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Course: SPH 3u1

Unit: lIGHT

Lesson 1: Title: iNTRODUCTION to light

Apparatus needed: laser, EM spectrum poster, optional: gas discharge tubes and spectroscopes

Bellwork: pick up a piece of paper as you come in and answer the following questions:
1. what is light?
2. What is light made of ?
3. How does light travel from one place to another?
4. What are colours of light? What makes different colours?

Prelimin aries: unit outline (on webpage), order video “Physics Demonstration in Light - part 1”
handout pages 3,4 of this lesson for students to read and complete.
You will need a ruler for this unit. Get one.

Lesson:

Discuss Bellwork.

Light is a form of energy. It can be described as both electromagnetic waves/radiation and particles of light called photons.

Light travels in straight lines (exceptions: refraction, reflection, gravity curves it) at the speed of light.

(DEMO laser
The speed of light is c = 3.0 x 108 m/s in vacuum. The symbol for the speed of light is ‘c’.  It cannot go faster or slower (in vacuum).  c is the fastest speed of anything anywhere. Nothing else can go this fast. Light slows down a bit when it goes into matter (e.g. glass).

Colours (inserted from later lesson): different wavelengths of light are seen as different colours. Objects are coloured based on which wavelengths they absorb (reflect). An object that reflects blue light is seen as blue. Typically, all wavelengths are reflected except for whatever is absorbed. The wavelengths that are absorbed depend on the chemical bonds in the material. If there is no light, you won’t see colours, but the objects would still absorb the wavelengths if they were there. 


Light has no mass.   (difficult to explain)
How can you have a particle with no mass? – define particle. 

i) no one has ever measured a mass for light

ii) a particle with mass can be at rest. Then it can speed up and slow down. Think of it as a wave that always travels at the same speed.

iii) you can never slow light down.

iv) how can gravity curve light if it has no mass? It actually bends space. The space in which light travels is curved.

v) if light had mass, it would mess up a lot of other theories in physics (these theories work perfectly – of course, there could be better ones)

vi) experimental proof: the mass is definitely less than 7 E-17 eV. [Roderick Lakes, 1998] 
(i.e. less than 1.25 E-52 kg)
electron rest mass: 0.511 MeV.

How is light produced?

· heat ( incandescent lights, fires, sun

· excitation of electrons ( neon signs, fluorescent lights, LEDs, laser

· other bizarre ways: Cherenkov radiation, bioluminescence, triboluminescence, sonoluminescence, 

    (see http://www.wikipedia.org/wiki/Light for more info) 

What happens at an atomic level? ...

At normal temperatures atoms are in their ground state. If the atom / 

(explanation: electron absorbs energy from one of the above sources and jumps to a higher energy level.  soon afterwards, it drops down to the ground state and gets rid of the extra energy by emitting light.)

Example: a He-Ne laser emits red light. This is due to a transition between the 3s2 level and the 2p4 level.

(Optional: demonstrate spectra using gas discharge tubes to illustrate energy levels


Since light acts as a wave, it obeys the universal wave equation. v = f(
<extra stuff>
Since the speed is constant, if ( ( then f ( …

When light travels from one medium to another the speed changes. The frequency is constant, but the wavelength changes.   as v ( then if ( ( …

In vacuum
c = f(   
In matter
v = f('

where (' is wavelength in medium
Divide these two equations:
 

c/v = ( / ('
using    n = c/v

we get 
(' = ( / n

Does this mean that the colour changes? No.

Electromagnetic Spectrum

Since light acts as a wave, it obeys the universal wave equation. It has a speed, wavelength and frequency.

[image: image1.png]THE ELECTROMAGNETIC SPECTRUM

Wavelengtn __10° 107 10' 110! 107100 gt 10b 10 10?7 gt 10° g™ g 10"
' merers)

b= @ ?® =

Spvola @ s @ ]
wavelengih a2 @ B e e

S AT _— FTTE,

Byl sge

Rt S0 bl B s o Pt

B

second) 100107 10f 100 100 a0 107 10" a0 0™ 10% 107 10 10 107
o

one phaton
(ectonvolt) 17 1g* 107 106 10° 104 107 107 107 1 100 @ 100 0t 100 0





[image: image2.png]10~ nm T

1074 nm—

107% nm
107" nm
1 men iy

10 nmT

100 nm

10° nm = 1 pmT
10 pm+

100 pm

1000 pm = 1 mmT,
10 mm = 1 emet
10 em

100 cm = L mT
10 mT

100 m

1000 m = 1 km=
10 km T

100 km-f

+

Gamma
rays

400 nm

Yellow
Orange
Red

Microwaves

Radio waves




NOTE: (1) colours are just different wavelenghts / energies of light.
(2) at higher energies photons behave more like rays and particles

(3) at lower energies (longer wavelengths) photons behave more like waves

	Type of Radiation
	Method of Production
	Uses (optional)

	Radio
	oscillating electrons in a long wire or antenna
	



	Microwave
	magnetron or klystron
	



	Infra Red
	heat 
(vibration of molecules and atoms)
	



	Visible
	(see above)
(medium electron transitions)
	



	Ultraviolet
	mercury vapour lamps
(large electron transitions)
	



	X-ray
	X-ray tubes
(high energy electron hits atom and knocks inner electron out. Outer electron drops down to inner level)
	

	Gamma ray
	Radioactive material (photon emited from excited nucleus), cosmic rays
	




Homework: 
1. What is the frequency of green light (( = 550 nm)?   [requires Universal Wave Equation!]
2. What is the wavelength of a radio station at 103 MHz?

Terminology (know these terms)

Define or describe the following terms:  (see Martindale: p374, p444, index) (Nelson: p 329, 356)

ray


the path taken by light (illustrated by an arrow)
normal
angle of incidence
angle of reflection
law of reflection
parallel rays

rays that are parallel and never meet
diverging rays
rays that get farther apart
converging rays
ray that are coming together
object


the source of the light rays (may be reflected rays - e.g. a pen can be an object)
image


a picture of the object formed by some optical device


Nelson: p330 #2.

Evaluation:  
maybe add in information about how EM waves are created and reflected --- if the EM unit has been done, they will see the connection between the E and B fields (this is done as the last lesson in the EM unit).

