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Sin and Cosine Graph Visualization

• https://www.desmos.com/calculator

https://www.desmos.com/calculator


Reflection and Refraction

(Diffraction and scattering does not occur at
plane boundaries of infinite extension. This happens  
at edges and corners or on rough surfaces.)
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Reflection and Refraction

Law of  
Reflection

Snell’s Law of  
Refraction

v The law of reflection states that when a ray of light reflects off a surface, the
angle of incidence is equal to the angle of reflection.

v Snell's law is a formula used to describe the relationship between the angles
of incidence and refraction, when referring to light or other waves passing
through a boundary between two different isotropic media, such as water,
glass, or air.
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Perpendicular Polarization

*** The electric field is perpendicular to
the plane of incidence and the magnetic
field is parallel to the plane of incidence.
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Perpendicular Polarization

*** The electric field is perpendicular to
the plane of incidence and the magnetic
field is parallel to the plane of incidence.
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Parallel Polarization

*** The magnetic field is perpendicular to
the plane of incidence and the electric field
is parallel to the plane of incidence.
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Parallel Polarization

*** The magnetic field is perpendicular to
the plane of incidence and the electric field
is parallel to the plane of incidence.
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4.6.3 Metallic, non-magnetic medium (medium no. 2):

The incident wave is totally 
reflected. 
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4.6.4 Non-magnetic, dielectric media:

perpendicular  
polarization

parallel  
polarization

Power balance!!



Reflection and Refraction
Perpendicularly impinging wave:

vFor any other impinging angle α1 it cannot happen that α2 = α1 except for the trivial
case ε1 = ε2 what is equivalent to the statement that both media are identical. Then no
reflection occurs.
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4.6.4 Non-magnetic, dielectric media (Brewster’s Angle):
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Brewster Angle

Parallel Polarization with NO Reflection if:

v No reflection occurs if the (parallel polarized) wave has an angle of
incidence that equals Brewster‘s angle. In equivalent, Incident waves with
parallel polarization (parallel w.r.t. the plane of incidence) are totally
transmitted at a dielectric interface if the angle of incidence equals Brewster’s
angle.

v Brewster’s angle is also called the polarization angle. If an electromagnetic
wave (for example light) of unknown polarization impinges at Brewster’s
angle, the reflected wave can only be perpendicularly polarized because the
parallel polarized portion of the wave will totally be transmitted due to the
Brewster effect.
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Brewster angle

angle of incidence, degrees
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HF
Reflection and Refraction

r2 = 0
due to the  
Brewster  
angle !

angle of incidence, degrees
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t2 = 1
due to the  
Brewster  
angle !

angle of incidence, degrees
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Effect of Brewster‘s angle in optics:

Camera without a polarizer. Camera with a polarizer.
There is no glass.
(means no reflection has
been found)









incident wave

Dielectric Slab with thickness d
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Dielectric Slab

wavefront of reflected wave



Dielectric Slab

Total reflection of a dielectric slab (e.g., a radome)  
with thickness d can be avoided by:

If this condition is fulfilled the power is
totally transmitted through the (lossless) dielectric slab.

*** We have seen that at the case of Brewer’s Angle!
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Dielectric Slab – Permittivity Measurements



Material Characterization (2 mm slab)

20 40 60 80 100 120
-3.5

-3

-2.5

-2

-1.5

-1

1

0.5

0

-0.5

10°

20°

30°

40°

50°

60°

Angle

solid:
m
dashed
:

easured
calculated

f / GHz
curve fitting results à d = 2.08 mm, εr = 2.30, tan(δ) = 0.0003

tra
ns

m
is

si
on

 /
dB

IncidentAngle







Polarization Ninja Technique

• Make two cosines
• Draw the corresponding vectors
• Start from zero. If it is in between 0 to pi, left handed. If pi to 2pi, 

right handed. 



Dielectric Slab

Total reflection of a dielectric slab (e.g., a radome)  
with thickness d can be avoided by:

If this condition is fulfilled the power is
totally transmitted through the (lossless) dielectric slab.

*** We have seen that at the case of Brewer’s Angle!
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