Section 4.1

The Nature of Light
What is light?

· 
 Light is a form of energy that can be detected by the human eye.

Past Ideas and Theories About Light

· 
Pythagoras, a Greek philosopher, believed that beams of light were made up of tiny particles. When the beams of light came from the object and reached the eye, they carried information about the object to the eye. 

· 
Other Greek philosophers believed that the eye sent out fibers, or threads of light that allowed the eye to “touch” or sense an object and gather information from it. 
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Early Technologies Involving Light
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1000 Reading stone
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1200s First Eyeglasses
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1500s Compound Microscope
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1500s Microscope
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1600s Telescope

Speed of Light
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Scientists first thought that light travelled instantaneously. 

Galileo is believed to be the first person to try to measure the speed of light.

In 1638, Galileo proposed that he and an assistant would stand on hilltops about one kilometre apart, holding lanterns. He would uncover his lantern first. 

As soon as his assistant saw the light, he would uncover his lantern.

Galileo would measure the time between the moment that he uncovered his lantern and the moment he saw the light from his assistant’s lantern. 

When he carried out the experiment, however, he was unable to calculate the speed of light from his results. Why?? 

Particle or Waves???

· By the 1600s scientists started to believe that light traveled like waves not a stream of particles. They changed their minds because they started to notice that light could bend around corners or spread out- something it couldn't do if it only travelled in straight lines. 

· 
Albert Michelson was the first person to measure the speed of light accurately.

Michelson discovered that light moved 299 796 km/s or 3 x 10 m/s

· 
How did Michelson come to this conclusion?

1.
He shined a light on a rotating mirror.

2.
The light reflected to a larger mirror 35km away.

3.
The returning beam of light reflected off another face of the rotating mirror and into the eye of an observer.

4.
Used the distance the light had traveled and the speed at which the mirrored wheel was spinning to calculate the speed of light. 
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Sound Vs. Light

If light could bend and travel around Earth, it would circle Earth 

seven and a half times in one second. It would take 32 hours for

sound to travel around Earth once.

The speed of sound in dry air at 20°C is 343 m/s (1235 km/h). 

How might this apply to you?? A lightning strike causes a roar of thunder; both happen at the same time. However, you see the 

lightning before you hear the thunder.

Every three seconds passed between seeing the lightning and hearing the thunder means that the lightening is one km away. (3 sec x 343 m/s)

Student made video of sound vs. Light

http://www.youtube.com/watch?v=N1akKwrNUvQ





Section 4.2 Properties of Waves

· You have already learned about waves in the previous chapter when talking about water.

· Waves of light have the same features.

· A wave, whether it is light, sound, or water, is transferring energy. 

· Definition: a wave is a disturbance or movement that transfers energy through matter and space.

Energy is transferred through the water by way of waves. That is why the duck does not move. Energy is moved forward but the water stays put. 

· Light waves have the same properties as ocean waves. We will concentrate on two properties: wavelength and frequency

· Wavelength: is the distance from crest to crest or trough to trough.
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Figure 4.12 A wavelength is the distance over which the wave repeats.




Frequency: relates to how frequently or how often something occurs. In waves it means the number of repetitive motions (or oscillations) that occur in a given time. It is usually measured in hertz or cycles per second. 

· Radio stations often use frequency to tell people where to tune their radios. ex. OZ FM: 94.7 /Hits 99.1

· With waves the frequency refers to how often a wave passes a certain point in one second. That is how many wavelength go by in one second. 

· When there is a high frequency, more waves pass by per second 

than when there is a low frequency.

· Look at the diagram which one has the higher frequency??How do you know??

[image: image10.png][— Distance traveled in 1's.

rblﬂance traveledin 1s





· Diagram two has the higher frequency. In diagram two, 2 waves pass by in one second. In diagram one only 1 wave passed by in the same amount of time. 
Relationship between wavelength and frequency

· In looking at the diagram, again, what do you notice about the difference in wavelengths in diagram one vs. diagram two.

· In waves, as frequency increases, the wavelength increases. 

· The longer the wavelength, the lower the frequency.

· The shorter the wavelength, the higher the frequency.

As one value increases, the other decreases. 

· So high frequency waves have shorter wavelengths.

· And low frequency waves have longer wavelengths.

The Six Properties of Light

1. Rectilinear Propagation 
· Light travels in a straight line.

· This property is called rectilinear propagation.

· This characteristic allows us to predict shadows and forms that would be created by light rays.
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Figure 5.6 Ray diagrams can show how shadows are cast.
· When light rays shine against an object, the object projects a shadow because it blocks the sun’s rays that hits it.  [image: image12.png]light
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Figure 5.7A A ray diagram shows how the distance from the
light source affects the size of the shadow that an object makes.
The smaller object casts the larger shadow because it is closer to
the light source.




2. Can travel through a vacuum

· Light can travel without particles.
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3. Light and the type of material

i) Transparent :

· When the light passes through a clear material, the light rays continue their straight movement in a straight line. 

· We say that these materials are transparent.

· Air, water, and glass are examples of things that are transparent.
ii) Translucent :

· With a translucent material, like frosted glass, most light rays pass through but are then scattered in all directions.

· Translucent materials do not permit one to see the objects clearly.

· Examples : windows in a bathroom

iii) Opaque :

· A material that blocks out all of the light.
· No light can travel through the material
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4. Reflection

· Light can be reflected.

· If the light reflected on a smooth surface forms an image in the area surrounding it, the reflection is called specular reflection. Ex : a mirror

· If the light reflected on a surface does not form a clear image, but permits you to see what is found on a surface, the reflection is diffuse. Ex : paper
*Diagram: Specular and Diffuse reflection
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· The trajectory of the rays reflected by the white parts of the paper orient themselves towards your eyes. The written letters do not reflect any of the light rays.
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· Diffuse reflection is what allows you to read what is printed on the paper. 

5. Refraction 

· Refraction is the change of direction of a wave when it passes from one substance to another. 
· Example : from air to water.
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6. Dispersion
· White light such as that from the sun is made of waves that possess different wavelengths and frequencies. Dispersion is when the waves separate and bend when they travel from one medium to another.
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Figure 4.19 A prism refracts light into different colours.
4.4- Electromagnetic Spectrum
The visible spectrum is only a tiny portion of the much larger spectrum known as electromagnetic radiation. 

Electromagnetic Radiation

· 
In water waves, the particles vibrate up and down as the wave passes through the water

· 
In a light wave electrical and magnetic fields vibrate. For this reason light is called electromagnetic radiation.

· 
Electromagnetic radiation is the transmission of energy in the form of waves through the vibrations of electrical and magnetic fields

· 
Electromagnetic waves are described by different names depending on their frequency and wavelength. 
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Types of Electromagnetic Radiation

Wavelengths Longer than Visible Light

1. Radio Waves (p.158-160)

· 
 Radio waves are a type of electromagnetic radiation that have 

the longest wavelength and the lowest energy frequency.

· 
Uses include; radio and television broadcasting, and helping 

seeing inside our body and diagnosing illness (Magnetic Resonance Imaging MRI)

· 
Microwaves and radar are also types of radio waves.

Microwaves

· 
 Microwaves have the shortest wavelength and the highest frequency of all radio waves.

· 
 Microwave ovens use a wavelength/frequency that is absorbed by water particles. When the water particles in the food absorb microwaves they vibrate quickly and become hot.

· 
Also used in telecommunication satellites. 

2. Infrared Waves (p.161)

· 
Infrared waves are a type of electromagnetic radiation,  that relative to light, have a longer wavelength and lower energy and frequency.

· 
Infrared radiation is also referred to as heat radiation. 

· 
Every object omits some infrared waves because all object contain some heat energy

· 
Uses include; TV remote control, computer CD-ROMS, motions sensors, night vision goggles, airports and observation satellites.
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Wavelengths Shorter than Visible Light
3. Ultraviolet waves (p.162) are a type of electromagnetic radiation that, relative to light, has a shorter wavelength and a higher energy and frequency.

· 
Allows your body to make vitamin D which is needed for healthy bones and teeth.

· 
Overexposure causes sunburns, skin cancers and damage to eyes. 

· 
Uses include; police-finger printing, kill bacteria, sun tanning, heat lamps.

Picture from NASA [image: image22.png]



UV rays of the Sun



4. X-rays (p.163)

· 
 X-rays are a type of electromagnetic radiation that have a much shorter wavelength and higher energy and frequency than ultraviolet waves.

· 
Uses include; photograph teeth and bones, inspect for cracks inside high performance jet engines.
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5. Gamma Rays 

Positive and Negative Effects of Electromagnetic Radiation

· 
Exposure to high frequency and short wave length electromagnetic radiation is dangerous.



Light travels in a light bulb from the tungsten filament out through the glass without any air particles. 





The lack of air is why there is a popping noise when you break a light bulb. 





Figure 5.11 You can see the beam of light in air because there are dust particles in the air that scatter the light. You can see the beam of light in the water because there is a substance in the water that fluoresces. (To fluoresce means to give off more visible light than is absorbed.) These “tricks” help you see the beam of light as it bends when it travels from air to water.











