








Let’s think a little bit…

1 - What is a “wave”?

2 – List some examples of waves
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Time periodic oscillations that travel along space



Time periodic oscillations that travel along space



Time periodic oscillations that travel along space

Let’s take a snapshot of the background waves…



Time periodic oscillations that travel along space

Let’s take a snapshot of the background waves…

And look at the water height versus position along the 

wave propagation direction.



Water height versus position along the wave propagation 

direction.
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Water height versus position along the wave propagation 

direction.
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Wavelength (λ)



Exercise : Point out where there is a wavelength in the 

background picture (?)
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Exercise : Point out where there is a wavelength in the 

background picture (?)



Time periodic oscillations that travel along space



Time periodic oscillations that travel along space

observer



Time periodic oscillations that travel along space

Look at the water height versus time at a fixed point in 

space along the wave propagation direction.

observer



Time periodic oscillations that travel along space
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Time periodic oscillations that travel along space
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Time periodic oscillations that travel along space
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Once a maxima passes through

the observation point, it takes

(T) seconds for the next

maximum to pass through.
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The distance between these two

maxima is (λ) meters, therefore

a maximum travels (λ) meters in

(T) seconds.

The wave velocity is : v = λ / T = λ . f



Let’s think a little bit…

1 - What is a “wave”?

2 – List some examples of waves



Water waves, sound waves, earthquake waves….



Electromagnetic waves ….

…“Electric field oscillations”





Let’s think a little bit… electromagnetic waves of different

wavelength are called differently depending on the region

of the spectrum where they belong, example: radio-waves,

X-rays, etc.

1) List several types of electromagnetic waves you have

heard of…

2) Order these by increasing frequency



- Radio-waves (kHz-MHz), 

- Microwaves (GHz),

- Millimeter-waves (100’s GHz),

- Terahertz (few THz), 

- Infrared (10’s of THz), 

- Visible light (100’s THz),

- Ultraviolet (few PHz), 

- X-rays(few EHz), 

- Gamma rays(100’s EHz)



Wavelength and frequency are related by:

where c is the speed of light (3x108 m/s)

Exercise : calculate typical wavelengths for the previous types of 

electromagnetic waves (?)



Wavelength and frequency are related by:

where c is the speed of light (3x108 m/s)

Exercise : calculate typical wavelengths for the previous types of 

electromagnetic waves (?)

• Radio-frequency :  300 MHz

• Microwaves : 3 GHz 

• Millimeter-waves : 300 GHz

• Terahertz              : 3 THz

• Infrared : 30 THz  

• Visible : 600 THz 

• Ultraviolet : 3 PHz

• X-rays : 3 EHz 



Wavelength and frequency are related by:

where c is the speed of light (3x108 m/s)

Exercise : calculate typical wavelengths for the previous types of 

electromagnetic waves (?)

• Radio-frequency :  300 MHz  1 m

• Microwaves : 3 GHz  10 cm

• Millimeter-waves : 300 GHz  1 mm

• Terahertz              : 3 THz  100 µm

• Infrared : 30 THz  10 µm

• Visible : 600 THz  500 nm

• Ultraviolet : 3 PHz  100 nm

• X-rays : 3 EHz  0.1 nm





Question : with electromagnetic waves of which wavelength do the 

following devices interact?





Since the beginnings of mankind, people has wondered about light…



There are obvious sources of light in nature…



Which man eventually managed to harness…



Over history humanity deepened its understanding about light and how 

light interacts with matter…





Materials properties

(i.e. refractive index)

depend on wavelength

prism

different refraction for

different wavelengths

therefore :

white light can be 

separated into colors

this was Newton’s 

discovery of the spectrum 

of light 



Who discovered radio waves?... When?
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Who discovered radio waves?... When?

H  E  R   T   Z

(1887)



Who discovered radio waves?... When?



Who discovered radio waves?... When?



Today… RF electronics and optical devices
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Optical fiber ;  speed of light : s = 3x1010 cm/s

FET ; electron drift velocity :  s = 2x107 cm/s



Optical fiber ;  speed of light : s = 3x1010 cm/s

FET ; electron drift velocity :  s = 2x107 cm/s

Question : in a 20nm device, which are the maximum achievable

frequencies?

Suggestion calculate the time that takes for an electron to move along

the transistor channel, estimate frequency from the inverse of this time.



Optical fiber ;  speed of light : s = 3x1010 cm/s

FET ; electron drift velocity :  s = 2x107 cm/s










