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Lesson 8: Light – Part 1 
 

Slide 1: Introduction 
 

Slide 2: Photons 
 
Light is composed of individual packets of electromagnetic energy called photons. The 
energy in a photon is contained in separate sine waves, one electrical and the other a 
magnetic sine wave perpendicular to the electrical sine 
wave.  
 
As photons propagate through the vacuum of space, the 
electrical and magnetic energy flow back and forth – 
“oscillate” -- between each other. So as the electrical field 
becomes positive, the magnetic field becomes negative, 
and as the electrical field becomes negative, the magnetic 
field becomes positive. 
 
Notice that the electrical and magnetic field vectors are 
perpendicular to the direction the photon is moving. There is no electrical or magnetic 
field in the direction the photon is moving. 
 

Slide 3: Seeing the light 
 
Light travels through the vacuum of space at 3.00 x 108 
meters per second, but when it enters a transparent 
medium like water or glass, the photons slow down as 
their electrical fields interact with the electrons of the 
atoms within the transparent substance. Once the 
photons emerge from the transparent medium and 
reenter the vacuum of space, however, they pick up speed 
again. 
 
You won’t see any change in the light beam if the light beam strikes the surface of the 
glass perpendicularly, but you will if the photons strike the surface of the glass from an 
angle, because the slowing of light as it enters the glass causes the light to bend. 
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Slide 4: Light rays bend 
 
A light beam entering glass bends toward a line 
perpendicular, or “normal,” to the glass pane. It’s as if light 
rays had some width to them. When the leading edge of a 
light ray strikes the surface of a transparent medium, it 
immediately slows, but the trailing edge is still traveling at 
the speed of light in a vacuum. This difference in speeds 
between the two sides of the light ray causes it to bend. 
 
How much light bends -- or refracts -- depends on the 
molecular structure of the transparent medium and how 
much the transparent medium slows down the light. 

 
Slide 5: Air currents continually change the 
density of the air. 
 
 For example, air currents continually change the density 
of the air. This causes rays of starlight to continually 
change direction slightly. All this rapid change of direction 
makes stars twinkle. Stars don’t twinkle when seen from 
the space shuttle, because there’s no atmosphere to 
interfere with the light coming from distant stars. 
 

Slide 6: Every transparent substance slows light traveling through a 
vacuum. 
Every transparent substance slows light traveling through a vacuum. And as the light 
slows, it bends towards the normal.  
 
The angle between the incoming light ray and the normal is called theta (𝜃) 1. Theta 
(𝜃) 2 is the angle made by the light ray passing through 
the transparent medium. Because light bends toward the 
normal as it slows, theta 2 is always smaller than theta (𝜃) 
1.  
 
If we take a selection of different transparent substances, 
and allow light traveling through the air to strike them 
from exactly the same angle, theta (𝜃) 1, we can measure 
angle theta (𝜃) 2 for every transparent substance. That 
way, we can determine which substances bend light the 
most.  
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The bending strength of a transparent medium is calculated by dividing the sine θ1 by 

the smaller sine θ2 (
𝑠𝑖𝑛𝑒 𝜃1

𝑠𝑖𝑛𝑒 𝜃2
). The resulting number, which is always greater than 1, is 

called the “index of refraction,” symbolized by the letter n.  
 
For every transparent substance tested, multiplying its index of refraction, n, by the 
sine θ2 always equals the same exact number: the sine θ1. That n2 times the sine θ2 

always equals the sine θ1 makes perfect sense because every transparent substance 
was tested with an incoming light passing through a vacuum at exactly the same angle. 
Since the index of refraction times sine θ2 for every substance equals the same sine θ1, 
each transparent substance's index of refraction times its sine θ2 must be the same. If 
that's so, then no matter what medium the incoming light enters from, and what 
transparent substance the light enters, sine θ1 multiplied by the index of refraction for 
the incoming medium must always equal the sine θ2multiplied by its index of 
refraction. This formula, n1 times the sine θ1 equals n2 times sine θ2, is known as 
Snell’s law.  
 

Slide 7: The index of refraction 
 
The index of refraction is a measure of how much light bends as it passes through a 
transparent medium. The index of refraction for a vacuum is 1.0000, for air 1.0003, for 
water 1.3330, and for a diamond 2.417.  
 
The reason light bends when it enters a transparent 
medium is that the light slows down. The index of 
refraction, therefore, is also a measure of how much light 
slows as it passes through a transparent substance. 
 
In other words, n, the index of refraction, equals the speed 
of light in a vacuum, c, divided by the speed of light in the 
transparent substance, v. 
 

If n=
𝑐

𝑣
, v = 

𝑐

𝑛
. The velocity of light traveling through a vacuum slows from c down to 

𝑐

𝑛
 

when it enters a transparent substance. 
 

Slide 8: Catching our breath 
 
Let’s stop here and catch our breath. 
 
Light is one form of electromagnetic radiation consisting of an electrical wave and a 
magnetic wave that feed off each other as electromagnetic wave passes through space 
or any transparent medium.  
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The more energy an electromagnetic wave has, the higher its frequency and the 
shorter its wavelength. Low energy radio waves have wavelengths hundreds to 
thousands of meters long. 
 
Frequency times wavelength is the speed of the 
electromagnetic wave. All electromagnetic waves, 
regardless of their frequency and wavelength, travel 
through a vacuum at the same speed: 3 million kilometers 
per second. Electromagnetic waves slow down when they 
enter a transparent medium due to electromagnetic 
interaction with the electrons in the transparent medium. 
 
The amount of slowing experienced by an electromagnetic wave passing through a 
transparent medium is calculated by dividing its speed in a vacuum, 3 million 
kilometers per second, by its index of refraction. 
 
The index of refraction can be determined by measuring how much the 
electromagnetic wave bends on entering a transparent medium.  
 
According to Snell’s law, the index of refraction, n1, of the 
medium surrounding an incoming electromagnetic wave 
times the sine of the angle, theta 1, between the incoming 
wave and a line perpendicular to the plane of the 
transparent medium equals the index of refraction of the 
transparent medium, n2, times the sine of the angle, theta 
2, between the wave passing through the transparent 
medium and the line perpendicular to the plane of the 
transparent medium. 
 
Since the index of refraction for a vacuum is 1.000, by passing a light ray through a 
vacuum, the index of refraction for a transparent medium becomes the sine of the 
angle of incidence, theta 1, divided by the sine of the angle of transmission, theta 2, 
through the transparent medium. 
 

Slide 9: The index of refraction determines how much light bends. 
 
The index of refraction determines how much light bends, and how much it slows 
when entering a transparent substance.  
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Yet, when you shine sunlight through a prism, all the 
colors of the rainbow emerge separately from the other 
side. Even though the same transparent medium was used 
for all the colors, some colors bend more than others. Blue 
and indigo light bend most and red light the least. What is 
it about blue and indigo light that makes them bend more 
than red light? 
 

Slide 10: Blue light 
 
Electromagnetic waves of light are like any other wave in that they have a wavelength, 
lambda (λ), a frequency of oscillation, f, and a velocity, v, that equals wavelength times 
frequency.  
 
Traveling through a vacuum, light, or any kind of 
electromagnetic radiation for that matter, always travels at 
a whopping 3.00 x108 meters per second. If red light and 
blue light travel at the same velocity, then what makes 
blue light blue and red light red? 
Blue light is blue because it oscillates at a higher frequency 
than red light. What does that say about blue light’s 
wavelength? 
 
Velocity is wavelength times frequency, and the velocity of red light is the same as the 
velocity of blue light. So, if blue light’s frequency is higher than red light’s frequency, 
blue light’s wavelength must be shorter than red light’s. 
 
It’s blue light’s shorter wavelength that causes blue light to slow down and bend more 
than red light. Shorter wavelength blue light is better able to push electrons in the 
transparent substance into higher orbits. This prolonged interaction with the electrons 
inside the transparent substance slows and bends blue light. 
 

Slide 11: What bends light? 
 
Because blue light takes longer to get through a transparent medium, it bends more. By 
bending more, the blue light can take a short cut through the transparent substance 
and catch up with the less slowed red photons exiting the other side of the transparent 
medium. 
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When blue photons exit the transparent medium and 
reenter the air, the index of refraction is now reversed.  
 
Blue photons pick up more speed than the red ones and 
bend back to the same angle as the incoming light beam. 
So long as the transparent substance is narrow, all the 
exiting photons of visible light remain close to each other, 
and the existing light beam looks white again. 
 
So what bends light is not only the type of transparent medium but also the frequency 
of the light entering the transparent medium. In other words, the index of refraction 
for any transparent substance is only valid for one single frequency of light. The index 
of refraction changes for each frequency of incoming light. If the index of refraction 
remained the same for all frequencies of light, all the colors in a beam of sunlight 
would bend the same amount as they passed through a prism and could never be 
separated into their individual colors.  
 

Slide 12: The speed of a photon. 
 
The speed of a photon, v, is measured by its frequency 
times its wavelength. In a vacuum, the speed of a photon 
is c, which is always 3.0 times 108 meters per second.  
 
The energy of a photon is determined by its frequency, f. 
Einstein described mathematically the energy of a photon 
as: E = hf. The small Greek letter nu is also used to 
symbolize frequency so sometimes the energy of a photon 
is given as h times nu.  
 
H is Planck’s constant: 6.63 times 10-34 joules seconds (h = 6.63 x 10-34). Since f is 
cycles per second, or Hertz, hf is joules seconds times cycles per second. The seconds 
cancel out, and E equals joules. Cycles by itself has no mathematical significance and is 
discarded.  
 

Slide 13: What’s hotter: blue or red? 
 
When an iron rod is heated, the rod turns red hot, but as more heat is added and 
higher frequency photons are emitted, the rod turns orange and then yellow. With 
even more heat, green, blue, and indigo photons are emitted. You don’t see these 
colors because when added to the red and yellow photons, they complete the 
spectrum of colors and turn the iron rod white hot. 
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The fact that low frequency red photons are emitted from the heated rod before the 
high frequency blue photons means that photons of low frequency red light carry less 
energy than high frequency blue light. Yet, if you shine sunlight through a prism and 
measure the temperature of each color emerging from the 
prism, the red light rays are hotter than the blue light rays. 
Why? 
 
Because in order for photons of light to raise the 
temperature of something, the photons first have to be 
absorbed. The reason lower energy red light is hotter than 
higher energy blue light is that red photons are better than 
blue photons at being absorbed and getting the atoms in 
the thermometer to jiggle about. 
 
Another reason the red end of the prism spectrum feels warmer is that there are more 
red photons than blue photons of sunlight reaching the prism in the first place. Why? 
Because many blue photons were already absorbed by dust particles in the air and 
scattered in the atmosphere as a blue sky. 
 
It is true that blue flames are often hotter than yellow and orange flames, but the blue 
color is not due to the flame’s temperature, but rather to the substance being burned 
and amount of oxygen available during combustion. 
 

Slide 14: Friedrich Hershel 
 
What would happen if you moved the thermometer off the light spectrum, beyond red, 
where there was no light at all?  
 
Friedrich Herschel did this in 1800 and found that the 
thermometer registered even hotter than red. He called 
this light infrared light.  
 
A year later, Johann Ritter showed that silver chloride 
turned black much faster and more intensely when 
exposed to blue light than red light, and even more so 
when exposed to invisible light just beyond the blue end of 
the spectrum.  
 
Ritter’s invisible light was called ultraviolet light. Herschel and Ritter showed that 
electromagnetic radiation was not confined to visible light. 
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In fact, there is a whole range of electromagnetic waves ranging from radio waves 
kilometers long, to much shorter microwaves, very short infrared and visible rays, 
super short ultraviolet rays and x-rays, and ultra short, high-energy gamma waves with 
wavelengths the diameter of an atomic nucleus. In the vacuum of outer space, every 
one of these electromagnetic waves travels at the speed of light: 3.00 x 108 meters per 
second.  
 

Slide 15: Animal eyes 
 
If there is such a large range of electromagnetic radiation, why did just about every 
animal develop eyes that detect only the small sliver of visible light instead of, say, 
infrared, or microwaves, or ultraviolet waves? 
 
Because of all the electromagnetic radiation reaching the 
earth from the sun, the highest concentration is visible 
light. The sun is about 5800 Kelvin, which is almost 10,000 
degrees Fahrenheit, 5500 degrees Celsius.  
 
If the sun were only 3000 Kelvin or less, the highest 
concentration of electromagnetic radiation would be in 
the less energetic infrared range, while if the sun were 
60,000 Kelvin, the highest concentration of 
electromagnetic radiation would be in the more energetic 
ultraviolet range. 
 

Slide 16: Chart relating frequency, wavelength, time, and velocity. 
 
Here again is the chart relating frequency, wavelength, 
time, and velocity.  
 
Along the left hand side of the chart are velocity, 
wavelength, frequency, and time. The velocity of a light 
wave is its frequency times its wavelength, and also its 
wavelength divided by the duration of one wavelength in 
seconds. 
 
So, what is the frequency of an electromagnetic wave 3.0 meters long traveling in a 
vacuum?  
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Since c, the speed of light in a vacuum, equals wavelength 
times frequency, 3.00 x 108 m/s = 3.0 m times frequency. 
Frequency equals 1.0 x 108 cycles per second, or 1.0 x 108 
hertz. It’s easier to say 100 megahertz. 1 megahertz is 106 
hertz.  
 
100 megahertz is the wavelength of radio waves. You can’t 
hear these waves, but when they are detected by special 
receivers, the waves are converted into electrical signals to 
run speakers. 
 

Slide 17: Frequency 
 
This alligator is the same color above and below the water. 
We know that light slows down when passing through a 
transparent medium like water. The speed of light, C, is 
wavelength times frequency. If light slows down, either its 
wavelength shortens, or its frequency lessens, or both. 
Which one determines a light's color: wavelength or 
frequency? 
 
Frequency. The reason c is smaller is that lambda (λ) is 
smaller, not because its frequency shortens. The frequency 
remains the same when light passes from one transparent medium to another, so color 
remains the same. 
 
Light slows down on entering a transparent medium 
according to the formula velocity equals the speed of light 
in a vacuum over the index of refraction. Said another way, 
the velocity of light through any transparent substance 
times the index of refraction for that transparent 
substance equals the speed of light in a vacuum, c, which 
constant.  
 
That means n times v for incoming light has to equal n 
times v for light after entering a transparent medium.  
 
If the reason light slows down is that its wavelength shortens, the equation describing 
the velocity of light passing through a transparent medium could just as well be, n 
times the wavelength of the incoming light equals n times the wavelength of light after 
entering a transparent medium. 
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A beam of light, labeled 1, traveling through air enters a transparent brick at a 35 
degree angle with the normal. The refracted beam, labeled 2, makes a 21 degree angle 
with the normal. What is the brick’s index of refraction? 
 
Snell's law says that the index of refraction n1 for the incoming light times the sine of 
the angle of incidence, equals the index of refraction n2 of the transparent brick times 
the sine of angle θ1.  
 
N2 works out to be 1.603, which is a type of glass called 
flint glass. 
 
If the wavelength of the incoming light was 601 
nanometers, what is the wavelength of the refracted light? 
 
n1 x (λ1)= n2 x (λ2) 
1.00 x 601 nm = 1.603 x (λ2) 
(λ2)= 374 nm 
 

Slide 18: What is the speed of light through water? 
 
What is the speed of 630 nanometer light through water? The index of refraction for 
water is 1.33. 
 
We know that the speed of light in a vacuum is c: 3.00 
times 10 to the 8th meters per second. We also know that, 
on entering a transparent substance, light slows down to c 
over the index of refraction: c over n. 
 

v = 
3.00 x 10 8

𝑚

𝑠𝑒𝑐

1.33
 = 2.26 x 108 

𝑚

𝑠𝑒𝑐
. 

 
What is the wavelength and frequency of the light as it travels through the water? 
 
We know that n1 x (λ1)= n2 x (λ2) 
1.00 x 630 nm = 1.33 x (λ2) 

 
On entering the water, the wavelength of light shortens from 630 nanometers to 474 
nanometers.  
 
We also know that the velocity of light is equal to its frequency times its wavelength. V 
= f x λ. We have already determined that the light slows to 2.26 x 108 m/s on entering 
the water. 
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If then, equals 2.26 x 108 meters per second divided by 474 nanometers (f = 
2.26 x 10 8

𝑚

𝑠𝑒𝑐

474 𝑛𝑎𝑛𝑜𝑚𝑒𝑡𝑒𝑟𝑠
 , where 474 nm is 474 meters x 10-9 meters, or 4.74 times 10-7 meters. 

 
The frequency of the light remains 4.77 x 1014 Hz, even after entering the transparent 
medium. 
 

Slide 19: Why does the pencil under water appear larger? 
 
Why does the pencil under water appear larger? 
 
This overhead diagram shows the pencil inside the bottle.  
The two pink lines are radii perpendicular to the surface of 
the glass.  
 
The light rays from the pencil travel through water and 
refract toward each other on entering the air.  
Because they are no longer parallel, the eye interprets the 
converging light rays as coming from a larger pencil than 
really exists.  
 
The same thing happens when the pencil is moved to side 
of a round bowl, only this time, the underwater pencil not 
only appears larger, it also appears to have shifted to the 
right. 
 

Slide 20: The brain’s interpretation 
 
This fish looks larger than it really for the same reason.  
 
Without the water, light rays from the fish make a straight line to the eye. 
With the water, the light rays bend away from the normal as they emerge from the 
water. The brain interprets the converging light rays as coming from a larger fish than 
really exists.  
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Slide 21: Looking for dinner 
 
A fish also has to consider refraction when it's looking for 
dinner. A fly that's not overhead appears to be an easy 
target because, to the fish, the fly looks nearly overhead 
and larger than it really is.  
 
As the fly moves further and further to the side, the angle 
of refraction gets larger and larger.  
 
Eventually, there comes a point where the angle of 
refraction is so large that the refracted light rays are simply scooting along the surface 
of the water.  
 
Beyond this critical angle of 49 degrees, the fish is blind to 
anything in the air. All it sees are underwater light rays 
reflecting off the undersurface of the water.  
 
Since the critical angle depends on the index of refraction, 
what is the critical angle for water with an index of 
refraction of 1.33? 
 
The critical angle is derived from Snell’s law. Snell’s law says that the index of refraction 
times the sine of the angle of refraction is the same for 
any transparent substance.  
 
The critical angle occurs when the refracted light travels 
along the surface of the water at 90 degrees to the 
normal. Using Snell's law, the index of refraction for water 
times the sine of the critical angle equals the index of 
refraction for air, 1.00, times the sine of the refracted 
light's angle, 90 degrees.  
 
1.33 times the sine of the critical angle equals 1 times the 
sine of 90 degrees, which is also 1. 
 
The sine of the critical angle is 0.75, so the critical angle is 
49 degrees. 
 
What this means to a fish is that his view of the world 
above the surface of the water is restricted to a cone of 98 
degrees. 
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Slide 22: Catching our breath 
 
Let’s rest for a second and review. 
 
Electromagnetic waves not only slow down on entering a transparent medium; they 
also bend. The shorter their wavelength, the more they bend. Hence, blue light bends 
more than red light. 
 
Shorter wavelength blue light has a higher frequency than red light which has both a 
longer wavelength and a slower frequency.  
 
However, despite its lower energy, red light is warmer than 
blue light, and infrared light with an even lower frequency 
than red light is even hotter. Infrared radiation is 
particularly good at transferring its energy to molecules 
and increasing their kinetic energy. 
 
The molecules in our retina are particularly good at 
absorbing a rather narrow band of electromagnetic 
radiation in the middle of the electromagnetic spectrum. 
 
Because our brains are able to translate this radiation into images, we call this narrow 
band of electromagnetic radiation “visible” electromagnetic radiation.  
It is not a coincidence that the visible spectrum contains the most frequent 
electromagnetic waves to reach us from the sun.  
 
This graph of wavelengths reaching us from the sun peaks in the visible spectrum of 
electromagnetic radiation. 
 
Though electromagnetic radiation slows as it passes through the transparent medium 
of glass, the color of the light does not change, because the color of light is determined 
by the frequency of electromagnetic radiation, not its wavelength, and frequency 
doesn’t change on entering a transparent medium.  
 
What does change is each light ray’s wavelength, lambda, which shortens. The amount 
of shortening is its wavelength in a vacuum divided by the index of refraction of the 
transparent medium. 
 
Because light rays bend away from the normal on emerging from water, objects 
underwater appear larger when viewed from outside the water directly overhead. This 
man’s brain mistakenly assumes that the angle of the incoming light rays can be 
projected outward to predict the shark’s true size.  
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The same mistake occurs when the shark is viewed from the side. The incoming image 
hen projected outward makes it appear that the shark is farther to the side, larger, and 
closer to the surface.  
 
 
 
 
 
 
 
 
 
 
When viewed from under the water, this fly’s image refracts toward the normal on 
entering the water. The incoming image is then projected outward closer to the 
vertical, giving the fish a false impression of where the fly actually is. 
 
Had the fly been outside the fish’s 98 degree cone of vision, it would have been 
invisible to the fish. Objects above the water become invisible once they reach 49o 
from the true vertical, because water does not have a large enough index of refraction 
to bend light beyond the critical angle of 49o from the true vertical. 
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Slide 23: Fiber optic cable versus copper wire 
 
Because there is a critical angle for every transparent 
substance, an electromagnetic wave can be sent down a thin 
glass wire by having the electromagnetic wave enter the 
glass wire at an angle greater than the critical angle and 
letting it reflect back into the wire. The electromagnetic 
wave will bounce its way back and forth down the wire.  
 

Fiber optic cables can carry telephone messages, images of the inside of your 
intestines, bright lights to illuminate difficult to reach crevices – just about any 
electromagnetic radiation. Fiber optic cables are better than copper wires because they 
can carry millions more electromagnetic signals than copper wires. 
 

Slide 24: Why can we see a transparent glass plate? 
 
The reason we can see a transparent glass plate is that glass is not completely 
transparent. Some light reflects off glass instead of passing through it. Because only a 
few light rays reflect off glass, however, the reflected image is rather dim. 
 
This is the principle used in rear view mirrors to cut down 
the glare of head lights. Headlights reflecting from the rear 
view mirror appear too bright because at night the retina 
shifts from cones to rods to detect low levels of light, 
because rods are much more sensitive to light than cones.  
 
When headlights strike the rear view mirror, most of the 
light rays are refracted toward the normal and strike the 
shiny reflective layer at an angle. The light rays are then 
reflected back out of the mirror, causing the driver to 
squint. 
 
Some of the incoming light rays are reflected downward off the front of the mirror.  
With the mirror tilted back, these downward-reflected light rays are now aimed directly 
at the eye, while the brighter ones now pass above the driver's field of vision. You 
should be able to spot the bright beam above the driver's head.  

 
Slide 25: Water droplets act like prisms. 
 
Water droplets, being transparent, act like prisms. White sunlight striking a water 
droplet is refracted, and because each color photon is refracted slightly differently, 
white light separates into its various colors.  
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When these colors strike the back of the water droplet, they reflect back to the front of 
the water droplet and are refracted again as they emerge into the air. Because blue and 
violet light are refracted more than red light, the blue and 
violet light rays emerge from the water droplets slightly 
above the red ones. 
 
Because the red and violet light rays on leaving the water 
droplet are separated from each other, only one color 
from that water droplet is able to enter the eyeball at a 
time. 
 
And yet we see all the colors in the rainbow. How is violet 
light, which is now striking the man’s forehead, able to enter the eye? 
 
It can’t, at least not from this water droplet. The only way to get violet light into the eye 
is for sunlight to enter a water droplet lower in the sky, but of course, then the red light 
rays from the water droplet will strike below his nose. 
 
The red light rays and the violet light rays strike the eye from different angles: 42 
degrees from the direction of the sun for the red light rays, and 40 degrees for the 
violet light rays. 
 
Because orange, yellow, green, blue, and violet light rays strike the eye from lower and 
lower water droplets, each color strikes the eye from a lower and lower angle which 
the brain sees as red on top, progressing through orange, yellow, green, blue, and 
violet on the bottom. 
 
Because a rainbow is reflected light, sunlight has to strike the water droplets from 
behind the observer for the observer to see the rainbow.  
 
Why, though, is a rainbow curved? 
 

Slide 26: Where do rainbows come from? 
 
Sunlight strikes the entire water droplet before being reflected back as a rainbow at an 
angle of approximately 40 degrees from the sun. 
Because the entire water droplet is struck, light reflects back at 40 degrees in all 
directions. Each color reflects back as a cone of light with red on the outside and blue-
violet on the inside, with orange, yellow and green in between. Theoretically, the 
rainbow should be a complete circle, but it’s uncommon to see one. 
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Sunlight striking the very center of the water droplet is 
reflected straight back, so sunlight striking the more central 
parts of the water droplet reflects back toward the sun 
between 0 and 40 degrees. Inside the rainbow, then, are all 
these various photons which makes the inside of the rainbow 
brighter than outside the rainbow.  

 
Slide 27: Mirages 
 
Why are the tree's reflections upside down? The images of the trees on the surface of 
the water appear upside down because the surface of the water acts like a mirror. As 
with any mirror, the incoming light rays bounce off the water at the same angle as the 
reflected light rays. For this reason, the light rays from the middle of the tree have to 
reflect off the water at a flatter angle. This causes light rays from the middle of the tree 
to cross the light rays coming from the top of the tree, making the image of the tree 
appear upside down. 
 
Similar crossing of the light rays occurs in the desert or 
along hot asphalt on the highway. The air touching the 
sand is extremely hot, but it cools the further up you go. 
The hot air has a lower index of refraction than the layers 
of air above it. 
 
As light rays from the tree encounter the lower layers of 
hot, low index of refraction air, the light rays are refracted 
away from the normal, just as light rays coming up out of a lake bend away from the 
normal when they enter the air. With each hotter layer, the light bends further and 
further from the normal. By the time it reaches the blazing hot air next to the sand, the 
light rays are curving upward. 
 
Light rays from the top of the tree curve more than light rays from the middle of the 
tree, because the higher light rays encounter a bigger drop in the index of refraction. As 
a result, light rays from the top of the palm tree cross those from the middle of the 
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palm tree, and the observer sees an upside down image of the palm tree in the sand. 
His brain mistakes refraction for reflection and believes the upside down image of the 
palm tree is being reflected off water. Similar mirages occur on long stretches of very 
hot asphalt. 
 

Slide 28: What you know so far 
 
1. All electromagnetic waves travel at the speed of light in a vacuum, 3 million 
kilometers per second. Every electromagnetic wave is composed of an electrical wave 
and a perpendicular magnetic wave. Electromagnetic waves are able to travel through 
space with no outside source of energy by shifting its own energy back and forth 
between its magnetic and electrical waves. As the magnetic wave increases, the 
electrical wave decreases, and this process is repeated throughout its course through 
space. 
 
2. On entering a transparent medium, electromagnetic waves interact with the 
electrons inside the transparent medium. This slows the velocity of the 
electromagnetic wave and also bends it. The degree of slowing is measured by dividing 
the wave’s velocity by the index of refraction. The degree of bending is measured by 
dividing the sine of the angle of incidence by the index of refraction to get the sine of 
the angle of transmission through the transparent medium. 
 

Slide 29: What you know so far 
 
3. The velocity of a light wave, c, equals its wavelength, lambda, times its frequency, f.  
 
4. Shorter wavelength electromagnetic radiation bends more than longer wavelength 
electromagnetic radiation. For this reason, white light, which is a mixture of visible light 
waves, spreads out into the colors of a rainbow on entering a transparent medium at 
an angle. 
 
5. The energy of an individual light wave inside a photon is also dependent on 
frequency, not wavelength. The energy of an electromagnetic wave is Planck’s constant, 
h, times the wavelength’s frequency. E = hf. Planck’s constant is 6.63 x 10-34 joules-
seconds. 
 

Slide 30: What you know so far 
 
6. Light rays in the blue end of the spectrum have the most energy, but light rays in the 
red end of the spectrum carry the most heat, with the warmest light rays being in the 
invisible infrared range. 
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7. Light rays slow down on entering a transparent medium, because their wavelength 
shortens. The frequency remains unchanged, and since color is determined by 
frequency, there is no change in color for objects viewed through a transparent 
medium. 
 
8. The sun releases a broad spectrum of electromagnetic waves. Not all of the 
electromagnetic waves released by the sun reach us on earth. Of the waves that do 
reach us, the most frequent ones happen to be in the range of visible light.  
 

Slide 31: What you know so far 
 
9. Light rays entering a transparent medium like water bend toward a line 
perpendicular to the surface of the transparent medium. On emerging from water, light 
rays bend away from the normal and enter our eyes at a wider angle, which makes the 
underwater object appear larger.  
 
10. When viewed from the side, underwater objects also look further to the side, 
larger, and closer to the surface of the water. 
 
11. Rainbows only occur when the sun is behind us at about 40o in the air. Because 
water droplets reflect light in all directions, the rainbow that’s reflected is actually 
round, which becomes evident when the rainbow is viewed from the edge of a cliff. 
 

Slide 32: What you know so far 
 
12. Because more light rays are reflected back to us inside the rainbow, the inside of a 
rainbow is brighter than the outside of the rainbow. 
 
13. Mirages occur when light rays coming from an object, instead of striking the ground 
in front of us, bend upward because of hot air near the ground. This causes you to see 
the object upside down. Your brain assumes that the object is being reflected off the 
surface of water. 
 
 
 


