Grade 8 Science



Unit 3 – Section 1
Optics
- optics is the study of light
- our entire universe is based on the principles of light and how it works
Light
- light is a very confusing thing to work with
- we think of light as a beam, a ray of sunshine from our sun or a lightbulb

- light is hard to explain

- it is both a wave and a particle
- the Greek philosopher, Pythagoras, believed that light was made up of tiny little particles that bounce off things
- he believed that those particles would bounce off a surface and into our eyes, and that is how we see things
- he was actually right
- we see things because light reflects off of objects and then into our eyes
- the retina at the back of our eyes takes in information about light, dark, and colour and sends that information to the brain
- the brain then translates that into a picture
- basically, light is a type of energy that can be detected by the human eye (much like heat is a type of energy we can detect with our skin)
The Speed of Light
- Galileo is often credited with being the first scientist to try to determine the speed of light 
-he and an assistant each had lamps which could be covered and uncovered at will 
- Galileo would uncover his lamp, and as soon as his assistant saw the light he would uncover his
- by measuring the elapsed time until Galileo saw his assistant's light and knowing how far apart the lamps were, Galileo reasoned he should be able to determine the speed of the light 
- his conclusion: "If not instantaneous, it is extraordinarily rapid” 
- Galileo just deduced that light travels at least ten times faster than sound
- another scientist by the name of A.A. Michelson attempted to more accurately measure the speed of light
- he used a similar idea as Galileo, but with a much wider distance between the light and the observer
- by shining a light between two mountains, he could accurate measure the time it took the beam of light to strike it’s target
- that speed was 300,000 km/s (yes, km PER SECOND)

- this can be written as 300,000,000 m/s





OR



    3.0 x 10 8 m/s
Lenses
- lenses allow us to focus light and bend it in different ways
- sometimes, light doesn’t move the way we want and lenses help us change the way it moves
- some lenses make light focus inward so that the rays get closer together
- other lenses make the light bend outward, spreading the rays apart
- we used lenses to create two very important inventions

a) The Telescope

-focuses light to allow us to see things far away

b) The Microscope

- focuses light to allow us to see things that are small
What other inventions use lenses to control light?
Properties of Light
1) Reflection
- light will bounce off of surfaces and redirect at an angle to that surface
2) Refraction
- when light travels from one transparent substance into another transparent substance, it will bend slightly
3) Absorption

- some chemicals (such as paint) absorb light

- since some colours of light are absorbed and others 
are not, objects appear to have their own colour
Other Properties
4) Rectilinear Propagation

-light travels in a straight line
5) Dispersion

-light can be separated into different types
6) Light can travel through mediums

- light can travel through some types of materials

(translucent and transparent)

- it can also travel through empty space
Clearing Things Up
Transparent – light goes through completely

Ex. Normal glass
Translucent – light goes through somewhat, but appears blurry or foggy

Ex. Frosted glass
Opaque – light does not go through at all

Ex. A potato
But what is Light?
- light is just one of the many types of radiation

- RADIATION IS NOT BAD
- radiation is any type of energy that travels in waves
Features of a Wave
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a) wavelength (λ lambda)
- the length of one complete wave cycle
- involves an up and a down section
- in light, wavelength determines colour

- red light has a long wavelength

- violet light has a short wavelength
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b) amplitude (A)
- this is the “height” of the wave from the axis to the crest or trough
- in light, amplitude determines the brightness
c) crest

- the highest point in the wave
d) trough

- the lowest point in the wave
e) period (T)
- the amount of time it takes for one complete wave to pass a point
- the amount of time for one complete cycle
f) frequency (f)
- the number of waves that pass a point in a given second
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- we use this formula to calculate the period or frequency of a wave
Note: we use the unit Hz (Hertz) to represent frequency


- Hertz means “per second”
Wavelength and Frequency
- Wavelength and frequency are INVERSELY PROPORTIONAL
- that means as one gets bigger, the other gets smaller
- as the length of a wave increases, the frequency of the wave decreases
Types of Waves
- there are two types of waves

a) transverse waves


- this is the kind of wave you think about usually


- involves an up and down motion

b) compression waves


- also known as oscillation waves


- involves a back and forth motion


- think of a spring
- as a wave passes through a spring, parts of it get close together and parts get farther apart
Worst Video Ever!
https://www.youtube.com/watch?v=7cDAYFTXq3E
The Electromagnetic Spectrum
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Radio Waves (weakest)
Microwaves
Infrared
Visible Light
Ultraviolet
X-Rays
Dangerous Radiation (Alpha, Beta, Gamma) (strongest)
- the electromagnetic spectrum is the idea that all radiation (including light) is just waves of energy with different wavelengths

- as the wavelength changes, the type of radiation 
changes
- all radiation exists as different lengths of waves
- the weakest type of radiation on the electromagnetic spectrum is Radio Waves
- radio waves have a very long wavelength and a very low frequency
- on the other end of the spectrum is Gamma Radiation
- Gamma radiation has a very short wavelength and a very high frequency
- visible light (the light that we can see) is a type of wave in the middle of the spectrum

- visible light also changes as you change wavelength

- this is called the Visible Light Spectrum
- visible light appears in a set pattern

- we remember them by saying ROY G BIV
Red - Orange – Yellow - Green - Blue - Indigo – Violet
- BLACK, WHITE, AND GRAY ARE NOT COLOURS

- black is the absence of all colour

- white is the combination of all colours

- they are considered shades
- white light can be separated into the other colours using a prism
- as light passes through a prism, it causes the light to spread out
- since the various wavelengths move differently, they spread out and separate
- this is also how rainbows form
Reflection
- reflection occurs when a wave strikes a surface and bounces off
- light travels in waves and bounces off any and all surfaces
- if those surfaces are opaque (not transparent), some of the light will bounce off the object
- the angle that the light reflects off the surface depends on the angle at which it hits the object
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angle of incidence = angle of reflection
∠I = ∠R
- the Normal line is an imaginary line that is perpendicular to the surface at the point of impact
- when light strikes a surface all or some of the light will bounce off that surface

- some of the light may be absorbed

- those colours of light that are not absorbed will  
reflect off the surface
- as different colours of light reflect off surfaces and into our eyes, we perceive objects as having different colours
- light coming from  the sun and other sources is pure white light
- it is made up of all of the colours of the visible light spectrum
- when some of those colours are absorbed, the remaining colours of the spectrum reflect off the surface and combine to form a single wave of light
Mirrors and Reflection
- mirrors are specially made surfaces that reflect almost 100% of the light that strikes them

- VERY little light is actually absorbed
- light rays strike the surface at various angles and bounce back following the Law of Reflection (∠I = ∠R)
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- mirrors create an image by reflecting light from an object and then redirecting it back to our eyes
- our brains perceive light as traveling in straight lines, so our brains create an image based on where the light should be coming from
-flat surfaces redirect the rays of light along the same path and the image is an exact copy of the object being reflected
- if, however, the mirror is not flat, the light is redirected along different paths and the image becomes distorted
- this is how funhouse mirrors work
Picture, p. 176
- when light is reflected properly to create an image, it is called specular reflection
- if the surface is rough and redirects the light randomly, it will not form a proper reflected image

- this is known as diffuse reflection
Refraction
- light bounces off of reflective surfaces

- But what about transparent surfaces?
- as light passes from one transparent material into another, it will bend

- light is very fast

- light can travel at 300,000,000 m/s (3.0 x 108 m/s)
- different materials, however, have different speeds
- because they are more or less dense, light will move faster or slower depending on the material it is in (medium)
- if light moves from a medium of low density to one of high density, it will slow down a lot
- if the light is at an angle, it will bend toward the normal
- if it moves from a medium of high density to one of low density, it will speed up
- if the light is at an angle, it will bend away from the normal
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- now, this is easy to figure out when moving from air to water or water to air
- but what about moving from water to glass or glass to water?
- every medium has what is called a refractive index
- this is a number that tells us how “thick or thin” it is compared to air
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- Notice that vacuum has a value of 1.00
- this is due to the fact that there is nothing in a vacuum that will cause a wave to slow down

- a vacuum is just empty space
- as a wave enters a new medium (ex. Moving from the vacuum of space into our atmosphere), the particles in the new medium will slow the wave down
- the refractive index of air is very close to that of a vacuum
- other mediums have a higher density of particles and would cause the particles to slow down more
- looking at the table, we can see that light moving from water to diamond would slow down even further causing it to bend
Concave and Convex Mirrors
- most of the mirrors we use in our lives are plane mirrors

- plane mirrors are flat
- mirrors, however, can be curved

- if the mirror curves inward, it is called Concave

- if the mirror curves outward, it is called Convex
Concave






Convex
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- a curved mirror has a single place where all of the rays of light cross as they bounce off the reflecting surface

- this is called the focal point
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Images in Lenses
- similar to mirrors, there are two types of lenses

Concave Lens



Convex Lens
	[image: image11.jpg]Concave Lens

Focallength |
|




	[image: image12.jpg]convex lens

focal point

I

il focal length ———
i






- unlike mirrors, concave lenses spread light outward and convex lenses focus light inward toward the focal point

- this is basically the opposite of mirrors
	
	Concave
	Convex

	Mirror
	- reflect light inward
	- reflect light outward

	Lens
	- bend light outward
	- bend light inward


Virtual Images
- Sometimes, the light will bounce in such a way that the image ends up appearing on the wrong side of the mirror or lens.
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- if that happens, the image is called “virtual”
- we know that there’s nothing on the other side of the mirror, but the diagram says it is
- we know this isn’t real, so we call it a virtual image
End of Unit 3
