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Overall Expectations 

1. Analyze how properties of light and color are applied in technology   
 and the impact of these technologies on society;

2. Through inquiry, investigate the properties of light and predict its   
 behavior in mirrors and as it passes through different media;

3. Demonstrate an understanding of characteristics and properties of light,  
 particularly with respect to reflection and refraction and the addition and  
 subtraction of color

While engaging in the Laser Quest games, students will be exposed to red laser light reflecting in mirrors, and 
refracting in the simulated fog. They will see that the light beam isn’t visible until it refracts off the tiny particles 
suspended in the simulated fog. Students will also learn that the laser light used is only for aiming purposes 
(practical application of a focused concentrated beam) but the actual “tagging” is triggered by an infrared beam 
(that cannot be seen) and has a diffused light beam allowing for a broader target range (the same technology 
used with TV remote controls).

The interactive classroom presentation will discuss the various properties and characteristics of light, particularly 
with respect to reflection, refraction and dispersion.  The visible spectrum will also be explored along with 
rainbows – the perfect example of these behaviors.

Pre-event and post-event resources will be available to Teachers to reinforce concepts.

TEACHEr’S rESOUrCES:
LIGHT AND OPTICS



1. List three technological devices that make use of light.

2. What social benefits do they have?

 

3. List three procedures designed to make use of light.

 

4. Describe the behavior of light rays reflecting off concave and convex   
 mirrors.

5. Describe light refraction and light reflection.

PrE-EvENT
ExErCISE A



1. List three technological devices that make use of light.
•	 Class 2 laser beam emitters 
•	 Solar panels capturing light from the sun
•	 Telescopes

2. What social benefits do they have?
•	 Laser eye surgery provides a permanent solution for those that have vision impairments.
•	 Solar panels allow us to generate and store power in a more efficient and environmentally friendly way.
•	 Telescopes have been very instrumental in significant discoveries in and beyond our solar system over the 

past few decades. 

3. List three procedures designed to make use of light.
•	 Skin treatment procedures utilize infrared light to tone skin and remove blemishes.
•	 Procedure to gauge travel speed of vehicles by police officers using special cameras.
•	 Sanitizing medical equipment utilizing ultra violet light

4. Describe the behavior of light rays reflecting off concave and convex mirrors.
Light always reflects according to the law of reflection, regardless of whether the reflection occurs off a flat 
surface or a curved surface. A curved mirror can be thought of as consisting of a very large number of small 
flat mirrors oriented at slightly different angles. The laws of reflection always apply, regardless of the shape or 
smoothness of the surface.

5. Describe light refraction and light reflection
•	 Light Reflection - Reflection is defined as the bouncing back of a ray of light into the same medium, when it 

strikes a surface. It occurs on almost all surfaces - some reflect a major fraction of the incident light. Others 
reflect only a part of it, while absorbing the rest.

•	 Light Refraction - Refraction is the bending of a wave when it enters a different medium which changes the 
speed of the light. The refraction of light when it passes from a fast medium to a slow medium bends the 
light ray toward the normal to the boundary between the two media. The amount of bending depends on the 
indices of refraction of the two media. 

Reflection of light from surfaces is governed by the Laws of Reflection:
1.	 The incident ray, reflected ray and normal at the point of incidence lie on the same plane.  (The normal is an 

imaginary line that runs perpendicular to the border between two media.)
2.	 The angle which the incident ray makes with the normal (angle of incidence) is equal to the angle which the 

reflected ray makes with the normal (angle of reflection).

PrE-EvENT 
ExErCISE A- ANSwErS



PrE-EvENT 
ExErCISE B

1.  List the main differences between light reflection and light refraction.

2. Give three examples of how properties of light and color are applied in present   
 technology.

3.  For each example above, list the positive impacts these technologies have on   
 society.

4. Describe the behavior of light such as a laser on flat surface mirrors.

5. Describe the behavior of light directed at surfaces other than mirrors.



1. List the main differences between Light Reflection and Light Refraction.
•	 Light reflection is the turning back of a ray of light when it encounters the edge of a medium where as light 

refraction is a directional change of light due to a change in its speed as it moves from one medium to 
another.

2.  Give three examples of how properties of light and color are applied in present   
     technology.
•	 Color monitors
•	 High definition televisions
•	 Traffic Lights

3.  For each example above, list the positive impacts these technologies have on 
society.
•	 Color monitors allow computers to be used for a range of artistic functions not possible on black and white 

monitors
•	 Clearer and more realistic images on high definition TVs enable us to enjoy and appreciate    

movies in a way not possible with traditional TVs
•	 Traffic lights keep traffic moving in an orderly and timely fashion.  Without them there would be chaos at the 

intersections

4.  Describe the behavior of concentrated light such as a laser on flat surface mirrors.
Mirrors are typically smooth surfaces, even at the microscopic levels. As such, they offer each individual ray of 
light the same surface orientation.  In this case, you will see a mirror-like reflection of light from a surface, in 
which light from a single incoming ray (laser) is reflected in a single outgoing direction.  This is called
Specular Reflection.  

5.   Describe the behavior of light on surfaces other than mirrors.
Most objects which reflect light are not smooth: your clothing, the walls of most rooms, most flooring, skin, 
and even paper are all rough when viewed at the microscopic level.  The result is that reflection is diffused.  
The Law of Reflection still applies in that the angle of incidence equals the angle of reflection when measured 
from the normal.  Diffused Reflection is the reflection of light from a rough surface such that an incident ray 
is reflected at many angles (as it hits the differing parts of the surface) rather than at just one angle, as in the 
case of Specular Reflection.

PrE-EvENT
ExErCISE B- ANSwErS



1. How did light reflection influence your strategy while playing Laser Quest?

2. How would your strategy change if the mirrors in our arena were only concave   
 and convex?

3. Describe how light refraction allows us to see the laser beam in our arena.

4. Where do you have to be in relation to the sun and the rainbow to actually see the  
 rainbow?

In detail, explain why.

5.  Describe the term “dispersion” and how it relates to the Visible Spectrum.

POST-EvENT
ExErCISE A



1. How did light reflection influence your strategy while playing Laser Quest?

**Students perspective**

2.  How would your strategy change if the mirrors in our arena were only concave and     
     convex?

**Students perspective**

3. Describe how light refraction allows us to see the laser beam in our arena.
The light from the laser beam refracts in the tiny water droplets that the fog is made up of and reflects off the 
back of these droplets allowing us to see the lasers path.

4. Where do you have to be in relation to the sun and the rainbow to actually see the   
    rainbow?

The light beams from the sun have to travel past your eyes through the fog, mist or rain which is in front of you.  
You have to be between the sun and the rainbow to actually see it.

 

5. Describe the term “dispersion” and how it relates to the Visible Spectrum
White light is made up of different colors.  Each color has a different wavelength and travels at different speed.  
When light hits a medium, like a lens or prism, it is refracted and disperses into the separate colors of the 
spectrum.  The visible spectrum is the separation of colors of white light that can be recognized by the
human eye.

POST-EvENT 
ExErCISE A- ANSwErS



1.  How did light reflection influence your strategy while playing Laser Quest?

2.  List three examples of how light reflection is utilized in our everyday life.

3.  How effective would the red laser beam be if fog was not present in the maze?

  

Why?

4. Where do you have to be in relation to the sun and the rainbow to actually see the  
 rainbow?

In detail, explain why.

POST-EvENT
ExErCISE B



1. How did light reflection influence your strategy while playing Laser Quest?

**Students perception**

2. List three examples of how light reflection is utilized in our everyday life.

•	 Light reflection to illuminate buildings during the day while saving energy.
•	 Rear view mirrors on cars to see behind them.
•	 Surveillance mirrors in public areas to see reflecting images.

3. How effective would the red laser beam be if fog was not present in the maze?

•	 Not very effective.  

Why?
The laser beam requires a reflecting medium, which the water droplets in the fog provide, allowing us to see
the beam.

4. Where do you have to be in relation to the sun and the rainbow to actually see the   
    rainbow?

The light beams from the sun have to travel past your eyes through the fog (or reflective medium) which is 
in front of you. You have to be between the sun and the rainbow to actually see it.  The light refracts when 
entering the water particles, reflects off the back and then refracts again on exiting the particle.  We see the 
refracted light from the droplet.   The raindrops act as prisms and split the beam of light into the spectrum we 
can see.  However, we only see one color from each drop as the colors refract at different angles and the eye 
will take in the different colors forming the whole rainbow from the different layers of droplets.

POST-EvENT 
ExErCISE B- ANSwErS



LASEr QUEST LIGHT & 
OPTICS DEfINITIONS

Reflection:  Reflection is the turning back of a ray of light when it encounters the edge of a medium.

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

The Angle of Incidence:   The angle between the incident ray and the normal. 

The Normal:  A construction line drawn perpendicular (90°) to the surface at the point of incidence.

The Angle of Reflection:  The angle between the reflected ray and the normal.

Refraction: Refraction occurs when there is a change in direction of light waves due to a change in the speed 
of light as it passes from one medium to another of a different density.

The Angle of Refraction:  The angle between the refracted ray and the normal.

Dispersion:  The separation of visible light into its different colors is known as dispersion.  The reason it 
happens is that these different colors travel at different speeds.  The white light enters the prism, hits the differing 
angles and splits or disperses into the spectrum colors.  

Visible Spectrum:  The portion of the electromagnetic spectrum that can be seen by the human eye.

The Electromagnetic Spectrum:  A continuum of electromagnetic waves or energies that include radio 
waves, microwaves, infrared, visible light, ultraviolet, x-rays and gamma rays.



Absolute index of refraction:  The ratio of the speed of light in a vacuum (c) to the speed of light in another 
given medium (v).

Angle of deviation:  When light passes from air into glass and then back into air, if the refracting surfaces are 
not parallel (like a prism), then the emerging ray takes a different path than the initial incident ray. The angle between 
the emerging ray and the incident ray is called the angle of deviation.

Angle of incidence:  The angle between the incident ray and the normal.

Angle of reflection:  The angle between the reflected ray and the normal.

Beam:  A combination of several rays of light.

Concave mirror:  A mirror with a surface that converges reflected rays.

Convex mirror: A mirror with a surface that diverges or spreads reflected rays.

Critical angle:  A unique angle of incidence that results in a refracted angle of 90°. This only happens when light 
passes into a more optically dense medium.

Diffuse reflection:  Parallel incident rays that are reflected in various directions from a rough surface.

Direct lighting:  Light travels straight toward an object or surface that produces
sharp shadows. 

Electromagnetic spectrum:  A continuum of electromagnetic waves or energies that include radio waves, 
microwaves, infrared, visible light, ultraviolet, x-rays, and gamma rays.

Incandescent body: A body that emits light after being heated (e.g. a light bulb).

Incident ray:  A ray approaching a surface.

Indirect lighting: Light that reflects off one or more rough surfaces resulting in few or soft shadows. Indirect 
lighting is sometimes called soft lighting or diffuse.

Luminous body: A body that emits light waves (e.g. the sun).

Luminous flux:  The rate of flow of light energy or power of visible light emitted from a light source, measured 
in lumens

Luminous intensity:  The amount of light or brightness that is given off by a light source, measured in 
candelas.

Non luminous body:  A body that reflects light (e.g. the moon).

LIGHT DEfINITIONS



Normal:  A construction line drawn perpendicular (90°) to the surface at the point of incidence.

Opaque:  An object or material that does not allow light to pass through.

Partially reflected ray:  Some of the incident ray refracts and passes through a medium, while some of the 
light (partially) simply reflects off the boundary surface.

Principal axis:  A construction line drawn through the vertex and center of curvature.

Principal focus: A point on the principal axis where parallel rays reflect and converge or appear to converge 
(sometimes called focal point).

Point of incidence:  Where an incident ray strikes a surface.

Ray:  A hypothetical line used to represent a single stream of light. Rays show the path of light but do not exist in 
nature.

Real image:  An image that can be focused or projected on a screen.

Rectilinear propagation:  Light travels in straight lines (sometimes just called linear propagation).

Reflected ray:  A portion of the incident ray that leaves or reflects a surface at the point of incidence.

Refraction:  The bending of light that takes place at a boundary between two different mediums. Refraction is 
due to a change in the speed of light as it passes from one medium to another.

Specular reflection:  Parallel incident rays that are reflected parallel from a smooth surface (sometimes 
called regular reflection).

Translucent:  Objects that allow some light to pass through but diffuse or scatter in the process. A clear image 
is not visible through this object.

Transparent:  Objects that allow light to pass through them so that a clear image is visible.



Newton was an astronomer, physicist, mathematician and philosopher who is known for theorizing and reporting 
on gravitational force and the three laws of motion. Sir Isaac Newton was born in Lincolnshire, England, on 
January 4, 1642, and died on March 31, 1727 in London, England. 

Our modern understanding of light and color begins with Isaac Newton (1642-1726) and a series of experiments 
that he published in 1672. He is the first to understand the rainbow — he refracts white light with a prism, 
resolving it into its component colors: red, orange, yellow, green, blue and violet. 

Newton set up a prism near his window, and projected a beautiful spectrum 22 feet onto the far wall. Further, to 
prove that the prism was not coloring the light, he refracted the light back together. 

This diagram is from Sir Isaac Newton’s crucial experiment, 1666-72. A ray of light is divided into its constituent 
colors by the first prism (left), and the resulting bundle of colored rays is reconstituted into white light by
the second.

Newton’s dual prism experiment. White light is passed through a prism, producing a spectrum. The light 
of the spectrum is blocked by a screen with a narrow slit, allowing only one color of the spectrum to pass through. 
This one color of light passes through a second prism. If the prism simply added additional colors to light, this 
color should again produce a spectrum. But the light that emerged from the second prism was the same one color 
that entered it. This proved that a prism did not add colors to light.

SIr ISAAC NEwTON

Slit lets only one 
color through

Spectrum

Prism

White Light



He discovered that when the light came out of the other side of the next prism, it was still the same color as when 
it went in. So the prism doesn’t change the light’s color. What the prism did do was to bend the path the light went 
on, so that it hit a different place than when the prism wasn’t there. When he tried different colors of light he found 
that the prism bent them all a little bit differently. That was why light that looked white, which had all the colors in 
it, made different colors when it went through the prism - the different colors all came out of it in slightly different 
directions.

The most common example of a spectrum is the rainbow created in nature. 

The rainbow is caused by sunshine (white light) shining on water droplets that are in the air just after a summer 
shower. Thousands of these water droplets break up the light, just like Sir Isaac Newton’s prism. Can you make a 
rainbow? Of course! Make your own rainbow by turning on the garden hose, which has a nozzle that will make a 
fine mist, or spray.  Make sure the sunlight is coming over your shoulder. You have made a rainbow.

Light acts as a stream of particles and as waves. It is made of tiny packets of energy called photons. Light is made 
of various waves, but the length of these waves determine the color of light. Violet has about 70,000 waves to the 
inch and red light has about 40,000 waves to the inch. Where will you find the other colors? 

All the other colors are in between the light spectrum.

There are colors which are invisible. These are called infrared and ultraviolet. The human eye is unable to see 
these colors, but science has special photographic films which can see them.

We do not know of anything in our universe that travels faster than light. The sunlight we see today left the sun 
93 million miles away to reach us about 10 minutes later. Light from stars farther away may have taken billions of 
years to reach our eyes. How many times can light travel around the world while you are saying your name?

More than four times.

http://www.light-science.com/lightprism.html



“Who discovered the Visible Spectrum?” Sir Isaac Newton. He believed that diffused light was a 
combination of many different colors.  Colors in the visible spectrum are:
Violet, Blue, Green, Yellow, Orange, Red

 

Cyan and Indigo are the two other colors we see but they are not as prominent as the others.  Cyan is between 
Green and Blue and Indigo is between Blue and Violet.

Rainbows:  When a Rainbow is present you can see Reflection, Refraction and the Visible Spectrum all 
together.  

Refraction:  This occurs first when light rays from the sun refract off the surface of tiny water particles in the air 
(raindrops, mist from water falls etc…)

Reflection:  After the light refracts off the water particles, it then reflects off the back of the droplet.

Visible Spectrum:  This process of refraction and reflection allows us to see the rainbow as the light rays go 
through dispersion in the mist creating a rainbow. The colors of a rainbow are those of the visible spectrum.

You must be between the sun’s rays and the water source to see the rainbow effect.

vISIBLE SPECTrUM



http://www.teachersdomain.org/resource/phy03.sci.phys.energy.lp_emspect/

http://www.webexhibits.org/causesofcolor/13.html

TEACHEr rEfErENCES:
wEBSITES fOr fUrTHEr 
INfOrMATION

http://www.buzzle.com/articles/wavelength-of-visible-light.html  

Visible Spectrum Chart

http://astrophys-assist.com/educate/solarobs/ses01p04.htm

Rainbows

http://ww2010.atmos.uiuc.edu/(GH)/guides/mtr/opt/wtr/rnbw/frm.rxml

Reflection

http://www.physicsclassroom.com/curriculum/refln/



LASErS AND MAZES:

Contact your local Laser Quest Centre to 
learn more about the Lasers and Mazes 
Program that is designed for Grades 4 
to 8.  This exciting program introduces 
students to the fascinating world of laser 
light and the history of mazes, and how 
Laser Quest fits with both.



LIVE ACTION LASER TAG AT ITS BEST!
WWW.LASERQUEST.COM


