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slowed down for a period of 5 seconds, the velocity, -10, is divided by 5 seconds. 
(-10 m/s ÷  5 s =  -2).  The result indicates that the car decelerated at a rate of -2 
m/s per second or -2 m/s2. 
 
Forces and Motion 
Acceleration does not occur without force acting on the object.   There are many 
types of forces that push and pull on an object causing them to move.  For instance, 
the muscles in our hands push computer keys downward, magnets attract and repel 
one another and simple machines help move large objects.  Force is also seen in 
sports.  The force exerted by a baseball bat changes the motion of the ball and a 
kicked football can not only change the shape of the ball on contact but also can 
change is velocity and acceleration as well. 
 
Friction 
Motion is affected by friction.  Friction is the resistance caused by moving one 
object against another object.  If you slide your foot across the surface of the floor, 
you will feel frictional force resisting your movement.  Friction is increased with 
different surfaces.  For instance, it is much easier to move your foot across a 
smooth, tiled floor than moving your foot along carpet because the rougher the 
surface, the greater the friction. 
 
The Force of Gravity 
If an object is dropped, it will fall toward the ground because of the force of the 
earth’s gravity.  In the 17th century, Galileo, an astronomer and physicist, was the 
first to show that the acceleration of the earth’s gravity does not depend on an 
object’s mass.  Objects of different masses accelerate at the same rate: 9.8 m/s2  or 
32.2 ft/s2 .   
 
This means a falling object will add 9.8 m/s to its speed every second it falls, 
regardless if it is a tennis ball, a hammer, or a feather.  After the first second, the 
object’s speed is 9.8 m/s, after the next second, its speed is 19.6 m/s, and after the 
third second the object’s speed is 29.4 m/s.  This acceleration is known as the 
acceleration of gravity. 
 
When a feather falls, it falls slowly because the air is acting as resistance. Because 
of air resistance, the feather moves slower. The forces at work are the same. If you 
dropped a feather in a container with no air (a vacuum), it would drop as fast as a 
hammer. 
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The Law of Gravity 
As a young man, Isaac Newton observed an apple fall to the ground.  His 
observation prompted his investigation and formulation of the law of universal 
gravitation.  The law of universal gravitation states any two objects will attract 
each other with a force called gravity.  Two factors, mass and distance, determine 
the strength of gravity.   
 
The force of the attraction is directly related to the mass of the objects.  If the mass 
of either of the objects increases, so will the force of the attraction.  Newton 
noticed the apple falling toward the massive earth but the same attraction exists 
between two apples.  Because the masses of the apples are smaller, so is the 
attraction.   
 
In addition to mass, distance affects gravitational attraction.  The force of attraction 
is inversely related to the square of the distance between two objects.  Simply 
stated, gravitational attraction is greater when objects are closer together and less 
when the objects are further apart.  If an object was moved to triple the distance 
from the center of the earth, the object would weigh less, one-ninth, of what it 
would weigh on the surface of the earth.  Its mass, however, would remain the 
same.   
 
Before the time of Galileo and Isaac Newton, philosophers believed that objects 
moved because they were simply supposed to move.  Galileo recognized that 
motion could be explained in terms of speed, velocity, and acceleration.  Newton 
expanded Galileo’s ideas.  In his work, Principia, Isaac Newton proposed three 
basic laws of motion.    
 
Inertia and the First Law of Motion 
Matter cannot make itself move nor can matter make itself stop or change 
direction.  For this reason, matter is inert.  Matter is without the power to move 
itself and matter resists changes in motion.   

 
Newton explained, “An object at rest tends 
to remain at rest unless acted upon by an 
external force; an object in motion tends to 
remain in motion at the same speed and in 
the same direction unless acted upon by an 
external force.”   
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The tendency of matter to resist changes in motion is called inertia and is directly 
related to the object’s mass.   Mass is often defined as the quantity of matter an 
object contains.  An object with a mass of 2 kilograms has twice the inertia 
compared to the mass of a one-kilogram object.   
 
Although we generally measure the amount of matter present in an object by 
weighing it, the weight of an object changes if it is in different places within the 
universe, while the mass of the object remains constant.  Weight is the measure of 
the gravitational pull on the object.   
 
An object in motion will travel the same distance at the same speed unless another 
force causes it to slow, stop, or change direction.  Sliding a hockey puck on ice 
meets with less resistance than a hockey puck slid along a sidewalk because the 
resistance, or frictional force, is less on the surface of the ice.  When forces are 
absent, as in the vacuum of outer space, the object will continue to move in a 
straight line and at the same speed indefinitely.  
 
Acceleration and the Second Law of Motion 
Where Newton’s first law of motion deals with objects at rest or in motion when 
no outside force acts on them, his second law of motion describes the motion of 
objects when outside forces do act upon objects.   
 
Newton’s Second Law of Motion states that the acceleration of an object is directly 
related to the strength of the force and inversely related to the object’s mass.  The 
Second Law of Motion can be restated using the following formula: 
 
Force = mass X acceleration  or   F = ma 
 
The stronger the force applied to the object, the 
faster the object will accelerate. The second law 
says that the acceleration of an object produced by 
an applied force is directly related to the magnitude 
of the force, the same direction as the force, and 
inversely related to the mass of the object.  
 
The second law shows that if you exert the same 
force on two objects of different mass, you will get 
different accelerations or changes in motion. The acceleration on the smaller mass 
will be greater and more noticeable. For example, if you kick a lightweight ball, it 
is going to travel farther than a heavier ball kicked with the same force. 
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The SI unit of force is the newton (N).  One newton is approximately the force of 
the earth’s gravity on a medium-sized apple.  The effect of a 10 N force on a 
baseball would be much greater than that same force acting on a truck. The 
difference in acceleration is entirely due to the difference in their masses.  
 
Action and Reaction:  The Third Law of Motion 
Newton’s Third Law of Motion states “that for every action, there is an equal and 
opposite reaction.”  Forces never act alone; forces always occur in action/reaction 
pairs.  If one object applies a force to a second object, the second object will apply 
an equal force on the first object.  
 
For example, when riding a bike, the bike’s tires push against the road and the road 
simultaneously pushes back on the tires.  A swimmer pushes the water backward, 
and the water pushes the swimmer forward.   
 
The Law of Conservation of Momentum 
Which would be more difficult to stop, a rolling golf ball or a rolling cannonball?  
The cannonball would be more difficult to stop because it is heavier.  Newton 
referred to this principle as the “quantity of motion.”  The quantity of motion 
consists of an object’s mass and its velocity.  A cannonball rolling at a higher rate 
of speed has more “quantity of motion” than a cannonball rolling at a lower rate of 
speed.  Newton’s “quantity of motion” is referred to as momentum.  Momentum, 
(represented by the symbol p), is the product of the mass (m) and the velocity (v) 
of an object:  P = mv. 
 

If no outside forces stop the object from moving, the momentum 
of the object does not change.  However, when an object collides 
with another object, the momentum can be transferred to the 
other object.  For example, when a billiard ball hits another 
billiard ball, it seems as though its momentum has been lost but 
in reality, its momentum has been transferred to the other billiard 
ball.  The momentum was conserved; it was transferred (or 

converted) and not lost.  
 
Types of Waves 
Light, sound, and electricity are all forms of energy carried by waves. There are 
two types of waves:  mechanical waves and electromagnetic waves.  Mechanical 
waves are vibrations that carry energy through a medium, or substance, such as 
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water, glass, or air.  Water and sound waves are examples of mechanical waves.  
As one particle vibrates, it causes its neighbor particle to vibrate, and the energy is 
passed through a medium.  The particles do not travel onwards with the wave nor 
does the wave permanently disturb the medium.  Each particle gradually stops 
vibrating and settles in its original position.   
 
The high points of the wave are called crests, and the low points are known as 
troughs.  A single wave consists of both a crest and a trough.  A complete wave is 
known as a cycle.    
 
There are two major types of waves:  transverse and longitudinal. They are named 
according to the direction of the displacements in relation to the direction of the 
motion of the wave itself. 
 
Transverse waves are waves in which particles vibrate at right angles to the 
direction the wave is traveling. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water waves, as seen in the above diagram, are an example of transverse waves.  
They cause objects, like a boat, cork, or duck, to bob up and down at right angles 
to the direction the waves are moving but do not carry the objects along with the 
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motion of the wave.  Another way to illustrate the movement of transverse waves 
is through the motion of a rope when one end is tied to a fixed point.  If a knot is 
tied in the center of the rope and an up-and-down movement is created, the knot 
will remain in place while the oscillating movement flows through the rope.  
 
Longitudinal waves oscillate in the same direction as their transmission; the wave 
is parallel to the direction of motion.  The particles of the medium vibrate forward 
and backward, like coils in a spring, as they are compressed and then spread out.   
In addition to the movement of sound waves, a Slinky toy is an example of a 
longitudinal wave. 
 

 
 
Measuring Waves 
An ordinary wave consists of four properties:  wavelength, amplitude, frequency, 
and speed. Although a wavelength can be measured from any point on a wave as 
long as it is measured to the same point on the next wave, it is usually  
measured from crest to crest or trough to trough. The Greek letter, Lambda (λ), is 
the symbol for wavelength. 
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The amplitude of a wave is the distance from a crest to where the wave is at rest. 
The amplitude is used to measure the energy transferred by the wave. The bigger 
the distance, the greater the energy transferred.  
 
The number of cycles, that is the number of complete waves (crest to crest or  
trough to trough), in a unit of time is called the frequency. The unit of 
measurement that is used for frequency is called a hertz (Hz). If we have a 
frequency of 1 Hz that means that one complete cycle passed in one second. So, 1 
Hz = 1 wave per second.   
  
Speed is the rate at which a wave travels through a medium.  Speed is represented 
by the symbol, v.   Speed is directly proportional to both wavelength and 
frequency.  When a wave moves faster, a greater number of waves will pass 
through a given point every second and the frequency will also increase.  To find 
the speed of a wave, the following formula can be used: 
 
Speed (v)  =  wavelength (λ)  X   frequency (f) 
 
For example, find the speed of a wavelength of 4 meters and 5 Hz using the 
formula above.  We know that 5 Hz is the same as 5 waves per second.  
Multiplying the frequency by the wavelength (5 waves/second x 4 meters) we find 
its speed is 20 meters per second, or 20 m/s.   
 
Wave Behavior 
When a wave collides with an obstacle or passes from one medium to another, it 
can change in shape, direction, or speed.  The wave before it changes is called an 
incident wave. 
 
Reflection 
When an incident wave hits an obstacle or boundary, it bounces off the obstacle 
and a change in the course of the waves results. This change is called reflection.  
The wave reflected back at angle is equal to its angle of approach.  After the wave 
collides with the obstacle, it is called a reflective wave.   
 
The shape of a reflective wave depends on both the shape of the incident wave and 
the shape of the obstacle it hits.  The law of reflection states that the angle of 
incidence equals the angle of reflection.  In other words, a straight wave hitting a 
straight barrier produces straight reflected waves; circular waves hitting a straight 
barrier produces circular waves, and circular waves hitting an inward-curving 
barrier produce straight reflective waves.   
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  Straight waves hitting         Circular Waves hitting          Circular Waves hitting 
  a straight barrier                  a straight barrier                    a curving barrier 
 
 
Refraction 
Although wave speed is generally consistent within a medium, the incident wave is 
affected if the medium or boundary changes. Water that is either deep or shallow 
acts as different mediums.  If a water wave moves from deep water into shallow 
water straight on, the wavelength may change but the frequency of the wavelength 
remains the same.  
 
 
                                    Wavelength 
 
 
 
 
                                                Boundary of  
                                                new medium 
 
 
 
 
 
If the waves cross the boundary at an angle, the wave will change in speed and 
direction. When a water wave enters into shallow water at an angle, one side of the 
wave will slow down before the other side and will turn toward the slower 
medium.  As a result, the direction of the water wave “turns” toward the medium 
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that slows the wave down.  The change is called refraction.  The wave that has 
undergone refraction is a refracted wave.   
 
Refraction also occurs when a water wave passed from shallow water to deeper 
water causes the speed of the wave to increase.  If the change in mediums occurs at 
an angle, one side will speed up before the other side of the wave but the wave will 
continue to turn toward the slower water.  Waves always bend toward the medium 
or boundary that slows them down.   
 
 
      Deep Water                                       Shallow Water 
 
      Direction of 
      Incident waves                                 Direction of  
                                                               Refracted waves 
 
 
 
                                                                       
                                        Refraction begins at this point       
 
 
Diffraction 
When an incident wave passes through a small gap, the wave spreads out in all 
directions and expands outward in a circular pattern.  This is called diffraction.   
The smaller the gap compared to the wavelength of the wave, the more the wave is 
diffracted.  When the opening is approximately the same size as one wavelength of 
the wave, the diffraction spreads out almost evenly.  (Diagram A) 
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 Diagram A 
 
                                 Incident Wave 
 
 
                                                               Gap             Diffracted  
                                                                                   Wave 
 
 
 
If a gap is larger than one wavelength of the wave, very little diffraction occurs. 
(Diagram B) 
 
      Diagram B 
                                  
                                 Incident Wave 
 
 
                                                               Gap            Diffracted 
         Wave 
 
 
 
Diffraction also allows waves to travel around obstacles in their path.  If a wave 
encounters a narrow rock, the broken ends of the wave quickly rejoins to itself as a 
result of diffraction.  (Diagram C) 
            
         Diagram C  
                   Diffracted 
         Wave 
      
 
                                Incident Wave       Obstacle 
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Interference 
When waves collide with fixed obstacles, their direction and/or speed may change.  
When two or more waves meet, each wave temporarily alters the other.  This effect 
is called interference.   
 
The kind of interference each wave experiences depends on which part of the wave 
is affected.  If two crests pass through each other, the waves strengthen each other 
and combine to form a “super-crest” that is the sum of the two original amplitudes. 
When two troughs pass through each other, a “super-trough” is formed which is as 
deep as the original depths of the troughs.  This is known as constructive 
interference. 
 
 
 
 
 
 
 
 
 
 
 
If a crest of one wave meets a trough of another wave, they cancel each other out.  
This is an example of destructive interference.  If the amplitudes of the two waves 
undergoing destructive interference are equal, the waves disappear.   
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Sound 
 

Sound is an energy that is carried by waves of vibrating particles through a 
medium.  Although sound waves can travel through many different mediums, such 
as metal, water, and even rocks, we typically think of sound waves traveling 
through air. 
 
Sound waves are longitudinal; the particles of a sound wave oscillate, or move 
back-and-forth, parallel to the direction in which the wave moves.  A sound wave 
consists of a compression pulse that presses air particles together pushing the 
particles forward.  As it moves backward, the particles spread out into a low- 
pressure area.  This is called a rarefaction pulse.   
 
 

 
 
 
In order to be transmitted, sound requires a medium containing particles.  Sound 
waves cannot travel through a vacuum because no particles exist in a vacuum to 
vibrate and move other particles along. 
 
Is there sound in a vacuum? 
In the 17th century, Robert Boyle, an English chemist and physicist, created an 
experiment to test how and if sound could travel without the presence of air 
particles in a vacuum. A vacuum is an empty space where no particles of air or and 
other matter exist.  By placing a timepiece with an alarm in an airtight container, 
he experimented with his hypothesis.  While air was in the container, the alarm 
could be heard through the glass.  As air was slowly pumped out of the container, 
the sound became weaker and weaker even though the hammer to the timepiece 
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continued to strike the alarm bell.  When air was slowly reintroduced into the 
chamber, the alarm could, once again, be heard.   
 
Boyle’s experiment proved that there could be no sound without matter (air 
particles). 
  
Characteristics of Sound 
On a diagram, sound waves are shown as a wavy line.  The crest shows where 
particles are compressed (compression) and the trough represents where the 
particles are spread out (rarefaction).  Wave diagrams indicate the number of 
waves per second and their strength.  
 
                                   crest 
 
 
 
                                
 
                       trough 
 
 
 
 
The power, or strength, of a sound wave is known as its intensity.  Varying 
intensity can be demonstrated by plucking a guitar string.  When a guitar string is 
plucked more vigorously, the intensity and the amplitude of the wave increases.  If 
a guitar string is plucked softly, the intensity and amplitude of the wave decreases.  
 
After the guitar string is plucked, the sound intensity gradually fades because the 
string loses energy but the frequency and wavelength remains unchanged.  Only 
the intensity and amplitude are changed as the string weakens with diminishing 
force.  The intensity of a sound wave also decreases as the distance from the source 
of the sound increases.   
 
Although intensity is the actual physical measurement of a sound wave, loudness 
is more of a subjective term because it describes how the sound is perceived. Loud 
sounds are waves with large amplitude while soft sounds are waves of low 
amplitude.  In reality, a sound that seems twice as loud to our human ears is 
actually ten times greater in intensity.  A sound that seems half as loud is ten times 
less in intensity. The loudness of a sound is measured in decibels (dB).   
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The number of waves per second is a wave’s frequency.  It is measured in hertz, 
or Hz.   The effect of frequency on the way our ears recognize sound is called 
pitch.  Pitch is a subjective term that is determined by the frequency of sound 
waves.   
 
The greater the frequency of the sound wave, the higher the pitch.  The lower the 
frequency of a sound wave, the lower the pitch.  The frequency of an average male 
voice is generally measured at 150 Hz while the average female voice is measured 
at 236 Hz.  A bird chirping has a higher frequency rate than the engine of a truck 
which has a low-frequency rate.   
 
Normally, the human ear can hear sound waves, known as audible sound, between 
20 and 20,000 Hz.  Sound waves above this range are known as ultrasound; while 
sound below the human range are called infrasound. 
 
Sound waves travel at different speeds in different medias.  Sound waves are 
transmitted four times faster in water than air and fifteen times faster in steel as 
compared to its speed of travel in air.  
 
All sound waves travel at the same speed through a medium regardless of their 
wavelength, intensity, or frequency. The speed of sound waves is affected by two 
main factors as they travel through air:  the temperature and the density of air. 
Generally, the denser, or more humid the air, the slower sound waves travel.    
 
The speed of a sound wave increases if the temperature increases and slows down 
as the temperature decreases.  When dry air measures at 0º Celsius, sound waves 
will travel 331 meters per second (331 m/s).  For every increase or decrease in the 
temperature, the speed of a sound is altered by 0.61 m/s on the Celsius scale.  
 
The speed of sound is generally measure at 1112 km/hr (691 mph).  Speeds above 
the speed of sound are called supersonic speeds.  Mostly, we refer to supersonic 
speeds in the aviation industry.  Supersonic speeds are expressed in Mach numbers 
because of the work of Ernst Mach, an Austrian physicist in the field of physics.  
Twice the speed of sound is known as Mach 2; three times the speed of sound is 
Mach 3. The space shuttle, after dropping out of orbit, glides through the 
atmosphere at Mach 10! 
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As an aircraft reaches supersonic speed, it creates a large shock wave, or a loud 
bang known as a sonic boom.  Sonic booms cannot only be heard, but their waves 
can also be felt.  These powerful shock waves can also damage buildings by 
loosening plaster and breaking glass.  Therefore, aircraft rarely fly at supersonic 
speeds in largely populated areas.   
 
Like other waves, sound waves can be reflected off an obstacle and moved into a 
different direction.  Following the laws of reflection (angle of incidence equals 
angle of reflection), sound waves follow similar patterns as water waves.   
 
If the space between the original sound and its reflection is greater than 0.1 
seconds, our ears hear it as two different sounds.  A sound that is heard shortly 
after the original sound is called an echo.   
 
Because sound waves travel approximately one kilometer in three seconds, echoes 
can be used to find the position of objects.  For example, if a person makes a loud 
noise from the edge of a canyon and hears the echo three seconds later, he could 
assume that the width of the canyon is approximately one-half of a kilometer 
because the sound traveled a total of one kilometer across the canyon and back. 
 
This same method, known as sonar, is used in sound navigation and ranging.  In 
order to measure the depth of seawater or to detect objects under water, sound 
waves are emitted and the echoes reflected from the submerged objects are 
analyzed by equipment on the ship.   
 
Echoes are also used in ultrasound scanning to see inside the body.  Bone, fat, and 
muscles all reflect sound waves differently.  As the information is received, a 
computer analyzes the information and creates a picture, or sonogram.   
 

Electromagnetic Waves 
 
In the 17th century, Isaac Newton,an English physicist, began a detailed 
investigation into the behavior of light.   In 1704, he published his book, Optiks, 
which discussed the properties of light and color.  He believed that light can be 
thought of as streams of tiny particles emitted by a light source.  His particle theory 
of light, although reasonable, could not be proven with the equipment of the 18th 
century.  But Newton’s speculation about the nature of light was widely accepted. 
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Another theory of light was promoted by Christian Huygens.  In 1678, in his 
writings, Treatise on light, he promoted a wave theory of light, stating that light 
consisted of waves, not particles.  Although Huygens ideas were not widely 
accepted at the time, further experiments in the early 19th century discovered that 
light undergoes diffraction and interference.  Newton’s particle theory could not 
explain this behavior of light.   
 
The wave theory of light replaced the particle theory by the mid 19th century.  
Scientists, however, did not know what type of wave made up light until a Scottish 
physicist, James Clerk Maxwell, demonstrated that light consisted of two 
transverse waves.  The transverse waves vibrated back and forth at right angles to 
each other.  One wave was a vibrating electric field and the other wave consisted 
of a magnetic field.  The second wave, like the first wave, vibrated in a back and 
forth motion at the same frequency as the first wave.   
 
The two transverse waves act together as a single, electromagnetic wave.      
Electromagnetic waves are transverse waves that are made up of continually 
changing electric and magnetic fields.  Like mechanical waves, electromagnetic 
waves can also travel through most solids, gases, or liquids.  Unlike mechanical 
waves, however, electromagnetic waves can travel through a vacuum and travel 
much faster than sound and water waves.   
 
When Maxwell investigated electromagnetic waves, he believed that even thought 
waves were invisible, except for those waves that make up light. They could be 
detected by the electric and magnetic fields they create.  
 
In 1888, a German professor, Heinrich Hertz, experimented with electromagnetic 
waves using a simple loop of wire.  The wire sparked when it was struck by 
electromagnetic waves.  This device was the prototype of the first radio transmitter 
and receiver.  Hertz’s experiments explained that low-frequency electromagnetic 
waves, or radio waves, had the same properties of light.  Hertz’s findings proved 
that the wave theory of light was fundamentally correct.   
 
As the scientific world continued to explore the characteristics of waves, they 
discovered that the wave theory of light was not always consistent.  Some 
characteristics could only be explained if light was made up of waves, while other 
characteristics could only be explained if light was made up of particles. 
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In the early 20th century, Max Plank and Albert Einstein, demonstrated that light 
has both waves and particle characteristics.  This dual nature theory is known as 
the quantum theory of light.   
 
As predicted by James Clerk Maxwell, there is a wide range of electromagnetic 
waves.  The complete range of electromagnetic waves can be arranged by their 
wavelength and frequency.  The arrangement is known as the electromagnetic 
spectrum:   
 
                          X-rays                                visible light                        microwaves 

 
  
gamma rays                     ultraviolet rays                   infrared rays                       standard broadcasting rays 
 
 
 
               short wavelength                                                        long wavelength 
 
            high frequency                                                            low frequency 
 
 
Gamma Rays 
The most powerful form of electromagnetic radiation is the gamma ray.  Gamma 
rays are short, high frequency waves.  Because of their power, gamma rays cause 
harm to living tissue.  Excessive exposure to gamma rays can cause radiation 
burns, cancer, or death but they can also be useful.  Gamma rays are used to 
sterilize medical equipment and food. Focused beams of gamma rays are also used 
to destroy cancerous tumors and cells in the human body without harming the 
healthy tissue.   
 
X-rays 
In 1895, a German physicist, Wilhelm Roentgen, discovered a strange form of 
radiation.  The rays were able to pass through wood, paper, and human flesh, but 
could not penetrate metal.  He named the radiation, X-ray, because of its unknown 
properties. (In algebra, x stands for the unknown).  Experiments with x-rays 
demonstrated that X-rays were a form of electromagnetic waves.   
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Hospitals and doctors use X-rays to detect injuries to different parts of the body. 
Because X-rays can travel through most soft tissue but are unable to pass through 
hard, dense tissues, they cannot show injuries or information inside the bone. 
 
X-rays are used for examinations in medicine, airports, dentistry, and industry.   
 
Ultraviolet Rays 
Ultraviolet Rays (UV) have more energy than visible light and can cause chemical 
reactions.  For example, UV rays from the sun cause the skin to increase 
production of a chemical called melanin.  The brownish chemical causes skin to 
become “tanned.”  Too much exposure to UV rays can cause the overproduction of 
melanin which may lead to skin cancer.  But UV rays do have a beneficial effect 
on the human body.  UV rays trigger the production of Vitamin D in the human 
body by breaking down compounds found in our skin. 
 
Visible Light 
On the electromagnetic spectrum, there is a narrow band of frequencies that 
humans can see.  In the following section, we will learn about the properties and 
behavior of the visible light spectrum.   
 
Infrared Rays 
Infrared Rays are best known as heat waves.   The heat from the sun travels to the 
earth as infrared rays.  When you feel the warmth of a fire or the heat given off by 
a lamp, your body has detected infrared rays through the skin.   
 
Every object radiates heat because every object contains molecules and atoms, 
both of which are constantly in motion. This motion creates heat. As heat rises, the 
more molecules and atoms move and create increased levels of infrared. 
 
An infrared camera is able to detect heat. With a specially designed lens, the 
camera converts heat into an electronic signal. The infrared camera then displays 
the electronic signal on a monitor allowing soldiers, pilots, and firefighters to “see” 
in the dark.  The infrared camera is also able to calculate the heat of an object and 
is able to detect the heat that an object emits, even the radiation that is not visible 
to the eye. 
 
An infrared image can reveal differences in temperature. This is useful when 
attempting to determine leaks in walls, lack of insulation or even circuits that are 
overloaded. 
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Microwaves 
Microwaves are radio ways with short wavelengths.  Microwaves have a variety of 
uses.  The most familiar use of microwaves is the microwave oven which heats and 
cooks food more quickly by making all the molecules in a food substance vibrate 
at the same time.  In conventional cooking, heat is passed from the molecules at the 
edge of the food to the center and the cooking process, as compared to that of the 
microwave, takes longer.   
 
Microwaves are also commonly used in the communication industry.  Microwaves 
are transmitted between satellites and ground stations.  Radar, which stands for 
radio detection and ranging, uses microwaves to find the position of distant and 
direction objects.  A typical radar system gives off a brief pulse of microwaves and 
listens for echoes as the microwaves are reflected off a solid object.  A receiver 
picks up the echo and the information is transformed into a screen image.  
 
Radio Waves 
Low frequency electromagnetic waves are used for communication. These waves 
are known as radio waves.  Most radio and television shows are broadcast as radio 
waves.  These are a band of waves in the electromagnetic spectrum with a range of 
different wavelengths and frequencies.  Before broadcasting, sounds and images 
have to be changed into electrical signals.  Microphones are used to create 
electrical signals for sound and signals for images are created by cameras.  
 
The lowest-frequency radio waves are produced by longwave radio transmitters in 
order for some ships to communicate and for navigational purposes.  With a 
slightly higher frequency, AM radio stations broadcast the band on the spectrum 
from 540 kHz (kilohertz) to 1600 kHz.  An AM radio tuner is labeled according to 
these frequencies. 
 
Shortwave radios are used for international broadcasting because waves in a 
shortwave band can easily be bounced off the earth’s upper atmosphere allowing 
some broadcasts to be heard half-way around the world. 
 
Higher frequencies are used for television and FM radio broadcasting.  The FM 
band uses frequencies from 87.5 MHz (megahertz) to 107.9 MHz.  An FM radio 
tuner reflects the different frequencies.  Higher frequencies of radio waves are used 
by television broadcasts and cellular phones.   
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Light 
 
Light is a form of energy that is made up of electromagnetic waves. Light waves 
are a type of transverse wave that transports energy from one source to its 
surroundings.  On the electromagnetic spectrum, the waves that our eyes see are 
called visible light. 
 
Six colors compose the visible light of the electromagnetic spectrum.  Arranged in 
order of increasing frequency, the colors of the visible spectrum are:  red, orange, 
yellow, green, blue, and violet.  When all the frequencies of color enter our eyes at 
the same time, we perceive the color white.  White, therefore, can be considered to 
be the mixture of all colors of light.   
 
When no frequencies of visible light penetrate our eyes, we perceive the color 
black.  Black, then, can be thought of as the absence of color.  Very weak light is 
perceived as gray. 
 
The ancient Greek philosopher, Aristotle believed that white light contained no 
color.  This idea was proven false by Sir Isaac Newton and his experiments with 
prisms.  Using a glass prism, Newton separated a beam of white light into different 
colors and with an additional beam, the colors of the spectrum were blended back 
into white light. 
 
In his experiments, Newton realized that a prism separated white light into its 
components through refraction.  Each frequency of light, or color, in white bends 
at various angles according 
to its frequency.  Red light, with the lowest frequency, is refracted the least while 
violet, with the highest frequency, is refracted the mostmost.   
 
Any object that gives off light is referred to as luminous.  Examples of luminous 
objects are the sun, a lit candle, or a light bulb.  Non-luminous objects, such as the 
moon, can only be seen when light from a luminous source bounces off of it. 
 
The level of brightness from a luminous source can vary.  The level of brightness 
of a luminous source is referred to as its intensity.  The further you are from the 
light source, the less intense the light is because light waves spread out as they 
travel away from the source.   
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The Reflection of Light 
Similar to water waves and sound waves, light can be reflected when it comes into 
contact with an obstacle.  As with other waves, light follows the law of reflection 
that states that the angle of incidence equals the angle of reflection.  For example, 
by shining a flashlight into the mirror at different angles, equal and different angles 
of reflection will result.  This is called regular reflection.  
 
 
                                               Incident                Reflected 
                                                Rays                     Rays 
 
 
 
 
                                                       Smooth Surface 
 
 
 
 
Not all substances or surfaces react to light rays in the same way as a mirror.  
When light is shined on a piece of white paper, the roughness of the paper particles 
disperses and diffuses the light in many directions.  Diffuse reflection is the most 
common type of reflection on most surfaces.  The principle of reflected light is 
used not only in the technology of flashlights, but in telescopes, lighthouse beams, 
headlights, and satellite dishes.   
 
 
                                            Incident                     Scattered 
                                            Rays                          Rays 
 
 
 
 
 
                                                            Rough Surface 
 
 
Different amounts of light can be passed through different types of substances.  
Substances that allow light waves to pass completely through them are called 
transparent while substances that only allow partial light to pass are known as 
translucent.  The clear glass of a window is considered to be transparent while 
frosted glass is an example of a translucent substance.   
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The term opaque refers to an object such as wood, ceramics, or concrete that does 
not let light pass through them.   
 
 
Refraction of Light 
When waves cross a boundary between two mediums, the speed of the waves 
changes. The speed of light rays increases when moving into less dense objects and 
slows down moving into denser objects.  For example, the speed in which light 
rays move through a diamond are slower than the speed in which they move 
through water.  
 
In addition to the speed of the light rays changing, the greater the density of the 
obstacle, the greater the angle of refraction. Like water and sound waves, refracted 
light waves always bend toward the medium that slows them down.  
 
This same principle is used for eyeglasses, contact lenses, cameras and any other 
lens that is designed to refract light.  By varying the thickness and curvature of 
glass, the path of light can be altered.  A convex lens curves outward and causes 
light to bend inwards.  The convex lens allows objects to be magnified.  A concave 
lens is curved inward and causes the light rays to bend outward.  Concave lenses 
are used to see objects from a distance.   
 
Diffraction of Light 
Like other waves, light is diffracted when light rays pass through tiny gaps or meet 
the edge of an opaque object.  Diffraction of light rays is difficult to detect with the 
human eye because of visible light’s short wavelengths.   Diffraction is most 
noticeable when the obstacle is close to one wavelength.  
 
Light Interference 
When light rays are diffracted or reflected, the paths of the light rays may meet.  
Like other types of waves, some wavelengths are strengthened (constructive) and 
some might be weakened (destructive) which causes certain colors to become 
visible.    Interference of light is most commonly seen in extremely thin films such 
as oil slicks or soap bubbles.  This is caused when light reflected off the outer 
surface of the bubble interferes with light reflected off the inner surface.  Because 
the two reflections are often at the same angle, the waves experience interference. 
 
The same effect can be seen on a compact disc.  When light enters the tiny gaps on 
the shiny surface of a compact disc, the light rays are diffracted and interfere.  
Some frequencies (colors) interfere constructively while other frequencies interfere 
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destructively and cancel each other out.  This causes the eye to see certain colors at 
different angles.  
 
When colors are constantly changing, the effect is known as iridescence.  
Iridescence is the process by which colors are produced by interference when light 
is reflected.   
 
The Speed of Light 
In the vacuum of space, light travels at the approximate speed of 300,000 
kilometer/second (km/s).  At this speed, light can travel around the earth seven 
times in less than a second.  In three seconds, light can travel to the moon and 
back.  Traveling the 93,000,000 miles from the sun, light takes approximately eight 
minutes to reach the earth. 
 
Although the speed of light is altered when it passes through matter, the speed of 
light in a vacuum is always constant.   
 
 

Magnetism 
 

Magnetic Poles, Forces, and Fields 
Any piece of material that has the property of attracting iron (or steel) is called a 
magnet. Every magnet has two points, or poles, where most of its strength is 
concentrated; these are designated as a north-seeking pole, or north pole, and a 
south-seeking pole, or south pole, because a suspended magnet tends to adjust 
itself along a north-south line.   The like poles of different magnets repel each 
other, and the unlike poles attract each other. 
 
One significant property of magnets is that whenever a magnet is broken, a north 
pole will appear at one of the broken faces and a south pole at the other, such that 
each piece has its own north and south poles. It is impossible to isolate a single 
magnetic pole, regardless of how many times a magnet is broken or how small the 
fragments become.  
 
In the 18th century, C. A. Coulomb, a French physicist, found that the magnetic 
forces between two poles followed an inverse-square law of the same form as that 
describing the forces between electric charges. The law states that the force of 
attraction or repulsion between two magnetic poles is directly proportional to the 
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product of the strengths of the poles and inversely proportional to the square of the 
distance between them. 
 
The effect of this magnetic force acting at a distance is expressed in terms of a 
field of force. A magnetic pole sets up a field in the space around it that exerts a 
force on magnetic materials.  Magnetic flux lines show the strength and direction 
of the magnetic field.  The magnetic field is strongest where the lines are closest 
together. 
 
 
 

 

 

 

 

To see magnet flux lines, sprinkle some iron filings onto white paper.  Hold a 
magnet underneath the paper and the iron filings will move to show the pattern of 
the magnetic field.  

Magnetic Material 
The term magnetism is derived from Magnesia, the name of a region in Asia Minor 
where lodestone, a naturally magnetic iron ore, was found in ancient times. Iron is 
not the only material that is easily magnetized when placed in a magnetic field; 
others materials include nickel and cobalt. Although carbon steel was commonly 
used for permanent magnets in the past, other materials have been developed that 
are much more efficient as permanent magnets, such as alnico, an alloy containing 
iron, aluminum, nickel, cobalt, and copper. 
 
Materials with a small attraction to a magnet are called paramagnetic materials, 
such as aluminum, platinum, and manganese. Materials such as iron, cobalt, and 
nickel have a strong attraction to magnets and are called ferromagnetic materials 
(Latin ferrum, “iron”).   
 
Ferromagnetic materials are described as hard or soft.  Soft ferromagnetic 
materials, such as iron, loose their magnetic properties rapidly when the 
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magnetizing source is discontinued.  Magnets made from these materials are called 
temporary magnets.   
 
Hard ferromagnetic materials, such as steel, keep their magnetic properties for 
much longer.  They are known as permanent magnets. After being magnetized, a 
permanent magnet will retain the properties of magnetism indefinitely. Permanent 
magnets are usually more difficult to magnetize, but they remain magnetized. 
 
The Basis of Magnetism 
The electrical basis for the magnetic properties of matter is verified down to the 
atomic level. Because a magnet can be cut into smaller and smaller pieces 
indefinitely, the cause of magnetism must be from a property of the smallest 
particles of the material, the atoms.  
 
In the early 1800s, A. M. Ampere first suggested the theory that magnetic fields 
were due to electric currents continually circulating within the atom.   
 
Ampere determined that a magnetic field is produced whenever an electrical 
charge is in motion. The spinning and orbiting of the nucleus of an atom produces 
a magnetic field, as does electrical current flowing through a wire. The direction of 
the spin and orbit determine the direction of the magnetic field. The strength of this 
field is called the magnetic moment. 
 
In 1913, Niels Bohr, a Danish scientist, developed a model of atom.  In his model, 
Bohr depicted electrons spinning and orbiting the nucleus of an atom.  
 
All matter is made up of atoms. Atoms have a positively charged center called the 
nucleus. A nucleus contains one or more protons and neutrons and is orbited by 
one or more negatively charged particles called electrons.  As the electrons spin 
and orbit the nucleus, they produce a magnetic field.  
 
A magnetic domain is region in which the magnetic fields of atoms are grouped 
together and aligned. Magnetic domains can be thought of as miniature magnets 
within a material.  
 
 
 
 
 
 


