolmoment einer elektrischen Stromschleife
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ES and MS Fields – Electric and Magnetic Dipole Moment / 
ES- und MS-Felder – Elektrisches und Magnetisches Dipolmoment
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MS Fields – Magnetic Polarization of Materials / 
MS-Felder – Magnetische Polarisation von Materialien
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MS Fields – Relative Permeability / 
MS-Felder – Relative Permeabilität
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Electromagnetic (EM) Fields – Classification / 
Elektromagnetische (EM) Felder - Klassifikation
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EM Fields – EM Wave – Radar Systems / 
EM Felder – EM-Wellen – Radar-Systeme
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EM Fields – EM Waves – Doppler Radar Systems / 
EM Felder – EM-Wellen – Doppler Radar-Systeme
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EM Fields – EM Waves – Satellite Communication / 
EM Felder – EM-Wellen– Satellitenkommunikation
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EM Fields – EM Waves – Elementary EM Waves / 
EM Felder – EM-Wellen – Elementare EM-Wellen
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EM Fields – EM Waves – Antenna Systems / 
EM Felder – EM-Wellen - Antennensysteme
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EM Fields – EM Waves – Antennas / 
EM Felder – EM Wellen - Antennen
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EM Fields – EM Waves – Guided EM Waves / 
EM Felder – EM-Wellen – Geführte EM-Wellen
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EM Fields – Maxwell’s Equations – Vector Wave Equation / 
EM Felder – Maxwellsche Gleichungen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Vector Wave Equation / 
EM Felder – EM-Wellen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Vector Wave Equation / 
EM Felder – EM-Wellen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Vector Wave Equation / 
EM Felder – EM-Wellen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Vector Wave Equation / 
EM Felder – EM-Wellen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Vector Wave Equation / 
EM Felder – EM-Wellen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Vector Wave Equation / 
EM Felder – EM-Wellen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Vector Wave Equation / 
EM Felder – EM-Wellen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Vector Wave Equation / 
EM Felder – EM-Wellen – Vektorielle Wellengleichung
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EM Fields – EM Waves – Homogeneous Vector Wave Equation / 
EM Felder – EM-Wellen – Homogene vektorielle Wellengleichung
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Homogeneous Vector Wave Equations /
Homogene vektorielle Wellengleichungen

D’Alembert Operator /
D‘Alembert-Operator
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EM Fields – Homogeneous Vector Wave Equation – Fourier Transform / 
EM-Felder – Homogene vektorielle Wellengleichung – Fourier-Transformation
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EM Fields – Fourier Transform / 
EM-Felder – Fourier-Transformation
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EM Fields – Homogeneous Vector Helmholtz Equation / 
EM-Felder – Homogene vektorielle Helmholtz-Gleichung
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EM Fields – Homogeneous Vector Helmholtz Equation – Plane Wave / 
EM-Felder – Homogene vektorielle Helmholtz-Gleichung – Ebene Welle 
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Homogeneous Vector Helmholtz Equation / 
Homogene vektorielle Helmholtz-Gleichung

Elementary Solution of the Homogeneous Vector Helmholtz Equation: Plane Wave  / 
Elementare Lösung der homogenen vektoriellen Helmholtz-Gleichung: Ebene Welle
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Plane Wave: Because the Phase is
Constant on a Plane! / 

Ebene Welle: Weil die Phase auf einer
Ebene konstant ist.
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EM Fields – Plane Wave / 
EM-Felder – Ebene Welle
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Example: Plane Wave Propagating in Positive z Direction / 
Beispiel: ebene Welle, die sich in positive z Richtung ausbreitet

k̂ ez=

R

z= =k Ri const.

Plane of constant phase /
Ebene konstanter Phase

j
0( , ) ( , ) e kzω ω=E R E k

Plane Wave: Because the Phase is Constant on a Plane! / 
Ebene Welle: Weil die Phase auf einer Ebene konstant ist.
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x
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EM Fields – Plane Wave / 
EM-Felder – Ebene Welle

Wave Vector of a Plane Wave in the Frequency Domain 
Propagating in Positive z Direction / 

Wellenvektor für eine ebene Welle im Frequenzbereich, 
die sich in positive z-Richtung ausbreitet
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Two-Dimensional Wave /
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EM Fields – 3-D and 1-D Plane EM Wave – Frequency and Time Domain / 
EM-Felder – 3D und 1D ebene EM-Welle – Frequenz- und Zeitbereich
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EM Fields – 1-D Plane EM Wave / 
EM-Felder – 1D ebene EM-Welle
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Plane Wave Propagating in Positive z Direction / 
Ebene Welle, die sich in positive z Richtung ausbreitet k k ezk k= =

/ ( , ) ( , )

/ ( , )    ( , )

( , ) 0

( , ) 0

B R ×E R

D R ×H R

B R

D R

t t t

t t t

t

t

∂ ∂ = −∇

∂ ∂ = ∇

∇ =

∇ =

i

i

( , )   j ( , )
( , ) j ( , )
( , ) 0
( , ) 0

× E R B R
× H R D R

D R
B R

ω ω ω
ω ω ω
ω
ω

∇ =
∇ = −
∇ =
∇ =
i
i

Maxwell’s Equations in the Time Domain for 
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EM Fields – 1-D Plane EM Wave / 
EM-Felder – 1D ebene EM-Welle
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Plane Wave Propagating in Positive z Direction / 
Ebene Welle, die sich in positive z Richtung ausbreitet k k ezk k= =

( )

( )

j j
0 0

j
0

j
0

j
0

1( , ) e ( , ) e ( , )
j

1 e ( , )
j

1 j e ( , )
j

( , )e

( , )

kz kz

kz

kz
z

kz

k

k

k

ω ω ω
ω

ω
ω

ω
ω

ω
ω

ω
ω

=

=

 
 = ∇ + ∇
 
  

= ∇

=

=

=

0

k

B R × E k × E k

× E k

e × E k

k × E k

k × E R

j

j j

j j j

0 0 j e

j

j

e e

e e e

j e

j e

kz

kz kz
x y z

kz kz kz
x y z

k

kz
z

kz

x y z

x y z

k

k

= =

=

 ∂ ∂ ∂
∇ = + + ∂ ∂ ∂ 

 
 ∂ ∂ ∂ = + +

∂ ∂ ∂ 
 
 

=

=

k

e e e

e e e

e

k

( , ) ( , )kω ω
ω

=B R k × E R



38

Dr. R. Marklein - EFT I - SS 2003 38

EM Fields – 1-D Plane EM-Wave / 
EM-Felder – 1D ebene EM-Welle
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Wave Impedance of Free Space (Vacuum) / 
Wellenimpedanz des Freiraumes (Vakuum)

Wave Admittance of Free Space (Vacuum) / 
Wellenadmittanz des Freiraumes (Vakuum)
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EM Fields – 1-D Plane EM Wave / 
EM-Felder – 1D ebene EM-Welle
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ω ω= ⊥E k k E k ki

Homogeneous Vector Wave Equation →
Proof: The Divergence of a Plane Wave must be Zero / 

Homogene vektorielle Wellengleichung →
Beweis: Die Divergenz einer ebenen Wellen muss null sein
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The Divergence of a Plane Wave is Zero, if the Field is 
Perpendicular to the Propagation Direction! / 

Die Divergenz einer ebenen Wellen ist null, wenn das Feld
senkrecht auf der Ausbreitungsrichtung steht!
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EM Fields – 1-D Plane EM Wave – TEM Wave / 
EM-Felder – 1D ebene EM-Welle – TEM-Welle

00 0( , ) ( ) ( ) xEω ω ω= =E k E e

Example: Linear Polarized in x Direction / 
Beispiel: Linear polarisiert in x Richtung
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EM Fields – Plane Wave – Energy Flow – Poynting Vector / 
EM-Felder – Ebene Welle – Energiefluss – Poynting-Vektor
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EM Fields – 1-D Plane EM Wave – TEM Wave / 
EM-Felder – 1D ebene EM-Welle – TEM-Welle
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EM Fields – Plane Wave – Theory – Frequency and Time Domain / 
EM-Felder – Ebene Welle – Theorie – Frequenz- und Zeitbereich
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EM Fields – 1-D Plane EM Wave – Frequency and Time Domain / 
EM-Felder – 1D ebene EM-Welle – Frequenz- und Zeitbereich
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EM Fields – Complex Monochromatic Plane Wave / 
EM-Felder – Komplexe monochromatische Ebene Welle
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2-D TM FDTD – Diffraction on a Single Slit /
2D-TM-FDTD – Beugung an einem Spalt



47

Dr. R. Marklein - EFT I - SS 2003 47

2-D TM FDTD – Diffraction on a Single Slit /
2D-TM-FDTD – Beugung am Spalt

Wave field movie of the Hx field 
component / Wellenfeldfilm der

Hx-Feldkomponente

Wave field movie of the Hz field 
component / Wellenfeldfilm der

Hz-Feldkomponente

Wave field movie of the Ey field 
component / Wellenfeldfilm der

Ey-Feldkomponente
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2-D TM FDTD – Diffraction on a Double Slit /
2D-TM-FDTD – Beugung am Doppelspalt
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2-D TM FDTD – Diffraction on a Double Slit /
2D-TM-FDTD – Beugung am Doppelspalt

Wave field movie of the Hx field 
component / Wellenfeldfilm der

Hx-Feldkomponente

Wave field movie of the Hz field 
component / Wellenfeldfilm der

Hz-Feldkomponente

Wave field movie of the Ey field 
component / Wellenfeldfilm der

Ey-Feldkomponente
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Photonic Crystals /
Photonische Kristalle

Joannopoulos, J. D., 
R. D. Meade, 
J. N. Winn:

Photonic Crystals –
Molding the Flow of 

Light. 
Princeton University 

Press, Princeton, 1995.

Johnson, S. G.: 
Photonic Crystals: The 
Road from Theory to 

Practice. 
Kluwer Academic 

Press, 2001.

Links:

Photonic Crystals Research at MIT
Homepage of Prof. Sajeev John, University of Toronto, Canada
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2-D TM FDTD – Photonic Crystals /
2D-TM-FDTD – Photonische Kristalle
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2-D TM FDTD – Photonic Crystals /
2D-TM-FDTD – Photonische Kristalle

Wave field movie of the Hx field 
component / Wellenfeldfilm der

Hx-Feldkomponente

Wave field movie of the Hz field 
component / Wellenfeldfilm der

Hz-Feldkomponente

Wave field movie of the Ey field 
component / Wellenfeldfilm der

Ey-Feldkomponente
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2-D TM FDTD – Photonic Crystals /
2D-TM-FDTD – Photonische Kristalle

Wave field movie of the Hx field 
component / Wellenfeldfilm der

Hx-Feldkomponente

Wave field movie of the Hz field 
component / Wellenfeldfilm der

Hz-Feldkomponente

Wave field movie of the Ey field 
component / Wellenfeldfilm der

Ey-Feldkomponente
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End of the 12th Lecture /
Ende der 12. Vorlesung


