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SPHA4UI : Unit 4 Wave Nature of Light

V= £

The Universal Wave Equation

v = f)l v= speed of wave (m/s), f=frequency of wave (Hz), A = wavelength of wave (m)
f= ! T= period

=7 = period (s)
c=3.0x 108m/s c= speed of light in a vacuum

Solve the following problems:
1. Calculate the wavelength of a laser beam if the frequency is 6.50x10"* Hz

2. The wavelengths of the visible spectrum range from 400 nm to 750 nm. Calculate the range of the
frequencies of visible light. (1nm = 1x10°m).

3. If the sun is 149.6 million km from earth, how long does it take for light to travel from the sun to earth?
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Topic Outline

* Waves Review (sound unit from grade 11)

* Compare mechanical and electromagnetic
waves

* Clues that light is wave
* Clues that light is not wave
* What is light really?
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What is a Wave?

Definition:

« A wave is a transfer of energy over a
distance in the form of a disturbance. Most
waves originate from a vibrating source.

« Mechanical Waves : require a physical
medium to travel through

= examples: waves on a slinky, sound waves

« Non Mechanical Waves — do not required
a medium to transmit the energy
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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).
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One wavelength (A) is the distance between successive crests or troughs.
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Sound Waves

©2011. Dan Russell

(@)

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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Characteristics of Waves

Period — T (seconds)

Frequency —f (Hz)

Wavelength — A (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 (e or )
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EM radiation is caused by a rapidly oscillating electric charge.
(a classical (non-quantum) approach to waves...)
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Properties of Electromagnetic (EM) waves.

The Electromagnetic Spectrum
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ElectroMagnetic Wave Phenomenon

1. Reflection
2. Diffraction
3. Refraction
4. Interference

5. Polarization
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ElectroMagnetic Wave Phenomenon

1. Reflection
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) )

Marrow gap — large diffraction effect

2. Diffraction

Wide gap — small diffraction effect
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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)

Nonpolarized light vibrates in all directions
Horizontal ond vertical components

¥ ertical component posses
‘J;}{ -l'" mugh first polarizer. ..

Hewitl, Concapfual Pryics, Minth Edition.
Copyright © 2002 Paarscn Educabon, Inc., publishing as Addison Wesloy, All ighls resarved,
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Enerqgy of Waves.

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

The energy of an EM wave is d/rectly proport/onal to the
frequency of the wave. ( J scovered n late / )
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Visible Spectrum - Wavelengths in nanometers

400 450 500 550 600 650 750

Ultraviolet Infrared
(uv) (IR)

Violet 400-450nm Red 610-700
Blue 450-500nm Orange 590-610
Green 500-570nm Yellow 570-590
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-9
Enerqy of Electromagnetic (EM) waves. ‘“M IO

Calculate the energy in Joules of a red photon (A=650nm) and a
blue photon (A=400nm).
cecall
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Visible Spectrum - Wavelengths in nanometers
400 450 500 550 600 650 750

Ultraviolet Infrared
(uv) (IR)

Violet 400-450nm Red 610-700
Blue 450-500nm Orange 590-610
Green 500-570nm Yellow 570-590
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Operation of a Laser

.L.l )’\+_AZ"\ \'r(\'\ca\‘l'br\ \.)!3
S:l'?ma\“i"'{d EMM’|S5ZOV\ Op&d:qkof\

4 Requirements

! LQ&‘nﬁ meo‘Quw\ Vv

3. Leasec panpingenemyy
q . Om‘fq‘f (‘ouf’cr‘ J

23



Wave Nature of Light Summary Notes

Operation of a Laser

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

Mirror Mirror.

1

Discharg
E\eczr0[1§:\\“~\\

= Laser
1V Beam
DC Power Supply
¥ IR
4. Output Coupler o
1T
) /o
2 Laser material >
100% é Emergent ray
Reflecting % ' '
plane % o WS legrd ——
mirror
< L PN Semi-transparent
plane mirror

m Laser Ponder
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Anatomy of the Helium-Neon Laser

Cathode Aluminum Bore Support
Connection Cathode Spider

Gas

Brewster

Reservoir Window

28
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Summary of Laser Operation

Light Behaving as a Wave (€ las%.cal W\\f?é 5)
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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

Excijtation
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Design an Argon Laser —
1. what colour is the laser beam?
2. determine how far apart to place the Excitgtion
mirrors in an argon laser ‘

design criteria: \\ -
; BN A,

lasing medium - argon gas Energy . Light
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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

Diffraction of Particles and Waves .
: v Dark Bright

| Light (destructive (constructive
) Source interference) interference)
—
| ——

“ougees” Waves

oeccset” Bend Into s
o.'vo...oO' ° Shadow -

L]
Particles o
Produce e
Straight e
Shadows e

L ]

Nonpolarized light vibrates in all directions
Herizontal ond vertical components
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Vertical com =" -
does not %gh N
this second polarizer — -

Hawill, Concaptual Physics, Ninth Edition.
Copyright © 2002 Pearson Educabion, Inc., publishing as Addison Wesley, All rghls resarved,
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Wave / Particle Duality of Light

reflection and refraction can be explained by wave model or a
particle model of light

Mirror reflection Specular reflection Diffuse reflection

Incident ray Normal Reflected ray

Cause of Refraction

Car Analogy

smooth + Cartravelling at an
pavement angle towards a muddy
surface

* One front wheel hits
muddy surface and
slows down

* Other wheels continue
muddy to move at a higher
surface speed

+ Causes the path to
bend

normal 3
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Wave / Particle Duality of Light:

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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