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The Facts of LightThe Facts of Light

PHYSICS@phuhs.schrock

Introduction

� Is seeingseeing an active process?  We look
� AT things, …INTO a microscope, …AROUND the 

room
� Are we beaming something in the direction of 

interest…like Superman with x-ray vision?
� Some ancient Greek philosophers thought vision 

resulted from “streamers” emitted by the eye

Introduction

�� SeeingSeeing is a passive activity

� What you see depends on the light that enters your eyes.

� You see objects because light is either reflected or emitted by 
them. 

� The human eye…
� can detect tiny changes in the size, position, brightness, and 

color of an object. 

� can distinguish shadows from solid objects and sometimes 
distinguish reflections of objects from the objects themselves.

� In this unit, you will learn where light comes from and 
how it illuminates the universeilluminates the universe around you.

What is What is lightlight? 

� This question has been debated for many centuries.

� In simple terms, light is energy…a form of 
electromagnetic radiation to which the human eye is 
sensitive

� That light carries energy is obvious to anyone who has 
focused the SunSun’’s rayss rays with a magnifying glass on a 
piece of paper.

� But how does it travel?  In what form is this energy carried?

� Is it a wave (electromagnetic wave)? 
Is it a particle (photon)?

� Light does have a dual nature!

What is What is lightlight?

� Isaac Newton believed that light is a stream of 
fast-moving, unimaginably tiny particles.

� However, his model could not explain all of the 
properties of light.

� Experiments showed that light also behaves like 
a wave.

� In the ray model of lightray model of light, light is represented 
as a ray that travels in a straight path, the 
direction of which can be changed only by 
placing an obstruction in the path.

What is What is lightlight?

� we see the path of the light as a straight line.

� flashlight beam

� sunlight streaming through a small window, is made 
visible by dust particles in the air.

� When your body blocks sunlight, you see your 
outline in a shadow.

� “line of sight”…we infer position of object

� The straight-line path of light has led to the    
ray modelray model of light.
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Ray Model of Light

� The ray model of light was introduced as a way 
to study how light interacts with matter, 
regardless of whether light is a particle or a 
wave. 

Chapter 13
Ray Model of Light

� Waves can be approximated as 
rays. This approach to 
analyzing waves is called 
Huygens’ principle.

� Lines drawn tangent to the 
crest (or trough) of a wave are 
called wave fronts.

� In the ray approximation, lines, 
called rays, are drawn 
perpendicular to the wave front.

Chapter 13
Electromagnetic Waves

� An electromagnetic wave is a wave that 
consists of oscillating electric and magnetic
fields, which radiate outward from the source 
at the speed of light.

Chapter 13
Electromagnetic Waves

� Light is a form of electromagnetic radiation. 

� Energy that is radiated in the form of 
electromagnetic (EM) waves

� The electromagnetic spectrum includes more 
than vivisisiblblee liglightht.

� The entire range of frequencies and  wavelengths 
that make up all forms of electromagnetic radiation.

The Electromagnetic Spectrum The Electromagnetic Spectrum

http://micro.magnet.fsu.edu/primer/lightandcolor/electromagintro.html
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The Electromagnetic Spectrum

http://micro.magnet.fsu.edu/primer/lightandcolor/electromagintro.html

Chapter 13
The Electromagnetic Spectrum

� Electromagnetic waves vary depending on 
frequency (f) and wavelength (� ).

� All electromagnetic waves move at the speed of 
light. The speed of light, c, equals

c = 3.00 ´ 10 8 m/s

(c = 186,000 miles/s)

� Wave Speed Equation: c = f �
� speed of light = frequency ´ wavelength

� What is the relationship between frequency and 
wavelength?

Chapter 13
Electromagnetic Waves The Electromagnetic Spectrum

http://www.mhhe.com/physsci/astronomy/arny/instructor/ch03imagebank.html

Increasing frequency

c = f �

The Speed of Light

� Galileo was the first to hypothesize that light has a 
finite speed, and tried to measure its speed using 
distance and time.

� His method, however, was not precise enough, 
� and he was forced to conclude 

� that the speed of light is too fast to be measured over a 
distance of a few kilometers.

� Danish astronomer Ole 
Roemer was the first to 
determine that light does 
travel with a measurable 
speed.

The Speed of Light
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The Speed of Light

� Thus, for light to travel the diameter 
of Earth’s orbit, he calculated that it 
takes 22 min.

� Using the presently known value of 
the diameter of Earth’s orbit (2.9 x 
1011 m), Roemer’s value of 22 min 
gives a value for the speed of light 
of 2.2 x 108 m/s.

� Today, the speed of light is known to 
be closer to 3.0 x 108 m/s.

� Thus, light takes 16.5 min, not 22 
min, to cross Earth’s orbit.

� In 1926, Albert A. MichelsonAlbert A. Michelson measured the 
time required for light to make a round-trip 
between two California mountains 35 km apart. 

� Michelson used a set of rotating mirrors to 
measure such small time intervals. 

� Michelson’s best result was (2.997996 ±
0.00004) x 108 m/s.

� For this work, he became the first American to 
receive a Nobel prize in science .

The Speed of Light

The Speed of Light
Illumination

The Speed of Light

� The speed of light in a vacuum is a very 
important and universal value; thus it has its 
own special symbol, cc.

� the value c = 3.00 x 108 m/s is precise enough. 

� At this speed, light travels…
� 7.5 times around Earth in one second

� To the Sun in ~8 minutes; to the moon in 1.5 s

� To Neptune in ~5 hours

� 9.46 x 1012 km in a year. This distance is called a 
lightlight--yearyear.

� To the nearest star in ~4 light-years

Sources of light

� Some things emit their own light

� A candle, a light bulb, and the sun

� We see most objects because they reflect some 
of the light that hits them.

Sources of light

�� luminous sourceluminous source: an object that emits light.

� Sun, light bulbs, lasers, etc.

�� illuminated sourceilluminated source: an object that becomes 
visible as a result of light reflecting off it.

� Moon, bicycle reflector, etc.
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Illumination

�� Illuminated sourcesIlluminated sources are visible to you because 
light is reflecting off OR transmitting (passing) 
through the object to your eyes.

� Opaque:  media, such as brick, that do not transmit 
light, but reflect some light.

� Transparent:  media that transmit light, such as air 
and glass. 

� Translucent:  media that transmit light, but do not 
permit objects to be seen clearly through them.

Illumination

� The figure below shows all the three types of 
media.

� Transparent or translucent media not only 
transmit light, but they also can reflect a fraction 
of the light. For example, you often can see 
your reflection in a glass window.

Luminous flux (P)

� The rate at which light energy is emitted from 
a luminous source.

� unit is the lumenlumen (lmlm).

� A typical 100-W incandescent lightbulb emits 
approximately 1750 lm.

� You can think of the luminous flux as a measure 
of the rate at which light rays come out of a 
luminous source…. the quantity of light

Luminous flux (P)

� Light bulbs are rated by their 

� power input (watts) and 

� power output (lumens)

� The lightbulb emits light in almost all directions.

� The amount of light energy available to 
illuminate your “environment” depends on 
distance.

Luminous flux (P) Illuminance (E)

� Once you know the quantity of light being 
emitted by a luminous source, you can 
determine the amount of illumination that the 
luminous source provides to an object.

� The illumination of a surface, or the rate at 
which light strikes the surface, is called the 
illuminanceilluminance, E. 

� Illuminance is measured in lux, lx, which is 
equivalent to lumens per square meter, lm/m2.
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Illuminance (E)

� The illuminance caused by a point light source
is represented by the following equation.

2

P
� r

E = 
4

Illuminance (E)

� What is the illuminance of the sphere’s inside 
surface?

� The surface area of a sphere is 4� r2.

� The luminous flux striking each 
square meter of the sphere is 
1750 lm/(4� r2) = 139 lx.

� At a distance of 1.00 m from the 
bulb, 139 lm strikes each square 
meter. The illuminance of the 
inside of the sphere is 139 lx.

How does illuminance change 
with distance?

2

P
� r

E = 
4

Chapter 13
Illuminance (E)

� Illuminance decreases as the square of the 
distance from the source.

� illuminance is proportional to 1/r2, an inverse-
square relationship.

2

P
� r

E = 
4

Inverse Square Law

P

P

Luminous Intensity (I)

� Some luminous sources are specified in candela, candela, cdcd.

� A candelacandela is a measure of luminous intensity (I).

� The luminous intensity of a point source is the 
luminous flux that falls on 1 m2 of the inside of a 1-m-
radius sphere.

� Thus, luminous intensity is the illuminance, E, at 1 
meter. 

24� r

P
E =

�
P

I
4

= 2r
I

E =� �
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Illumination

� In the figure below, the lightbulb is twice as far 
away from the screen as the candle.

� the luminous intensity of the lightbulb would 
have to be _______ times the luminous 
intensity of the candle.

44

Polarization of Light

� Ordinary light actually contains waves vibrating in every 
direction perpendicular to its direction of travel. 

� If a polarizing medium is placed in a beam of ordinary 
light, only the components of the waves in the same 
direction as the polarizing axis can pass through. 

Polarization of Light

� Polarization is the production of light in a single plane 
of oscillation. 

Polarization of Light

� Have you ever looked at light reflected off a 
road through polarizing sunglasses? 

� As you rotate the glasses, the road first appears 
to be dark, then light, and then dark again.

� Light from a lamp, however, changes very little 
as the glasses are rotated. Why is there a 
difference? 

Polarization of Light

� Light coming from the road is reflected.

� Light that reflects from nonmetallic surfaces is 
polarized parallel to the plane of the surface

� Similar to skipping a flat stone across the surface of 
a lake.

http://www.worldofstock.com/closeups/PCH5613.php

Polarization of Light

� When you look through a polarizing filter and 
rotate the filter, you will see the light brighten
and dim. 
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Polarization of Light

� Consider the three pairs of sunglasses below. 

� Which pair of glasses is capable of eliminating 
the glare from a road surface? Explain. 

Polarization of Light and 3-D

� Vision in 3-D depends on the fact that both eyes 
give impressions simultaneously to the brain, 
each eye viewing a scene from a slightly 
different angle.

� The view seen by each eye is different

� The combination of views in the eye-brain 
system gives depth

Polarization of Light and 3-D

� A pair of photographs or movie frames, taken a 
short distance apart can be seen in 3-D when 
the left eye sees only the left view and the right 
eye only the right

Polarization of Light and 3-D

the reason why you wear 3-D glasses is 
to feed different images into your 
eyes. The screen actually displays two 
images, and the glasses cause one of 
the images to enter one eye and the 
other to enter the other eye. 

http://science.howstuffworks.com/3-d-glasses2.htm

Polarization of Light and 3-D

� Can you see this stereogram?

The Eye

http://photo.net/photo/edscott/vis00010.htm

http://groups.csail.mit.edu/graphics/classes/6.837/F01/Lecture02/Slide23.html

The photosensitive part of 
the eye is called the 
retina. 

The retina is largely 
composed of two types of 
cells, called rods and 
cones. Only the cones are 
responsible for color 
perception.
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“See” your blind spot.

� Close your right eye. 

� With your left eye, look at the +. 

� You should see the red dot in your peripheral vision. Keep looking at 
the + with your left eye. The red dot will move from the left to the right 
and disappear and reappear as the dot moves into and out of your
blind spot 

http://faculty.washington.edu/chudler/chvision.html

The Eye

http://webvision.med.utah.edu/photo2.html#cones

Color by the Addition of Light

� Primary colors

� Red, green, blue

� Secondary colors

� Yellow, cyan, magenta

The Wave Nature of Light

�� RedRed and greengreen light together produce yellowyellow
light, 

�� blueblue and greengreen light produce cyancyan

�� redred and blueblue light produce magentamagenta.

� The colors yellowyellow, cyancyan, and magentamagenta are 
each called a secondary color, because each is 
a combination of two primary colors.

Color by the Addition of Light
The Wave Nature of Light

Color by the Addition of Light

� A color-television tube contains tiny, dot-like sources of 
red, green, and blue light. When all three colors of light 
have the correct intensities, the screen appears to be 
white.

� For this reason, redred, greengreen, and blueblue are each called a 
primary color.

� The primary colors can be mixed in pairs to form three 
additional colors, as shown in the figure.

The Wave Nature of Light
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Complementary Colors

� Complementary colors are two colors of light that can 
be combined to make white light. 

� If yellowyellow light and blueblue light are projected onto a white 
screen with the correct intensities, the surface will 
appear to be white.  

�� YellowYellow and blueblue are complementary

In the same way, 

�� cyancyan and redred are complementary colors, 

� as are magentamagenta and greengreen. 

Complementary Colors

� Each primary color of light has a secondary color of light 
as its complement. 

� The graphic is extremely helpful in identifying complementary 
colors. 

� Complementary colors are always located directly across from 
each other on the graphic.

�� cyancyan is located across from redred, magentamagenta across from greengreen, 
and yellowyellow across from blueblue.

http://www.physicsclassroom.com/Class/light/U12L2d.html

Complementary Colors

� Primary colors and secondary colors are 
typically paired in this way:

� red and cyan (where cyan is the mixture of green 
and blue) 

� green and magenta (where magenta is the mixture of 
red and blue) 

� blue and yellow (where yellow is the mixture of red 
and green) 

Color by the Subtraction of Light

� Apart from reflecting and transmitting light, 
objects can also absorb light. 

� the color of an object depends on…

� the wavelengths present in the light that illuminates 
the object 

� what wavelengths are absorbed by the object and 
what wavelengths are reflected. 

Color by the Subtraction of Light

� When light is absorbed, its energy is taken into 
the object that it strikes and is turned into other 
forms of energy. 

� A red shirt is redred because the dyes in it reflect 
redred light to our eyes.  BlueBlue and greengreen are 
absorbed (subtracted).

� The grass looks greengreen because of the 
chlorophyll in it.  GreenGreen light is reflected and 
redred and blueblue absorbed (subtracted).

Color by the Subtraction of Light

� Subtractive primary colors filter out all light when 
combined.

� Pigments can be produced by combining 
subtractive colors (magentamagenta, yellowyellow, and cyancyan).
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Color by the Subtraction of Light

� A pigment that absorbs only one primary color
and reflects two from white light is called a 
primary pigment. (cyancyan, magentamagenta, and yellowyellow).

� A pigment that absorbs two primary colors and 
reflects one color is called a secondary pigment
(redred, greengreen, and blueblue).

Color by the Subtraction of Light

� When the primary pigments 
yellowyellow and cyancyan are mixed, 
the yellow absorbs blueblue
light and the cyan absorbs 
redred light. 

� Thus, the figure shows 
yellow and cyan combining 
to make greengreen pigment. 

4-Color Printing

� Image is separated into RGB components.

� CMY separations of image derived from the RGB 
separations.

4-Color Printing

� A color printer uses yellow, magenta, and cyan dots of 
pigment to make a color image on paper.


