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Wave Nature of Light : 
Day 1  Properties of EM Waves

Tues Jan 7th

IQC Visit
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https://phet.colorado.edu/sims/html/waveonastring/latest/waveonastring_en.html
https://phet.colorado.edu/sims/html/waveonastring/latest/waveonastring_en.html

https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html
https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_en.html
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Wave Properties
Periodic waves originate from periodic vibrations (oscillations).

One wavelength (λ)  is the distance between successive crests or troughs.
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Sound Waves

Sound is a longitudinal wave of air pressure variations, caused by a 
rapidly vibrating source (i.e. a tuning fork or your vocal cords)
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Electromagnetic Waves
Electromagnetic (EM) radiation consists of oscillating 
electric and magnetic fields that can propogate through 
empty space.
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• Period – T (seconds)
• Frequency – f (Hz)
• Wavelength – λ (m)
• Velocity – V (m/s)
• Amplitude – the measure of the amplitude 

depends on the type of wave 
Wave on a string – postion (m)
Sound Wave – air pressure (psi, kpa etc)
Electromagnetic Wave – strength of electric or 
magnetic field (ε or β)

Characteristics of Waves
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EM radiation is caused by a rapidly oscillating electric charge.
(a classical (nonquantum) approach to waves...)
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Properties of Electromagnetic (EM) waves.
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1. Reflection

2. Diffraction

3. Refraction

4. Interference

5.  Polarization

ElectroMagnetic Wave Phenomenon
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1. Reflection

ElectroMagnetic Wave Phenomenon
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2. Diffraction
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3. Refraction
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4. Interference
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5. Polarization
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5. Polarization (cont'd)
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Wave Nature of Light : 
Operation of a Laser
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Energy of Electromagnetic (EM) waves.

The energy of an EM wave is directly proportional to the 
frequency of the wave.

Energy of Waves.

The energy of a mechanical wave is dependent on the 
amplitude of the wave.
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Energy of Electromagnetic (EM) waves.

Calculate the energy in Joules of a red photon (λ=650nm) and a 
blue photon (λ=400nm).
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Operation of a Laser

4 Requirements
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Operation of a Laser

HeNe Laser Design Basics
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1. Lasing Medium
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2. Optical Cavity
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3. Laser Pumping Energy

4. Output Coupler
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Summary of Laser Operation

Light Behaving as a Particle

Light Behaving as a Wave
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Design an Argon Laser 
1. what colour is the laser beam? 
2. determine how far apart to place the 
mirrors in an argon laser

design criteria:
lasing medium  argon gas
emission energy  2.54eV
Optical Cavity, set n = to 800,000

https://perg.phys.ksu.edu/vqm/Laserweb/Ch6/F6s1t4p1.htm

https://perg.phys.ksu.edu/vqm/Laserweb/Ch-6/F6s1t4p1.htm
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Design an Argon Laser 
1. what colour is the laser beam? 
2. determine how far apart to place the 
mirrors in an argon laser

design criteria:
lasing medium  argon gas
emission energy  2.54eV
Optical Cavity, set n = to 800,000

https://perg.phys.ksu.edu/vqm/Laserweb/Ch6/F6s1t4p1.htm

https://perg.phys.ksu.edu/vqm/Laserweb/Ch-6/F6s1t4p1.htm
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Modern Physics Concepts

Wave Particle Duality  is light a wave or a particle?
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Wave / Particle Duality of Light
diffraction, interference and polarization can only be explained by 
wave model
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Wave / Particle Duality of Light
reflection and refraction can  be explained by wave model or a 
particle model of light
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Wave / Particle Duality of Light:

Property Wave Theory Particle Theory

Einstein  "It seems as though we must use sometimes the one theory and 
sometimes the other, while at times we may use either. We are faced with a new 
kind of difficulty. We have two contradictory pictures of reality; separately 
neither of them fully explains the phenomena of light, but together they do." 
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