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Preface

ack when I was in university, there was a course titled Physics for Poets. At a
school where I taught physics, the same kind of course was referred to by
the students as Football Physics. The theory behind having courses like
these was that poets and/or football players, or basically anyone who wasn’t
a science geek, needed some kind of watered-down course because most of the
people taking the course were (and this was generally true) SCARED TO DEATH
OF SCIENCE.
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In many years of working in education, I have found that the vast majority
of primary school teachers, parents who home school their kids, and parents
who just want to help their kids with science homework fall into this category.
Lots of “education experts” tell teachers they can solve this problem by just
asking the right questions and having the kids investigate science ideas on their
own. These experts say you don’t need to understand the science concepts. In
other words, they’re telling you to fake it! Well, faking it doesn’t work when it
comes to teaching anything, so why should it work with science? Like it or not,
you have to understand a subject before you can help kids with it. Ever tried
teaching someone a foreign language without knowing the language?

©

H

aw

The whole point of the Stop Faking It! series of books is to help you understand basic science concepts and to put to rest the myth that you can’t understand science because it’s too hard. If you haven’t tried other ways of learning
science concepts, such as looking through a university textbook, or subscribing
to Nature, or reading the incorrect and oversimplified science in a primary school
text, please feel free to do so and then pick up this book. If you find those other
methods more enjoyable, then you really are a science geek and you ought to
give this book to one of us normal folks. Just a joke, okay?
Just because this book series is intended for the non-science geek doesn’t
mean it’s watered-down material. Everything in here is accurate, and I’ll use
maths when it’s necessary. I will stick to the basics, though. My intent is to
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provide a clear picture of underlying concepts, without all the detail on units,
calculations and intimidating formulas. You can find that stuff just about anywhere. Also, I’ll try to keep it light-hearted. Part of the problem with those
textbooks (from primary school through university) is that most of the authors
and the teachers who use them take themselves way too seriously. I can’t tell
you the number of times I’ve written a science curriculum only to have colleagues tell me it’s “too flippant” or “You know, Bill, I just don’t think people
will get this joke”. Actually, I don’t really care if you get the jokes either, as
long as you manage to learn some science here.
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Speaking of learning the science, I have one request as you go through this
book. There are two sections titled Things to do before you read the science stuff
and The science stuff. The request is that you actually DO all the “things to do”
when I ask you to do them. Trust me, it’ll make the science easier to understand,
and it’s not like I’ll be asking you to go out and rent a superconducting particle
accelerator. Things around the house should do the trick for most of the activities. This book does require some special equipment (filters and a diffraction
grating) for a few of the activities which can easily be purchased at a crafts or
science store.

©

H

aw

ke

rB

ro

w

By the way, the book isn’t organised this way (activities followed by explanations followed by applications) just because it seemed a fun thing to do. This
method for presenting science concepts is based on a considerable amount of
research on how people learn best and is known as the Learning Cycle. There are
actually a number of versions of the Learning Cycle but the main idea behind
them all is that we understand concepts best when we can anchor them to our
previous experiences. One way to accomplish this is to provide the learner with
a set of experiences and then explain relevant concepts in a way that ties the
concepts to those experiences. Following that explanation with applications of
the concepts helps to solidify the learner’s understanding. The Learning Cycle
is not the only way to teach and learn science, but it is effective in addition to
being consistent with recommendations from educational researchers on how to
use inquiry to teach science. In helping your children or students to understand
science, or anything else for that matter, you would do well to use this same
technique.
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The book you have in your hands, Light, covers three different scientific
models of what light is. Each model is useful for explaining different kinds of
observations. With those three models, you’ll be able to understand how and
why light bends, how optical instruments form images, what causes rainbows,
how to draw 3-D images, and why the sky is blue. There’s also an entire chapter
on how the eye works. I do not address a number of light topics that you might
find in a physical science textbook, choosing instead to provide just enough of the
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One more thing to keep in mind: You actually CAN understand science. It’s
not that hard when you take it slowly and don’t try to jam too many abstract
ideas down your throat. Jamming things down your throat, by the way, seemed
to be the philosophy behind just about every science course I ever took. Here’s
hoping this series doesn’t continue that tradition.

n

basics so you will be able to figure out those other concepts when you encounter
them. You might also notice that this book is not laid out the way these topics
might be addressed in a traditional secondary school or university textbook.
That’s because this isn’t a textbook. You can learn a great deal of science from
this book, but it’s not a traditional approach.

Acknowledgments

nl
ow

The Stop Faking It! series of books is produced by the NSTA Press: Claire
Reinburg, director; Carol Duval, project editor; Linda Olliver, art director;
Catherine Lorrain-Hale, production director. Linda Olliver designed the cover from an illustration provided by artist Brian Diskin, who also created the
inside illustrations.

rB

About the Author

ro

w

This book was reviewed by Pamela Gordon (Randall Middle School, Florida); Olaf Jorgenson (Director of Science, Social Sciences, and World Languages,
Mesa Public Schools, Arizona); and Daryl Taylor (Williamstown High School,
New Jersey).

©

H

aw

ke

Bill Robertson is a science education writer, teaches online maths and physics,
trains new faculty for the University of Phoenix and reviews and edits science
materials. His numerous publications cover issues ranging from conceptual
understanding in physics to how to bring constructivism into the classroom.
Bill has developed F–12 science curricula, teacher materials, and award-winning
science kits for Biological Sciences Curriculum Study, the United States Space
Foundation, the Wild Goose Company, and River Deep. Bill has a master’s
degree in physics and a Ph.D. in science education.

© 2017 Hawker Brownlow Education • 9781760019891 • NST9891

vii

tio

Ed
u

’m going to start this book with a rather simplistic view of what light is.
There are better explanations than the one I’ll use in this chapter, and I’ll
get to those later. But we’ll start with the simple explanation, because it’s
the easiest to understand and it does explain quite a few things. Also, historically, it’s the one that came first; hence the title of this chapter. However,
before I get to the explanation, you have a few things to do.
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Light — The Early Years
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Things to do before you read the science stuff
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Find yourself a torch, a piece of white paper, scissors, sticky tape, a pen or pencil,
an index card and a mirror with at least one flat edge (a rectangular hand mirror
works best). The mirror shouldn’t have a frame, so that you can set a flat edge
directly onto a sheet of paper, as shown in Figure 1.1.
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Figure 1.1
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Figure 1.2
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Cut a narrow slit (no more than a few millimetres in
width) in the index card, as shown in Figure 1.2.
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Now tape the cut index card over the front of the torch, so the open end of the
slit just meets the edge of the torch. Check out Figure 1.3.

Figure 1.3
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Turn on the torch and set it on a sheet of white paper that’s on a flat
surface. Adjust the angle of the torch until you get a narrow beam
of light that is visible all along the paper (Figure 1.4). The beam will
probably spread out a bit, but as long as it’s not a lot, you’ll be okay.

rB

Prop the mirror up against a large, heavy book or other similar object
so it’s standing vertically on its edge on the sheet of paper. Shine your
torch beam towards the mirror so you can see both the incoming and
the reflected beam on the sheet of paper, as in Figure 1.5.

Figure 1.5

Figure 1.6
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Now carefully draw an arc that
shows the angle the incoming
beam makes with the mirror,
and another arc that shows the
angle the reflected beam makes
with the mirror (Figure 1.6).

2

Repeat this for the beam hitting
the mirror at a different angle
(Figure 1.7). Then repeat again
for a third angle. Once you’re
done drawing these angles,
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Figure 1.7
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compare each incoming beam angle
with each corresponding reflected
beam angle. If you have a protractor
(something that measures angles),
great. Otherwise, just eyeball it to see
whether one is consistently larger or
smaller than the other, or whether
they’re about the same.
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Time for that simplistic explanation
of light, which is basically that light
can be thought of as travelling in rays,
which move in straight lines until
they hit something like a mirror. So,
for example, the light emitted from a
lightbulb travels outward in a bunch of
straight-line rays, as shown in Figure
1.8. To figure out what happens to the
light, all you have to do is follow the
individual rays that leave the bulb.
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Figure 1.8
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What makes this a simplistic explanation of light is the fact that light
does not always travel in straight lines.1
From this point on, I’ll refer to this
explanation as the ray model.2
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Let’s use the ray model of light to describe what happens when light reflects
off a mirror. We can represent the incoming and reflected beams of light each as

1

Many primary school textbooks state, incorrectly, that light always travels in straight lines. We’ll
see later that this just isn’t true. By the time you finish this book, maybe you’ll do like I do and
cringe every time you read that mistake in a textbook.

2

The term ray model refers to the fact that representing light as rays is a scientific model. More on
what a scientific model is later in this chapter.
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So now you know how those cool lights you get at gift shops work. You
know, the ones that have dozens of thin, glass-like strands that fan out in a circle from the centre, but only light up at the tips, as in Figure 1.24. All the light
starts at the base of the lamp, and undergoes total internal reflection all the way
out to the tips. If one of the strands bends in the middle, the middle lights up
because you’ve created a spot where the light hits the side at something less
than the critical angle, and it escapes.

We also use fibre optic cables to send information from one place to another. We just have to
turn the entering light on and off really fast. The
rate at which the light turns off and on can carry
information. It’s sort of like sending Morse code by
turning a torch on and off. Of course, the on and
off of a fibre optic cable is about a gazillion times
faster than turning a torch on and off.
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Figure 1.24
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If you’re in the mood for an excursion, head to
your local rock shop and ask to see a piece of ulexite.
Place the ulexite over some newsprint for a neat
effect. It turns out ulexite is made of tiny strands
that act just like optical fibres, so you can read the
print at the top surface of the ulexite, demonstrated
in Figure 1.25.

Figure 1.25
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And even more
things to do before
you read even more
science stuff
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Now that you know something about reflection and
refraction, it’s time to get
to something a bit more
interesting. In this section,
we’ll focus on the images
we see as a result of various
reflections and refractions.
Find yourself any old
mirror (the bathroom mirror will work.) Hold up an

12
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result in Figure 1.30. To see what
your reflection looks like, just figure
out where those rays that hit your
eye appear to come from, assuming
they travel in a straight line instead
of reflecting. I’ve done that in Figure 1.31.
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Figure 1.31
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Therefore, the image of your
head shrinks more along one direction than along the other, making
your head look long and skinny, or
short and wide, depending on how
you hold the spoon.
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Take a close look at the spoon,
and you’ll see that it is curved more
sharply from side to side than it is
along its length. See Figure 1.33.

ca

As you can see, your reflection
in a flat mirror is the same size
as your actual head. But in the
curved mirror, your head appears
to be shrunken in width. The more
sharply curved the mirror is, the
more shrunken your head appears
to be. See Figure 1.32.
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Okay, on to how your finger
looks in a glass of water. When you
have it on the far side of the glass,
away from your eyes, it looks pretty darned fat. To see why, what say
we draw, umm—light rays! Instead
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Figure 1.33
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Two-way mirrors work the same
way. These mirrors are silvered, but
not so much that some of the light
from you doesn’t travel on through
so someone behind the mirror can
see you. And that’s the main point
of two-way mirrors; someone uses
them to spy on someone else, as
shown in Figure 1.38.
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Figure 1.38
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But wait a minute. If the mirror isn’t completely silvered,
shouldn’t the person in front of
the mirror be able to see light
coming from the person behind
the mirror? Yes, that would be true
if there were any lights on in the
room behind the mirror. But the
people doing the observing keep
that room dark, so nothing in it,
including the person behind the
mirror spying on you, emits any
significant light for you to see.
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Figure 1.37
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Figure 1.39

Because it’s related, I now have
to tell you how they make ghosts
in the Haunted House at Disneyland. As you ride along in your
chair, you see an empty room in
front of you. You also see ghosts
moving around. Those ghosts are
just images that are reflected from
a transparent screen in front of you.
The real objects (the ones that lead
to the ghost images) are actually
below you. Check out Figure 1.39.
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