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MEETING THE EXPECTATIONS

Grade 10 Physics Activities
Ontario Curriculum Connections Grade 10 Science - Physics

PHYSICS – Light and Geometric Optics

Activities
Includes activities in the pre-visit, field trip, and post-visit to Canada’s Wonderland

E1.
E1.1

Relating Science to Technology, Society, and the Environment
analyse a technological device or procedure related to human perception of light (e.g.,

eyeglasses, contact lenses, infrared or low light vision sensors, laser surgery), and evaluate its
effectiveness

E1.2

analyse a technological device that uses the properties of light (e.g., microscope, retro-reflector,

solar oven, camera), and explain how it has enhanced society

E2.
E2.1

Developing Skills of Investigation and Communication
use appropriate terminology related to light and optics, including, but not limited to: angle of

incidence, angle of reflection, angle of refraction, focal point, luminescence, magnification, mirage, and
virtual image

E2.2

use an inquiry process to investigate the laws of reflection, using plane and curved mirrors, and

draw ray diagrams to summarize their findings
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E2.3

predict the qualitative characteristics of images formed by plane and curved mirrors (e.g.,

location, relative distance, orientation, and size in plane mirrors; location, orientation, size, type in curved
mirrors), test their predictions through inquiry, and summarize their findings

E2.4

use an inquiry process to investigate the refraction of light as it passes through media of

different refractive indices, compile data on their findings, and analyse the data to determine if there is a
trend (e.g., the amount by which the angle of refraction changes as the angle of incidence increases varies
for media of different refractive indices)
E2.6

calculate, using the indices of refraction, the velocity of light as it passes through a variety of

media, and explain the angles of refraction with reference to the variations in velocity

E3.
E3.1

Understanding Basic Concepts
describe and explain various types of light emissions (e.g., chemiluminescence,

bioluminescence, incandescence, fluorescence, phosphorescence, triboluminescence; from an electric
discharge or light-emitting diode [LED])

E3.7

identify the factors, in qualitative and quantitative terms, that affect the refraction of light as it

passes from one medium to another

E3.8

describe properties of light, and use them to explain naturally occurring optical phenomena

(e.g., apparent depth, shimmering, a mirage, a rainbow)
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LEARNING PHYSICS LANGUAGE

DEFINITIONS

Angle of Incidence

The angle of the Incident Light Ray from the perpendicular.

Angle of Reflection

The angle of the Reflected Light Ray away from the perpendicular.

Coherence

A visible beam of light possible through constructive inference of light waves.

Concave Mirror

A Curved Mirror that focuses (collects) Reflected Light Rays.

Convex Mirror

A Curved Mirror that disperses (scatters) Reflected Light Rays.

Converging Lens

A Converging Lens refracts light inwards making the beam smaller. The Focal
Point is real and behind the Lens.

Critical Angle

The critical angle is the angle of incidence where the angle of reﬂection is 90°.
The Light must shine from a dense to a less dense medium.

Crystal

A solid substance that is arranged in an ordered pattern across three spatial
dimensions.

Curved Mirror

A Curved Mirror is a highly reflective curved surface that creates a distorted
image of an object.

Electromagnetic (EM) Spectrum
The EM Spectrum is the composite range of visible and nonvisible light from Radio waves to Gamma radiation.
Focal Point

The Focal Point is where all reflected or refracted Light Rays intersect.

Image

An image is a representation of an object formed by a mirror or lens.

Incident Ray

An Incident Ray is the incoming Light Ray to a surface.

Infrared Light

Electromagnetic radiation with a wavelength longer than that of visible light but
shorter than 1 mm.

Laser

A Laser is a device that emits a narrow beam of a single colour of the EM
Spectrum light.

Law of Reflection

The Law of Reﬂection states that the angle of incidence is equal to the angle of
reﬂection.

Lens

A lens is an optical device which transmits and refracts light.

Light Ray

Light Rays are straight lines with arrows to show the path of light.
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Photon

A particle of light represented as a localized packet in space.

Plane Mirror

A Plane Mirror is a highly reflective flat surface that creates a congruent image
of an object.

Ray Diagram

A diagram using light rays to record observations.

Ex.

Reflected Ray

A Reflected Ray is the outgoing Light Ray reflected from a surface.

Reflection

Reﬂection occurs when a light ray bounces oﬀ a surface.

Refracted Ray

A Refracted Ray is the outgoing Light Ray that refracted by a media.

Refraction

Refraction is the bending of light that occurs because light travels at diﬀerent
speeds in diﬀerent materials.

Refractive Index

The refractive index (symbol n) of a material is the ratio of the speed of light in a
vacuum to its speed in the material and gives an indication of how diﬃcult it is
for light to get through the material.
(n=c/v)
c – Speed of light in a vacuum 3.00 x 108 m/s
v – speed of light through a media m/s
n – refractive index

Snell’s Law

When light travels from one medium to another, the product of the index of
refraction of the initial medium and the sine of the angle of incidence is equal to
the product of the index of refraction of the final medium and the sine of the
angle of refraction.
nisinΘi = nrsinΘr
where Θi – Angle of Incidence
and Θr – Angle of Refraction

Visible Light

Visible Light is the range of the EM Spectrum that humans can see unaided. Red,
Orange, Yellow, Green, Blue, Indigo and Violet are the colours of visible light
and when combined create White Light.
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LASERS

Background Information

Lasers are devices that emit focused and amplified light of a limited spectral range. Simply put, a
laser shines really bright light of only one colour. Despite their seemingly complex properties, a laser is
quite simple in design and requires only three components: an energy source, an amplifying substance
(often a crystal like in a laser pointer), and two mirrors (one completely reflective and one partially
reflective). As seen in the schematic above, an energy source excites the amplifying crystal, which then
starts to emit light. The light is then reflected off the two mirrors at either end of the Optical Resonator
Cavity, the area the light bounces back and forth in. As light reflects back on to the crystal it excites it
further, producing yet more light. Some of this light escapes through the partially reflective mirror. This
light is the laser beam we can observe.
There are many different substances that are suitable to create lasers, but the ones that are most
familiar are solid-state lasers that use crystals for their amplifying substance. Some crystals are
complicated mixes of different elements like Nd: YAG (Neodymium doped Yttrium Aluminum Garnet)
or Yb: CaF2 (Ytterbium doped Calcium Fluoride) while other crystals are impure gemstones like
Titanium Sapphires or Rubies.
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Crystals are used to amplify light in Optical Resonator Cavity because they are geometrically
predictable objects. Since light is both a wave and a particle, it may be excited in predictable ways when
interacting with periodic objects such as crystals. When passing through a crystal over numerous
iterations, photons of all energies degrade to a singular energy state, which allows the beam to adopt a
single colour. This colour represents the energy of the beam, since the energy of light is proportional to its
wavelength through Planck’s formula. Each crystal has a characteristic structure, so each crystal produces
a unique wavelength of coherent light if pure enough and the energy source (or laser pump) inputs enough
energy to initialize the reaction.
Albert Einstein was responsible for deriving the theoretical foundations of the laser in 1917, rederiving Planck’s law of radiation for the emission of stimulated light through a focusing medium. The
first working visible light laser was built in 1960 by Theodore H Maiman. Maiman essentially built a
really big laser pointer or solid-state laser. He used a Ruby rod as his amplifier and a high speed flash
lamp as his energy source. He was only able to make quick pulses, but with this early design the laser age
began. The research and testing of lasers and possible amplifiers was so popular that it is rumoured that
some researchers even used Jell-O and created a laser. Later in 1960 three scientists, Ali Javan, William
R. Bennett and Donald Herriott built the first gas (Helium Neon) lase, producing infrared light. In 1962,
Robert Hall created the first diode laser, again only making infrared beams and Nick Holonyak Jr. created
the first semiconductor laser that was cooled by liquid nitrogen. In 1970 Zhores Alferov in Russia, and
Izuo Hayashi and Morton Panish in America developed the first semiconductor diode laser that worked at
room temperature and had a visible light beam. These lasers are the parents of the lasers you find in your
CD, DVD, and BD players.
The Solid-State Laser
Solid-State lasers generate light through the use of a crystal as a gain medium. They are the most common
laser devices available, with uses in both commercial and recreational applications. Perhaps the most
iconic solid-state laser is the laser pointer, available at nearly any office supply store. The schematic
below shows how a typical green laser pointer operates:
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Diagram of the internal structure of a DPSS 532nm green laser pointer. Image by Chris Chen. This file is
licensed under the Creative Commons Attribution-Share Alike 3.0 Unported, 2.5 Generic, 2.0
Generic and 1.0 Generic license.
This particular design is notable in that it employs multiple lenses to collimate the beam into a focused
form. A beam of infrared light from a light-emitting diode at 808 nm is pumped into an amplifying
crystal, which acts as both a gain medium and an optical resonator cavity. The first crystal the beam
interacts with generates a focused beam of 1064 nm, non-visible to the human eye. To increase the energy
of the beam, an exotic non-linear crystal is used to effectively “combine” two incoming photons and
double their energy to generate 532 nm light, green in the visible spectrum. The beam of green light is
dispersed and collimated through two lenses, before being emitted from the module.
Laser devices are classified by the amount of power that they emit. In Canada, lasers are classified as
followed by their potential risk: Class 1, 1M, 2, 2M, 3R, 3B, and 4. Each class corresponds to the amount
of maximum power generated by that laser, along with how sharply focused the emitted beam is. A beam
that is very powerful yet incoherent could be classified as a Class 1 laser, while a sharply focused beam
that isn’t as powerful could be classified at a higher class. The classes are separated by their energy
density and their relation to the Maximum Permissible Exposure (MPE), a measure of how different
wavelengths of light could potentially damage the human eye. The chart below relates the MPE to the
exposure time of a laser:
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From the graph above, visible wavelengths of light that the human eye is more sensitive to have lower
thresholds to the MPE. Ultraviolet and Microwave lasers are safer due to the human body’s decreased
sensitivity to that energy level of light, though are still dangerous at higher energy densities.
Laser Safety
Because of the human eye’s sensitivity to light, it is essential that lasers are regulated such that their usage
doesn’t pose a threat to users. ANSI in the U.S and the IEC internationally define classes of lasers based
upon their risk. The information below summarizes lasers based upon Canadian standards.
Class 1 lasers are safe to use under all conditions of normal use. If the beam is focused through the use of
a very-large aperture device, such as a telescope or microscope, the laser could be reclassified depending
on the usage.
Class 1M lasers are also safe to use under all conditions of normal use with the exception of through
imaging optics (microscopes and telescopes)

11

Class 2 lasers are safe to use under normal conditions, though if exposure to the beam exceeds the blink
reflex (0.25 seconds,) the retina may be damaged. Most laser pointers available in retail stores are Class 2
lasers, and output about 1 mW (milliwatts) of power.
Class 2M lasers, like class 1M lasers, are not safe to use through imaging optics unless the blink reflex is
not exceeded.
Class 3R lasers are considered safe if the exposure time is closely monitored. A visible continuous laser is
limited in power to 5 mW.
Class 3B lasers are hazardous if the eye is directly exposed to the beam. CD, DVD, and BD players
employ class 3B lasers for use, though the device itself is a class 1 laser as the beam is contained within
its casing. Lasers of this class may be up to 500 mW.
Class 4 lasers are hazardous to the eyes and skin. They can cause tissue damage if exposed, and extreme
caution is required with their use. Most industrial, scientific, and military lasers are class 4 lasers.
Light Pens and Light Guns
Wonder Mountain’s Guardian, at Canada’s Wonderland, is an interactive attraction employing light guns
to shoot at targets throughout the ride’s duration. A light gun is a device that sounds like a laser, in that it
would seem like it shoots light. However, this is not the case.

Light guns and light pens are devices that capture light from their surroundings. For applications such as
video games, they are usually pointed at screens that change their output based upon the input of a firing
mechanism. A good example of this is the NES zapper.
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The NES zapper has a sensor contained within that can detect changes in light levels over a short interval.
When someone “pulls the trigger,” it causes the game to flicker for a frame, whereafter a small white box
will appear momentarily for the zapper to read.

Screenshots of Duck Hunt gameplay and frame-after. The light gun sensor detects the change in colour if
pointed at the white box, and if it does, the user scores a hit.

One problem with this approach is that it only works for Cathode-ray tube (CRT) televisions. Modern
monitors that use liquid-crystal displays (LCD), light-emitting diodes (LED), or plasma screens are
unable to function this way. The reason why is that it takes too long for the display to refresh its display
for the light gun to detect. To compensate for this, newer systems use external light sources that are
controlled by the game software, such as those used by the Nintendo Wii.
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The Nintendo Wiimote is a device similar to the NES zapper in that it contains a sensor that, when
activated, detects light. However, it does not detect changes in the display but rather responds to an array
of LEDs that are calibrated to track where the remote is pointing.

The sensor bar’s LEDs are arranged in such a way that the Wiimote can measure small changes in
luminance based upon the angle the Wiimote is making with each one. After a trigonometric calculation
and comparison to the luminance of all 10 LEDs, the “pointer” has a known position to where it should
correspond to on the screen. This allows the Wiimote to be used at various positions, not restricting it to a
specific site.
Though the Wonder Mountain’s Guardian attraction uses proprietary technology that cannot be
showcased here, we can assume that it uses a similar system to that of the Wiimote, only at a much larger
scale.

PROPERTIES OF LIGHT

Properties of Light
The five (5) basic principles of light are: 1) Light travels in straight lines 2) Light reflects off surfaces 3)
Light refracts when passing from one medium to another 4) White Light is formed by the mixing of the
composite colours of the visible EM spectrum 5) Light diffracts when passed through a narrow aperture
(providing evidence of the wave nature of light which is looked in Grade 12 Physics).
Light Travels in Straight Lines
This first property of light is fairly straight forward, pardon the pun. Light while shining through a
consistent and uniform medium will not deviate from its trajectory or path. We represent light in diagrams
with straight arrowed lines called Light Rays (remember your Math definition of a ray).
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Light Reflects Off of Surfaces
Light is Absorbed, Reflected or Refracted by materials and media. Reflected light is the light we see from
the world around us. Believe it or not all the colours and tones we see from objects that do not produce
their own light is reflected light. If the object is black the object has absorbed the light. The Law of
Reﬂection states that the Angle of Incidence (Angle A) is equal to the Angle of Reﬂection (Angle B).
Simply, the angle of the light directed at a surface will be the same as the angle of the same beam of light
off of the surface relative to the perpendicular (Angle A = Angle B). Angle A is often referred to as ΘI
and Angle B is often referred to as Θr, therefore Θi = Θr.

Mirrors are synonymous with reflection and are frequently used to help us understand reflection. A simple
exercise to help prove the Law of Reflection has a plane, or flat, mirror placed on the zero (0) line of a
protractor and a laser directed to the mirror at the T of the protractor (where 90 degrees meets the
0/180degrees line). Count the degrees from 90 of both the incident and reflected rays and they will be the
same. There are other types of mirrors other than Plane Mirrors. There are Concave Mirrors and Convex
Mirror. Both of these mirrors are curved mirrors. Concave mirrors have the reflective surface on the inner
side of the mirror while convex mirrors have the reflective surface on the outer side of the mirror. An
easy way to remember is: a cave goes in, a concave mirror goes in; an exit goes out, a convex mirror goes
out.
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Unlike Plane Mirrors Curved mirrors distort images. Take a spoon for example. If you look at the concave
or scoop side of the spoon you will see an upside down image of yourself. If you look at the convex side or
back of the scoop you will see just a part of your face or eye. This is a result of how each mirror reflects
light. A Concave mirror reflects the light toward a point in front of the mirror. This point where all the
reflected light meets is called the focal point. The reason an image appears upside down is because as the
light rays travel through the focal point the reflected rays from the top of the mirror are now below the
focal point that the reflected rays from the bottom of the mirror are now above the focal point.

Image

A Convex mirror reflects light outwards away from the centre of the mirror. Convex mirrors have a Focal
Point but it is a virtual focal point, as in it is not real and it is behind the mirror. The reason it is hard to
see images from a convex mirror is because only a small amount of the light from the object is available
for your eye to see.
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Light Refracts When Passing From One Medium to Another
Refraction is the changing of direction of light when it goes from one substance to another. A real life
example of refraction is when reach for something at the bottom of a pool with a stick or pole. It appears
that the stick has broken or bent but when you pull it out again is it straight as before you started. The
reason for this bending or changing direction is that light travels at different speeds in different substances
and when it hits these substances at an angle it bends. Another really good visual example of refraction is
directing white light at a prism. The material and the angles the prism creates slow the light down so
much that is breaks into the component colours of the electromagnetic spectrum. Try it and note which
colours bend most? Which colours bend least? Discuss and predict why this is?
The pool example looks like this:
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Every substance that light can travel through has what physicists call a Refractive Index (n). The
Refractive Index for air is ≈1 and the Refractive Index for Water is 1.333. Since the refractive index for
water is higher than the refractive index for air the light bends towards the perpendicular. The angle of
refraction is less than the angle of incidence. If the light were coming from the water to the air then the
light would bend away from the perpendicular since the refractive index of air is lower than the refractive
index for air. The angle of refraction is greater than the angle of incidence. Physicists calculate n by
dividing the speed of light in a vacuum(c = 3.00 x 108) by the speed of light in the substance (v). The
𝑐

formula looks like this: 𝑛 = 𝑣. This formula can be rearranged to find the speed of light through a
𝑐

substance as well: 𝑣 = 𝑛.
For example:
nwater= 1.333
𝑣𝑤𝑎𝑡𝑒𝑟 =
𝑣𝑤𝑎𝑡𝑒𝑟 =

𝑐
𝑛𝑤𝑎𝑡𝑒𝑟

3×108 𝑚/𝑠
1.333

𝑣𝑤𝑎𝑡𝑒𝑟 = 2.25 × 108 𝑚/𝑠
Snell’s Law
Another important formula for refraction experimentation is Snell’s Law. Snell’s Law is used to calculate
the expected angle of incidence or angle of refraction based on the substances’ Refractive Indexes.

𝑛𝑖 sin 𝜃𝑖 = 𝑛𝑟 sin 𝜃𝑟

For the Air to Water Example:
What is the Angle of Refraction if the Angle of Incidence is 40o?
nr(water)= 1.333 ni(air)= 1 𝜃𝑖(𝑎𝑖𝑟) = 40
𝑛𝑖 sin 𝜃𝑖 = 𝑛𝑟 sin 𝜃𝑟
(1) sin 40 = (1.333) sin 𝜃𝑟
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(1) sin 40
1.333

= sin 𝜃𝑟

0.482 = sin 𝜃𝑟
28.83 = 𝜃𝑟
∴ 𝑡ℎ𝑒 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑖𝑠 28.83 𝑑𝑒𝑔𝑟𝑒𝑒𝑠
Remember: if 𝑛𝑟 > 𝑛𝑖 then 𝜃𝑟 < 𝜃𝑖 .
Check: 28.83 is less than 40 so our calculation is likely correct.
You can also use Snell’s Law to find the Refractive Index of an unknown substance if you know the
angles of incidence and refraction.
Example:
𝑛𝑖(𝑤𝑎𝑡𝑒𝑟) = 1.333 𝜃𝑖(𝑤𝑎𝑡𝑒𝑟) = 30 𝜃𝑟(𝑢𝑛𝑘𝑛𝑜𝑤𝑛) = 48
𝑛𝑖 sin 𝜃𝑖 = 𝑛𝑟 sin 𝜃𝑟
1.333 sin 30 = 𝑛𝑟 sin 48
1.333 sin 30
sin 48

= 𝑛𝑟

0.897 = 𝑛𝑟
* This substance likely does not exist since its refractive index is less than one (1).
Remember: If 𝜃𝑟 > 𝜃𝑖 then 𝑛𝑟 < 𝑛𝑖 .
Check: 0.897 is less than 1.333 so our calculation is likely correct
Lenses
Lenses use the properties of refraction for a variety of purposes, in a variety of mechanisms. Eyeglasses,
microscopes, telescopes, and cameras all use lenses to shape and distort light to make it more useful. The
two main uses of a lens are to magnify or focus an image. Much like mirrors there are plane and curved
lenses. Plane lenses are essentially just windows and offer little to no magnification or focus. Curved
lenses however can make images larger, clearer, and sharper. Like Curved mirrors there are concave and
convex lenses; concave like a spoon, convex like a dome. Concave lenses disperse or spread out light
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coming into it while convex lenses focus the light down to a point. Meniscus lenses have a convex and a
concave surface and will behave differently based on the radius of the two surfaces.
Types of lenses

Converging (Positive) Lens

This is a positive lens since the focal point is behind the lens. Plano-convex lenses are also positive
lenses.
Diverging (Negative) Lens

The focal point of a negative lens is actually in front of the lens and the divergent rays appear to emanate
from this point. Plano-concave lenses are also negative lenses. Again, Meniscus lenses can be either
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positive or negative based on the radii of the two surfaces. To calculate the focal length of a lens of, the
distance from the lens to the focal point, we use the Lensmaker’s Formula:
1
𝑓

1

1

= (𝑛 − 1) [𝑅 − 𝑅 ]
1

2

𝑓 = 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ

𝑛 = 𝑅𝑒𝑓𝑟𝑎𝑐𝑡𝑖𝑣𝑒 𝐼𝑛𝑑𝑒𝑥 𝑅1 = 𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑒𝑛𝑠 𝑅2 =

𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑒𝑛𝑠

The human eye has a lens that refracts and focuses all the light that passes through the pupil on to the
retina. The retina turns the light into electric impulses and the optic nerve transfers the information to the
brain which interprets the impulses as an image.

Individuals that need corrective lenses (glasses or contacts) have a lens with a focal point that is not on
the retina leading to blurry images.
Activity: Eye Model
Materials: Shoebox, black paint, scissors or utility knife, coloured plastic filters, flashlight, glass jar or
cup, various transparent liquids (water, glucose solution, etc.)
Safety: Safety Goggles, Depending on liquids special handling instructions may be required
Procedure:
a) Paint the inside of the shoebox black
b) Cut two 5mm wide vertical slits 3-5cm apart in one end of the box
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c) Cover one of the slits with the coloured filter on the inside of the box
d) Shine flashlight at the end of the box with the slits
e) Observe where the lights strike the other end of the box
f) Turn off flashlight
g) Fill glass with water and place it inside the box against the end with the slits
h) Repeat d) and e)
i) Move the glass towards the other end until the two points of light touch this is the focal point
j) Record the distance from the glass to the focal point; this is the focal length
k) Repeat g) through j) but change the contents of the glass and see if the focal length changes
l) Calculate the Refractive Index of each “lens”
Assessment: (of learning) Submit Observations Sheet
Total Internal Reflection
Have you ever been underwater and seen a reflection of the bottom of the pool on the surface of the
water? This is Total Internal Reflection (TIR). Total Internal Reflection is a combination of both
reflection and refraction. When light strikes a barrier between media (i.e. the surface of glass) some of the
light reflects back into the substance it originated, this is internal reflection. Some of that light will also
continue on through the barrier and be refracted. When internal reflection occurs and there is also no
refraction of light or light passing through the barrier it is called Total Internal Reflection. Total Internal
Reflection can only occur when light originates in a substance with a higher n value than the substance
outside the barrier. TIR will occur with light originating in glass strike the barrier with air but will not
occur if the light originate in air and strikes the barrier with glass. This phenomenon is integral for
making fibre-optic cables for phone and internet signal transmission.
Total Internal Reflection in a block of glass

The key to TIR is the Critical Angle. We know that when light travels from one substance with a higher n
to another substance the light speeds up. The light refracts away from the perpendicular when striking the

22

barrier between the two substances at an angle. The Critical Angle is the angle at which when light strikes
the barrier the refracted ray travels parallel to the barrier between the two substances. Any light that
strikes the barrier at an angle greater than the Critical Angle will be totally reflected. Any light ray
striking the barrier at an angle less than the Critical Angle will be refracted.

3D Displays

3D movies and video games have become very popular again in recent years. The new Guardian
attraction at Canada’s Wonderland takes
park goers on a 3D adventure through
the iconic Wonder Mountain. Although
the technology and presentation has
changed since the days of the old red
and blue glasses the principles are
essentially unchanged. 3D films go back
as far as the 1920s but were most
popular in the 50s and 60s as theatre and
production companies tried to find new
ways to fill seats. 3D films work by confusing or tricking the brain that it is seeing two perspectives of an
image on a flat screen. Humans see in three dimensions because we have two eyes. Since human eyes are
slightly apart each eye sees a slightly different image while looking at the same thing. Look at an object.
Continue looking at the object and close or cover one eye. Now cover the other eye. You will notice that
the image is slightly different for each eye. 3D film
makers took this idea and made films with two images
and overlaid them slightly off, about as much as the
distance between the eyes. In the early years of 3D
these two images were often projected with colour
filter, predominantly green and red, or blue and red.
The memorable cardboard 3D glasses with a red and
blue/green lens would then filter out one image for
each eye. One eye would only see the red image and
the other eye would only see the blue/green image.
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Since the two images are slightly different and the perspectives are about the same distance apart as
human eyes the brain is tricked into seeing depth on a 2D surface. The problem with these early 3D films
was that since the filters were colour based, red and blue/green it limited the range of colours people
could see. (Why did they use only red, blue, or green filters?)(primary light colours) The resurgence of
3D films and displays is due to the ability to film in full colour. The technology has changed slightly but
has made a big difference in the movie experience. Instead of using coloured lenses to filter the images,
cinematographers are using polarization.
Polarization of light has nothing to do with making it colder. Polarization of light allows us to make light
travel in specific ways. In grade 12 the wave nature of light is investigated. This is what leads to
diffraction of light through a slit. To keep it simple light travels in two perpendicular planes. Polarizing
filters allow only one line to travel through them.

Polarizing filter

Polarized light still exhibits all the colours of the visible spectrum but the light only travels on one plane.
So like the early projectors there are two images being projected off by the width of human eyes but now
instead of red and blue/green one image is projected with the light travelling only on the vertical plane
and the other image only on the horizontal plane. The glasses now have polarized lenses that allow only
one plane of light to travel through each lens. These two images again trick the brain into seeing a 3D
image on a 2D surface. You can test the polarization of your glasses by taking two of the lenses and
stacking them on top of each other. Shine a light through them and rotate one of the lenses. You will
notice that the light will shine through but at certain points the lens will not let any light through. The
polarized filters are now perpendicular and block both the vertical and horizontal planes.
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AMUSEMENT PARK ACTIVITY

Activity: Point and Click
Introduction:
Students will be exhilarated with the attraction and will not likely be so entranced by empirical
measurements of the ride throughout its course. But this attraction provides a great opportunity to learn
about the applications of trigonometry! We present hypothetical scenarios where students will be
calculating the inputs of various LEDs into a light gun.
Materials: Worksheet, calculator
Procedure:
Consider the following situation. You are a QA tester at Canada’s Wonderland and are tasked with
performing a diagnostic on Wonder Mountain’s Guardian. The light guns used for the attraction are
highly accurate devices that must be calibrated regularly to ensure the best possible visitor experience, so
it is essential that you perform this task correctly. To perform the diagnostic, the following occurs:

8.0 m

4.0 m

3.5 m

Your cart enters the attraction space at the left edge of a large screen located 3.5 m away from the cart’s
centre. The screen is 8.0 m wide and 4.0 m high, and the cart passes by the screen on a straight track
located 2.0 m above the bottom edge of the screen. Located just behind the projector screen at each corner
are light-emitting diodes (LEDs) that emit infrared light that is only detectable by the cart’s light guns.

25

The light gun collects data on the distance and angle between each LED and the light gun, relaying that
information to the game program. The game scores a hit on that area of the screen based upon this
information.
The following formulas will be helpful:
𝑎2 + 𝑏 2 = 𝑐 2 : Pythagorean’s Theorem
cos 𝑎 =

𝐵2 +𝐶 2 −𝐴2
2𝐵𝐶

: Law of cosines for the following triangle
C

a

B

A
Please have your students consider how to interpret the angle their light gun makes with each corner of
the screen before they ride the attraction. While they will unlikely be able to complete the quantitative
exercise until coming back to school, the qualitative questions may be answered.
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Wonder Mountain’s Guardian Worksheet
What are the distance and angle between the gun and each LED?
Cart

Gun

position

position

4 m left of

Aim at

middle

LED TL

2 m left of

Aim at

middle

LED BL

Middle of

Aim at

screen

LED MID

2 m right of

Aim at

middle

LED TR

4 m right of

Aim at

middle

LED BR

LED TL

4.03 m; 0°

4.5 m; 52.8°

LED TR

LED BL

LED BR

LED MID

4.03 m;

5.32 m;

59.5°

55.1°
7.23 m;
85.6°
3.5 m; 0°

Why would there need to be more than one LED available for the light gun to detect?
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
What do you think would happen if an LED burnt out? Would the attraction still work?
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
Would the 3D elements in Wonder Mountain’s Guardian affect the targeting system? Why or why not?
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
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IN-SCHOOL ACTIVITIES

Properties of Light Activity: Peep Hole
Materials: Light source, ruler, three (or more) cards, hole-punch, dark surface (construction paper, shirt,
wall, etc.)
Procedure:
a) Using the pin or hole-punch make a hole in each the cards in approximately the same spot
b) Fold each card in such a way that it will stand up and you can still see the hole
c) Line up the cards at 3cm intervals in line with the dark surface
d) Place light source at one end of your line of cards directed at the cards
e) Observe the dark surface if: you cannot see a light manipulate/adjust the cards until you can; you can see
a light move the cards further apart and closer together. What happens to the light? Does the light move?
Does the light change in shape or size? Discuss and record your observations.
f)

Slowly turn the last card. Observe the light on the dark surface. How does the light change? Does the light
move? Does the light change in shape or size? Discuss and record your observations with words.

Assessment Question: (of learning) Is there a way to change the direction of light?
(reflection, refraction)
Properties of Light Activity: Mirror Maze
Materials: Laser pointers, flash lights, collection of plane and curved mirrors, various obstacles
(classroom items), blank paper/tracing paper
Safety: Goggles (polarized) – lasers emit high density congruent light which can have adverse effects on
eyesight, Glass Hazard – Mirrors are often made of glass and make break if handled roughly or knocked
over leaving sharp edges
Procedure:
a) Make a target on the blank paper
b) Place a number of obstacles between the laser or flashlight and the target.
c) Place the mirrors in sequence so the light hits paper. Find Angle of Incidence and the Angle of Reflection
for each plane mirror used in the maze.
d) Reconfigure the obstacles and try again. Consider which type of mirror you used most? Plane or Curved?
e) Build a maze for another group and have another group build on for you.
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f) Take out all the Plane Mirrors and try to complete the maze with just curved mirrors. What did you have
to think about when using only curved mirrors?
Ext) using a flashlight as the light source, complete a Mirror Maze with circular targets and use the
properties of concave and convex mirrors to change the size of the beam to match the target.
Ext) using a flashlight as the light source make a shadow puppet silhouette and trace it at the end of the
Mirror Maze. Make the image smaller or larger.
Var) skip step f) and provide only plane mirrors
Assessment Question: (as learning) After experimenting and investigation of the properties of mirrors

give three possible applications for mirrors, one for each type of mirror.
Properties of Light Activity: Lose a Glass in a Glass
Materials: An (unmarked if possible) Pyrex Jar, A smaller (unmarked if possible) Pyrex Jar that will fit in
the first Jar, glycerol or 75% glucose/water solution
Safety: Goggles, Paint Thinner is poisonous if consumed, glucose solution may require heat to make it
supersoluable and should be make before hand
Procedure:
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a) Place the smaller jar into the larger jar; discuss observations; predict what will happen when the solution
is added to the jars
b) Fill the smaller jar with glycerol or glucose solution
c) Fill the space around the smaller jar with solution; record observations; Why can’t we see the small jar
anymore? (since the n values for the Pyrex and the solution are nearly the same there is little to no
refraction or bending of light at the barrier so light will continue on its initial path rendering the glass
invisible)
Assessment: (as/of learning) Students submit a Ray diagram of what they think happened
Properties of Light Activity: Laser Splash
Materials: Clear plastic bottle (the bigger the better), water, scissors or utility knife, laser pointer, bucket,
plasticine
Safety: Goggles (polarized), laser can have adverse effects on vision if directed in eyes, sharp objects may
result in cuts
Procedure:
a) Using the scissors or knife make a hole in the side, near the bottom of the bottle
b) Cover the hole with plasticine
c) Fill the bottle with water and check for leaks around the hole; fix plug if you see leaking
d) Hold the bottle over the bucket
e) Turn on the laser pointer and direct it at the hole through the bottle
f) Holding the bottle upright remove plug from the hole allowing the water to pour into the bucket
g) Watch the splash in the bucket. What colour is it?
The stream of water creates a barrier between the water and the air. Since water’s n is greater than air’s n
we have created conditions for TIR. The light from the laser is reflecting inside the water stream and
illuminating the contact point, the splash, in the bucket. This is very similar to how the fibre-optic cables
that transmit internet and phone signals.
Properties of Light Activity: Finding Critical Angles
Materials: Protractor, several blocks of different transparent materials (ideally semicircular), laser pointer
Safety: Goggles (polarized), laser may have adverse effects of vision if directed into eyes
Procedure:
a) Place a transparent block on the protractor so you can see and record angles

30

b) Turn on laser pointer and direct it at the centre of the 0/180 degrees line so you can see a TIR ray
c) Move the laser pointer along the edge of the transparent block directing at the centre of the protractor
until there is no TIR ray
d) Record the angle on the incident ray from zero (0)
e) Subtract angle from ninety (90) to get Critical Angle for that substance
Assessment Question: (as learning) Total Internal Reflection is an important property of materials used
for fibre-optics. Based on your observations which of the materials would be best suited for making fibreoptic cables? Explain. Are there other reasons why your chosen material might be used or not used? (The
material with the smallest critical angle will allow for more transmission and less opportunity for
refraction and subsequent loss of information.)
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Critical Angle

Name:

Total Internal Reflection (TIR) is an important property of materials used for fibre-optics. The Critical
Angle is the threshold between Refraction and TIR. Today you will need to find the Critical Angle of
several substances.

Material

Angle

Critical Angle (90—
Angle)

1) Based on your observations which of the materials would be best suited for making fibreoptic cables? Explain.
2) Are there other reasons why your chosen material might be used or not used?
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Eye Model

Name:

The lens in the human eye is designed to focus incoming light on to the retina. The optimal lens
will have a focal length that equal to the distance of the lens from the retina. Today you will be
exploring how the eye works by making a lens out of a glass jar filled with various materials to
discover their focal lengths. Then using the Lensmaker’s formula you will calculate the Refractive
index (n) of each lens.

Material

Focal Length (f)

Refractive Index (n)

Calculations:
Lensmakers’ Formula
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