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Electromagnetic optics – Saleh & Teich Chapter 5
A more advanced reference:
J.D. Jackson, Classical electrodynamics, 3rd Ed. (John Wiley, New York, 1999)

James Clerk Maxwell
(1831-1879)
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• Maxwell’s equations are valid over the entire electromagnetic spectrum:

The electromagnetic spectrum
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Wavelength/frequency units

• Over the years, each field of physics/engineering/chemistry has developed its 
favourite units for the  wavelength/energy of radiation:
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Maxwell’s equations (in MKSA units)

• Ingredients:

• Maxwell's equations:
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Maxwell’s equations without sources

• This is the form generally used in optics

• The electric and magnetic properties of the medium are described by the 
constitutive relations:

• P and M depend on the applied fields E and H. This dependence describes the 
response of the medium   
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Maxwell’s equations in vacuum

• In vacuum, the constitutive relations are

• And Maxwell's equations become: 

• From which one deduces the wave equation for each field component:
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Maxwell’s equations – cgs (Gaussian)

• Encore utilisées dans certains livres d'optique – Ingredients:

• Maxwell's equations:
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Maxwell’s equations → boundary conditions

• In vacuum, the constitutive relations are

• And Maxwell's equations become: 

• From which one deduces the wave equation for each field component:
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Boundary conditions

• The form of Maxwell’s equations contains also the boundary conditions for the 
electromagnetic fields at the interface between two media

x
E1,x



z


E2,x

E1,z

E2,z
 1> y

• Without charges or currents:

 2 1 0  B B n
Bnormal component of  continuous

 2 1 0  D D n
Dnormal component of  continuous

 2 1 0  n E E
Eparallel component of  continuous

 2 1 0  n H H
Hparallel component of  continuous
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Photon scanning near-field optical microscope (PSTM)

Heterodyne
Interferometer Detector

• Coherent PSTM combined with heterodyne interferometer
→ measurement of the amplitude and phase of the field !

Sample surface

Oscillation

Fiber tip

XYZ
Piezo-
Scanner

AC signal

Tuning fork

• Shear force AFM:

resolution: x,y ~ 1 nm
z ~ 5 nm
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Photon scanning near-field optical microscope (PSTM)

SNOM head

Sample-prism

Angle control
In
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Fiber probe (~ 50 nm)Tuning fork

Gold waveguide topography



Light confinement in near-field optics

E0

k

• p-polarization:

E0 k

• s-polarization:
Field intensity

5 nm above object



Depolarization fields

E0

k

• In matter: E = E0 + Ed

Ed is such that E fullfills the EM boundary conditions

• p-polarization:

E0 k

• s-polarization:



Experimental proof



z = 15 [nm]

x  [nm]y  [nm]

z = 25 [nm]

x  [nm]y  [nm]

z = 50 [nm]

x  [nm]y  [nm]

z = 500 [nm]

x  [m]y  [m]

Light confinement in the near-field

E0

k
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Monochromatic electromagnetic waves

• All components of the electric and magnetic fields are harmonic functions of time 
with the same frequency  :

• For monochromatic waves, all time derivatives in Maxwell’s equations become 
multiplication with j (for the complex fields):
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Monochromatic electromagnetic plane waves

• For monochromatic plane waves each component of the electromagnetic field is a 
harmonic function in time and space:

• Each temporal derivative in Maxwell’s equations becomes a multiplication with j
and each spatial derivative in Maxwell’s equations becomes a vector multiplication 
with          : 
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Reflection and refraction

• Each field can be represented by its Jones vector (in a different plane):

• x-polarized mode: transverse electric (TE), or orthogonal, or s-polarized 
(s=senkrecht)

• y-polarized mode: transverse magnetic (TM), or parallel, or p-polarized (p=parallel) 
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Snell law :
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Reflection and refraction

• The different polarizations:

• Conservation of field components and momentum

interface interface
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Reflection and refraction

• The two polarizations are independent  Jones matrices are diagonal:

• Reflection and transmission coefficients (general case):
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Reflection and refraction

• For nonlossy, nonmagnetic materials (Fresnel coefficients):

• Determination of the refraction angle (Snell’s law gives only the sinus):

• The Fresnel coefficients are generally complex (amplitude and phase) !
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TE or s-polarization
• External reflection (n1<n2):

• Internal reflection (n1>n2):

 1
2 1sin /c n n 
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TM or p-polarization
• External reflection (n1<n2):

• Internal reflection (n1>n2):
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Optical tunnel effect

• Under total internal reflection, an evanescent field is created in the second medium. 
This field can become propagating if a third medium is brought close to the first 
interface.


