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Enrichment

Start
(first hill)

 How would you describe the structure in 
the illustration above to someone who has 
never seen a roller coaster? Physicists 
would call the roller coaster a machine that 
uses gravity and inertia to send a train up 
and down along a winding track.

Using Gravity
A roller-coaster ride begins as the line 

of cars moves to the top of a hill on the 
structure. The higher the first hill is, the 
greater the distance is that gravity can pull 
it down. As the cars start moving down 
the hill, gravity takes over and applies a 
constant downward force on the cars. The 
energy of this forward motion, increased by 
the pull of gravity, propels the train up to 
the top of the second hill, where gravity 
takes over and pulls the train down again.

The tracks channel the force of the 
motion—they control the way the cars fall. 

If the tracks slope down, gravity pulls the 
front of the car toward the ground; so it 
accelerates. If the tracks tilt up, gravity 
applies a downward force on the back of 
the car; so it slows down.

Objects Keep Doing What They’re Doing
According to Newton’s first law of 

motion, an object at rest tends to stay at 
rest unless acted upon by an outside force, 
and an object in motion tends to stay in 
motion unless acted upon by an outside 
force. So, the roller-coaster cars maintain 
velocity even when they are moving up the 
track against the force of gravity.

Newton also applied the concept of 
friction to moving objects. Using an 
example of a bowling ball put into 
motion on a bowling alley, according to 
the first law it will stay in motion unless 
acted upon by an outside force. If the alley 
never ended, however, the ball would not 
roll forever; the force of friction would 
eventually cause the ball to stop. The same 
thing happens with the roller-coaster 
cars—during the ride, friction gradually 
slows the cars, and by the end of the ride, 
they are moving slowly and are easily 
halted.

Fun with Newton’s Laws

Applying Critical-Thinking Skills
Directions: Answer each question.

 1. Apply In a race, as runners cross the finish line, why do they continue to move a few 
steps before halting?

 2. Explain In which sport, field hockey or ice hockey, is it easier to move the ball or puck 
across the playing area? Why?

LESSON 2
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Enrichment LESSON 3

Finding Neptune
Isaac Newton’s writings were the result of 

observing nature and attempting to explain 
its behavior in terms of the consequences of 
a few principles (or laws), expressed as 
mathematical relationships. In 1687, 
Newton published a book often referred to as 
the Principia. Many  consider its publication 
the beginning of modern science. The 
Principia inspired scientific theory and 
discoveries for the next 200 years.

Predicting a New Planet
Newton explained the motions of 

objects on Earth, the motion of objects in 
the heavens, the tides, and more, with a 
single principle that we now call Newton’s 
second law. The idea that forces can change 
an object’s motion by changing its speed 
and/or direction was at the core of an 
investigation of the motions of the planet 
Uranus in the 1800s.

In the 1820s, astronomers had enough 
accurate data on the motion of Uranus to 
notice that it did not move according to 
predictions calculated from Newton’s law. In 
1841, John Couch Adams, a student at 
Cambridge University, had the idea that 
Uranus was in fact following Newton’s law, 
 but its motion and direction were affected 
by the force from all the known planets as 
well as a force from an unseen planet. 
Adams wrote: “Formed a design . . . this 

week, of investigating, as soon as possible 
after taking my degree, the irregularities of 
the motion of Uranus, which are yet 
unaccounted for; in order to find out 
whether they may be attributed to the 
action of an undiscovered planet beyond it.”

Finding a Planet
Meanwhile, other people got involved.
June 1845: The director of the Paris 

Observatory asked Urbain-Jean-Joseph 
Leverrier to work on the problem of 
Uranus’s orbit.

October 1845: Adams had deduced an 
orbit, mass, and position for the perturbing 
planet. Neither Adams nor Leverrier knew 
that the other was working on the problem.

June 1846: Leverrier published a paper 
in which he stated that the only possible 
explanation for the orbit of Uranus is the 
existence of a planet farther from the Sun 
than Uranus.

June 1846: The results of Leverrier’s 
paper reached the Astronomer Royal in 
Britain, who saw that Leverrier’s and 
Adams’s prediction for the position of the 
new planet were almost identical.

September 1846: Leverrier asked the 
German astronomer J. G. Galle at the Royal 
Observatory in Berlin to search for the 
“new planet” at his predicted location. 
Galle located it within 30 minutes. 

  Applying Critical-Thinking Skills 
Directions: Respond to each statement.

 1. Identify the force from the known planets, as well as the unknown one, that was 
affecting the position and motion of Uranus. 

  2. Galle confirmed that he had discovered the “new planet” by observing it again the 
following night.  Explain how a second observation about the object’s position would 
confirm that the object was a planet.
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“I do not know what I may appear to 
the world, but to myself I seem to have 
been only a boy playing on the seashore, 
and diverting myself in now and then 
finding a smoother pebble or a prettier shell 
than ordinary, whilst the great ocean of 
truth lay all undiscovered before me.” 
—Isaac Newton

Isaac Newton is one of the most original 
and influential theorist in the history of 
science. In addition to his invention of 
calculus and a new theory of light and 
color, he transformed physical science 
with his three laws of motion and the law 
of universal gravitation. He was professor 
of mathematics at Cambridge University, 
elected to Parliament in 1701, elected 
president of the Royal Society in 1703 
and every year until his death, and 
knighted by the queen in 1705.

Understanding Mathematics
Newton’s childhood was not a happy 

one. When he was almost three years old, 
his mother left him with his grandmother, 
remarried, and raised a second family with 
a wealthy man in a nearby town. His 
mother returned after the death of her 

second husband, and after Newton showed 
no interest in learning to farm and manage 
the estate, agreed that he should be sent to 
school and later to Cambridge University.

Newton’s interest in mathematics began 
in 1663 when he bought an astrology book 
at a fair in Cambridge and discovered that 
he could not understand the mathematics 
in it. That led him to attempt to read a 
trigonometry book, where he recognized 
that he lacked knowledge of geometry, 
which led him to Euclid, which led him to 
study another mathematics book, three more 
geometry books, and two algebra books. By 
then he was doing original mathematical 
work. He noted Wallis’s treatment of 
problems in his algebra book, but also 
devised his own proofs, writing; “Thus Wallis 
doth it, but it may also be done thus.”

In the two years after he graduated from 
Cambridge, Newton began revolutionary 
advances in mathematics, optics, physics, 
and astronomy. Insights that he achieved 
during this period led to the publication 
of his Principia, which has long been 
considered the most important book 
published in the history of science.

Isaac Newton 

LESSON 4Enrichment

Applying Critical-Thinking Skills 
Directions: Respond to each statement.

 1. Interpret Newton wrote: “Plato is my friend—Aristotle is my friend—but my greatest 
friend is truth.” Use that quote and the comment about Wallis’s book to  write about 
Newton’s view of learning.

 2. Explain To avoid disputes about his theories, Newton often withheld publication of his 
work. Wallis, who had become an acquaintance, wrote to Newton, “You say, you dare 
not yet publish it. And why not yet? Or, if not now, when then? You adde [sic], lest I 
create you some trouble. What trouble now, more than at another time? ... Meanwhile, 
you lose the Reputation of it, and we the Benefit.” Explain why scientists feel that it is 
important to know about others’ work.
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Enrichment LESSON 1

Elastic Potential Energy
You have learned that potential energy 

is energy stored in matter. Potential energy 
is also called the energy of position. There 
are several types of potential energy, 
including gravitational potential energy, 
chemical potential energy, and nuclear 
potential energy.

Another type of potential energy is called 
elastic potential energy. When you stretch a 
rubber band, you use your energy to pull 
the ends apart. You change the position of 
the ends with respect to one another. 
Another way to think of this is that you use 
energy to change the shape of the object.

The energy you used is stored in the 
rubber band as long as it remains stretched. 
When you release one end of the band, the 
stored energy changes to kinetic energy. 
Some of the potential energy may also 
change to sound energy.

The energy stored in the rubber band is 
equal to the amount of energy you used to 
stretch it. You might have noticed that it is 
easy to stretch a rubber band when you 
first start to pull. It gets harder as you keep 
pulling. You do more work on the band, so 
it contains more potential energy. 

Springs
Rubber bands are said to be elastic 

because they can change their shape. 

Springs are another type of object that can 
store potential energy. A rubber band stores 
energy only when you stretch it. A spring 
can store energy by being compressed or 
stretched.

Compression: When you wind the 
spring on a toy car, you do work on a 
spring. The work compresses the spring, 
which stores the energy until the car is 
released. Then the potential energy changes 
to kinetic energy, and the car rolls along 
the floor.

Stretching: Some screen doors have a 
spring that attaches the door to the frame. 
When you open the door, you stretch the 
spring. If you release the door, the spring 
returns to its original shape. The energy 
stored in the spring does work on the door, 
causing it to close.

Other Elastic Objects
In the Middle Ages, warriors built 

devices known as a trebuchet, or catapult. 
These devices used elastic potential energy 
to hurl rocks (sometimes at the walls of a 
castle). You use elastic potential energy 
when you jump on a trampoline, stretch 
bungee cords, or shoot an arrow from a 
bow. 

Look around you. What other common 
devices use elastic potential energy?

Applying Critical-Thinking Skills
Directions: Answer each question or respond to each statement.

 1. Analyze Use elastic potential energy to explain how a person can go higher into the air 
on a trampoline. Explain how the energy changes from one form to another.  

 2. Infer How would the amount of potential energy stored in the bungee cord compare to 
a rubber band stretched the same distance? Explain.
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Energy—conserved or not?

Enrichment LESSON 2

 Applying Critical-Thinking Skills 
Directions: Answer each question or respond to each statement.

 1. Analyze Does the second law of thermodynamics contradict the first law? Explain.

 2. Explain why thermal energy that is produced when a car’s gasoline burns is no longer 
useful.

The law of conservation of energy states 
that energy is not created or destroyed but 
can change from one form to another. 
This law is also called the first law of  
thermodynamics. Thermodynamics is the 
study of the conversion of energy into heat 
and other forms.

Running Out of Energy
People often use the term running out of 

energy. For example, when all the gas in a 
car has been burned, the car stops running. 
If you have used a flashlight for a long 
time without changing the batteries, the 
flashlight stops working. The batteries run 
out of energy. How can this be true if the 
first law of thermodynamics is correct?

To understand this, you have to focus on 
the energy exchanges in a particular system. 
A system is the part of the universe involved 
in the changes you are observing. For 
example, the car and gasoline form a system. 
When gasoline burns in a car, the potential 
energy stored in the gasoline changes to 
kinetic energy. Much of the energy goes 
into moving parts of the car. As the parts 
move, friction converts the moving energy 
of the parts to thermal energy. Molecules in 
the air around the parts then move faster. 

Although the quantity of energy might 
not change, the quality of the energy will. 
The potential energy in the gasoline is 
useful energy because it can do work on 

other objects. As the energy changes to 
thermal energy—the energy of moving 
particles—it can no longer be used to do 
useful work.

Technically, work is still being done in 
the heated particles. When they bounce off 
one another, they produce a force that 
moves other particles some distance. But 
filling the tank of a car with hot air won’t 
make the car run.

Entropy
The second law of thermodynamics 

is called the law of entropy. Entropy is a 
measure of the disorder or randomness of 
a system. Gasoline molecules have low 
entropy. The energy is concentrated in a 
small volume. The heated molecules in air 
that are the final product of the burning of 
gasoline are random and have high entropy. 

The second law of thermodynamics 
states that matter tends to become more 
disordered. A cup of hot cocoa cooling off 
at room temperature seems like an obvious 
concept, but think about it. In the cocoa, 
the energy is concentrated in the molecules 
of liquid. By the time the cocoa cools off, 
that energy has spread throughout the 
room. Entropy—disorder—is much greater. 

Because of the second law, we can say 
that the universe will run out of useful 
energy when all the energy is spread out 
with maximum randomness, or entropy. 
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