
Science Teaching Alive workshops First draft  16 Jan 2015

The reflection of light   

Teachers’ notes  

These notes come from the website www.scienceteachingalive.com, where you find the video
Reflection of light (also called Laws of reflection in the opening screen in the video)

Concept map 

The video focuses on reflection and so this concept map focuses on the same aspect of light.
There’s another video on the Science Teaching Alive website called Images in convex lenses.
For that video the concept map is a little different. 
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Figure 1  The eyes in this diagram
can see both sides of the person,
because light is reflecting off all the
objects on the room. 

Figure 2 The glass surface of the mirror is very
smooth. Rays that reflect off it travel onward in the
same direction, and can form an image.

Figure 3 The surface of a smooth-looking sheet
of paper is not smooth if you use a microscope
and look closely. Rays reflect off it in different
directions and cannot form an image  .

In the video, Brian opens with two fundamental ideas: 

Fundamental idea 1  If I see something, it is because light has
travelled away from that thing and some of the light has entered my
eye. The light transfers energy to the nerves in the retina (the layer of light-
sensitive cells inside and at the back of the eye). Those cells use the energy to
create electrical signals that travel along the optic nerve to a part of the brain.
There, the brain “tells” me what I am seeing.

Fundamental idea 2   If I can see an object, it means that light is
coming from it.  If the object is a lamp or a candle-flame or the Sun or the
computer-screen, the idea is easy to understand – such things give off light.
(They are called luminous objects.) 

But 99% of the things we see are not luminous: instead they
reflect light that comes from luminous objects. If we are in a
room, and I can see you, the reason is probably that light
from the Sun is being reflected off walls, trees, clouds or the
ground outside. That light then bounces off these many
things outside and some of it travels through the window.
Then it hits the ceiling, walls, furniture, you and other people
and some of it travels into my eye. 

Because the light is bouncing off many surfaces in the room,
there is some light hitting all sides of each object. So I can
see the light bouncing off your face but if I go around behind
you, I can also see your back because light is bouncing off
your back also, and into my eyes. Figure 1 shows what is
happening. 

Now that is the general theory of reflective objects. 

White paper reflects light well, and a white wall outside a room may make the
room very bright.  But you can’t see yourself if you look at a sheet of white
paper. 

Yet you can see yourself if you hold a mirror in front of your face. What’s going
on? How can we explain why a mirror and white paper reflect differently?

Under a microscope, you would see that the surface of a piece of paper is not
smooth at all. Each little surface obeys the law of reflection, but the surfaces lie
at many different angles to the incoming light.

The mirror gives specular reflection (also called regular reflection)
and the paper gives diffuse reflection. 
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Figure 4 Light comes from the
window, ceiling and walls. It
reflects off the pencil point and
then travels away in all
directions from the pencil. All
those directions are called
rays.  We will pick just one of
these directions and draw it in
a ray diagram.

See Task 7 in the
student worksheet
starter-pack; it  sets
these ideas as 4
questions.  A teacher
who did this activity, Pam
Robertson who teaches
Grades 10 to 12 in Cape
Town, writes: [I gave
them] the activity where
they have to draw rays of
light showing how we
see.  I knew they would
struggle but even I was
surprised at how difficult
they found it.  Majority
chose Statement D (  If
there is light in the room,
my eye can see the
person) when presented
with options.

You can read more on diffuse and specular reflection at
http://www.physicsclassroom.com/class/refln/Lesson-1/Specular-vs-Diffuse-Reflection 

Why students misunderstand ray diagrams 

When you watch the video, you see Brian using kebab sticks to
trace (or mark) rays of light. He selects one ray that comes from
the pencil to his eye, but light is reflected off the little yellow pencil
in all directions – left, right, up, down.  To understand reflection
we choose the light travelling in just one of these directions.  We
call this light a “ray”.

Many books simply show one ray in a diagram and say nothing
about the millions of other rays that were left out of the diagram.
We should first show students a picture like Figure 4, before they
see the single-ray diagrams.

Misconceptions that people have about light

Though light is something we see all day, people have struggled to
understand just what light is, and how we see. Some of the best
minds, from Isaac Newton to Albert Einstein, worked on the
question. So it’s no surprise if people nowadays don’t have a clear
understanding of light. 

Here are four responses that you might get if you ask people, how
do we see things?

The idea that there is nothing to explain – we can simply
see. 

Some learners do not find it necessary to explain how we see – we
do see, and that is all there is to it; no further explanation is
necessary. 

But of course, science asks questions about how we see and what
light does. As soon as we ask learners why a stick looks bent when
we put one end under water, it becomes clear that there is a real
question about how we see.

The idea that light fills the room like air fills the room 

The learners think of light as a bath of light; it just fills the room, in
the way that air does. The light simply “brightens things” so that the
eye can see the things. The learners do not think of light as energy
coming from a source, bouncing off objects in the room and entering
the eye.

Now when we teach ray diagrams, these learners may think, “light
just fills the room, the way air does – so why draw arrows?”

The idea that vision is a power that goes out from the eye

Some learners have a strong mental picture of seeing or vision as
something that goes out from the eye, to hit the thing they are
looking at. Comic books sometimes a super-hero with X-ray vision –
there’s an arrow going out from a character’s eye. Then there are
books that talk about someone having “piercing eyes”, a “penetrating
gaze”, or “he seems to look right through you”.
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Figure 5 You can use a biscuit box
or cereal box as a support structure .

The idea that light activates the eye’s power

The students who think of vision “going out” from the eye may also
believe that light enters the eye, but that it “empowers” or “activates”
the eye to send out its seeing power.

What should we do about these ideas? You might feel that all you have
to do is tell them the correct view, namely that light enters the eye and
transfers energy to the nerves that go to the brain.  But research tells us
that students may hear and repeat the words of the teacher, think that
they are agreeing with the teacher, but in reality they hold onto their
own mental picture of how they see, because it makes better sense to
them.   

So we have to help them express their ideas, so that they find out what
they actually think. Then they can contrast their ideas with the scientific
view, and decide whether their ideas are like the scientists’ view. 

Remember to read the student worksheet starter tasks 6 and 7.
You find the worksheet starter on www.scienceteachingalive.com  

Language problems in learning and teaching light

• In English the word “light” has several meanings. If your students
speak other languages at home, be sure to make clear which meaning
you intend when you say “light”.  Light can be two different nouns: a
lamp, or the energy that comes from the lamp (or the Sun). Light can
be a verb as in “let’s light up this dark cupboard”. And of course “light”
can be an adjective, as in “this bag is light, not heavy”.

• The words “reflection” and “refraction” sound similar, so pronounce
them clearly; try to have a diagram showing reflection, for the learners
to see, if you are speaking about reflection.  

Other materials you can use to make a
periscope

If you cannot find plumbing pipe of the kind that Brian
shows in the video, you can look for the cardboard tubes
that are in the centre of paper roller-towel. Another kind of
object you could use: cereals and biscuits are often sold in
a long cardboard box. You can strengthen the sides of the
box with an extra layer of thin cardboard. 

The small mirrors will have to go into slots you cut in the
cardboard, as you see in Figure 5.   

Activities that build on the the video

1 Left-right inversion of mirror images

Your students know that when they see their own image in a mirror, their
right hand looks like the left hand of the image. For example, let us say you
are wearing a watch on your left wrist.  When you look at your reflection in
the mirror, the image seems to have the watch on his/her right wrist. This
swopping of left and right is called lateral inversion in many textbooks.
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Figure 6 This is a model of a person in front of a mirror – you are seeing him from above.  Use pencils of
two colours and the kebab sticks to trace rays. Find the position of the images of both pencils.

Set the students the task of explaining with a ray diagram how this happens.
You’ll need to teach the them the basic method Brian uses in the video: view
the section from 0:55 to 3:35. Instead of using just one pencil, we’ll use two. 
Look at Figure 6.  Put down a yellow pencil on the paper to mark the left
hand, and a blue pencil to mark the right hand. So we have two objects,
Oyellow and Oblue  Draw a line on the paper to mark the mirror’s position, and
follow the method you see in the video to find the position of the image of the
yellow pencil. Then repeat the method to find the image of the blue pencil.

When you have traced the rays using the kebab sticks, you will find two
images, Iyellow and Iblue . But here’s the interesting thing: the yellow pencil’s
image appears on the person’s right hand, and the blue pencil on his left
hand. 

2 The distance of object and image from the mirror are the same, and the size of
the image is the size of the object 

Now you can get more learning from this activity, using the method that Brian
shows in the video. Work carefully and use a ruler to measure.

2.1 You (and your students) should find that the images  Iyellow and Iblue are the
same distance behind the mirror as the objects are in front.

2.2 You (and then your students) should also find that the hands of the object
person are just as far apart as the hands of the image person! In other
words, the size of the object is the size of its image. 

3 The ghostly flame in the water 

Here is a good demonstration to challenge your students to apply their
knowledge.  You need a large box, a sheet of clear glass (not a mirror), a
candle and a jar or beaker of water.  Figure 7 shows you what happens when
you have set it up correctly.  The students cannot see the real candle because
you have placed it inside the box. They see only the image of the candle that
appears to be inside the jar of water.  (This is the method by which stage
directors get a ghost to appear on stage!  The audience sees the reflection of
the hidden “ghost” actor in a large sheet of glass. )
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Figure 7 The candle seems to be burning inside
the jar of water. Figure 8 A ray diagram explains why the candle

seems to be inside the jar.

Figure 9 The image is as far behind
the glass as the real object is in front of
the glass. CG = GI

Figure 10 The light is reflected at the
first and the second surfaces of the
glass. Refraction happens at the first
surface, and so the second reflected
ray is shifted sideways.

How does this work? 

Glass has a smooth surface and it reflects some of the light
that strikes it. (Most of the light passes through the glass)

The ray diagram Figure 8 shows why the candle appears to
be in the water. 

The sheet of glass should be at least as big as an A4 page;
bigger is better. 

Use the edge of the box or a heavy object and some tape or
prestik to support the glass upright. If the glass is not
vertical, you will find it difficult to make the candle appear
inside the water. 

You will have to move the water-jar around until the candle
looks as though it is inside the jar.

Get set before the class comes in, so that they can’t see
where you have put the real candle.

Set up the demonstration in a shady part of the room; this
makes it easier to see the flame’s image. 

How to get more learning from this demonstration 

3.1 When the flame appears to be inside the jar, measure the
distance of the image (take the measurement from the
centre of the jar) and the distance of the flame from the
glass, as you see in Figure 9. The image will be as far
behind the glass as the flame is in front of the glass.

3.2 Ask the students to observe carefully – they should see
two flame images as in Figure 7. One image is formed
by reflection from the front surface of the glass and the
second, dimmer image is formed by reflection from the
inner surface of the glass. See Figure 10. 

Because the light is refracted at the first surface going in, and then
coming out, the rays from the inner surface are displaced and that
is why the second dim image appears to one side of the first image.
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