
Mrs. Lee 
 
Physical Science 
 
3rd week of 2nd 9 weeks 
 
This week we will be discussing motion and inertia.  The first three sections will be on Galileo 
and Aristotle.  Please read the section and then do the questions at the end of each section. 
Please submit all work to mlee@floydbroncos.com or 575-562-0154.  
 

2.1 Aristotle on Motion 

Learning Objective 

Establish Aristotle’s influence on classifying motion. 

Aristotle divided motion into two classes: natural motion and violent motion. Natural 
motion had to do with the nature of bodies. Light things like smoke rose, and heavy 
things like dropped boulders fell. The motions of stars across the night sky were natural. 
Violent motion, on the other hand, resulted from pushing or pulling forces. Objects 
whose motions were unnatural were either pushed or pulled. Aristotle believed that 
natural laws could be understood by logical reasoning. 

Two assertions of Aristotle held sway for some 2000 years. One was that heavy objects 
necessarily fall faster than lighter objects. The other was that moving objects must 
necessarily have forces exerted on them to keep them moving. 

These ideas were completely turned around in the 17th century by Galileo, who held 
that experiment was superior to logic in uncovering natural laws. Galileo demolished the 
idea that heavy things fall faster than lighter things in his famous Leaning Tower of Pisa 
experiment, where he allegedly dropped objects of different weights and showed 
that—except for differences due to the effects of air resistance—they fell to the ground 
together. 
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Aristotle (384–322 bc) 
Aristotle was the foremost philosopher, scientist, and educator of his time. Born in 
Greece, he was the son of a physician who personally served the king of Macedonia. At 
age 17, he entered the Academy of Plato, where he worked and studied for 20 years 
until Plato’s death. He then became the tutor of young Alexander the Great. Eight years 
later, he formed his own school. Aristotle’s aim was to systematize existing knowledge, 
just as Euclid had systematized geometry. Aristotle made critical observations; collected 
specimens; and gathered, summarized, and classified almost all of the existing 
knowledge of the physical world. His systematic approach became the method from 
which Western science later arose. After his death, his voluminous notebooks were 
preserved in caves near his home and were later sold to the library at Alexandria. 
Scholarly activity ceased in most of Europe through the Dark Ages, and the works of 
Aristotle were forgotten and lost in the scholarship that continued in the Byzantine and 
Islamic empires. Several of his texts were reintroduced to Europe during the 11th and 
12th centuries and were translated into Latin. The Church, the dominant political and 
cultural force in Western Europe, at first prohibited the works of Aristotle and then 
accepted and incorporated them into Christian doctrine. 

2.1 Aristotle on Motion 

1. What were Aristotle’s two main classifications of motion? 
2. Did Aristotle believe that forces are necessary to keep moving objects 

moving, or did he believe that, once moving, they would move by 
themselves? 

2.2 Galileo’s Concept of Inertia 

Learning Objective 

Establish Galileo’s influence in understanding motion. 

Galileo tested his revolutionary idea by experiment. After studying balls rolling on planes 
inclined at various angles, he concluded that an object, once moving, continues to move 



without the application of forces. In the simplest sense, a force is a push or a pull. 
Although a force is needed to start an object moving, Galileo showed that once it is 
moving, no force is needed to keep it moving, except for the force needed to overcome 
friction (more about friction in Section 2.7). When friction is absent, a moving object 
needs no force to keep it moving. Galileo reasoned that a ball moving horizontally would 
move forever if friction were entirely absent. A ball would move of itself, of its own 
inertia, the property by which objects resist changes in motion. 

This was the beginning of modern science. Experiment, not philosophical speculation, is 
the test of truth. 

History of Science: 

Galileo Galilei (1564–1642) 
Galileo was born in Pisa, Italy, in the same year Shakespeare was born and 
Michelangelo died. He studied medicine at the University of Pisa and then changed to 
mathematics. He developed an early interest in motion and was soon at odds with 
others around him, who held to Aristotelian ideas on falling bodies. He left Pisa to teach 
at the University of Padua and became an advocate of the new theory of the solar 
system advanced by the Polish astronomer Copernicus. Galileo was one of the first to 
build a telescope, and the first to direct it to the nighttime sky and discover mountains 
on the Moon and the moons of Jupiter. Because he published his findings in Italian 
instead of in Latin, which was expected of so reputable a scholar, and because of the 
recent invention of the printing press, his ideas reached many people. He soon ran afoul 
of the Church and was warned not to teach and not to hold to Copernican views. He 
restrained himself publicly for nearly 15 years. Then he defiantly published his 
observations and conclusions, which were counter to Church doctrine. The outcome 
was a trial in which he was found guilty, and he was forced to renounce his discoveries. 
By then an old man broken in health and spirit, he was sentenced to perpetual house 
arrest. Nevertheless, he completed his studies on motion, and his writings were 
smuggled out of Italy and published in Holland. His eyes had been damaged earlier by 
viewing the Sun through a telescope, which led to blindness at age 74. He died four 
years later. 
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2.2 Galileo’s Concept of Inertia 

3. What two main ideas of Aristotle did Galileo discredit? 
4. Which dominated Galileo’s way of extending knowledge: philosophical 

discussion or experiment? 
5. What is the name of the property of objects to maintain their states of 

motion? 

2.3 Mass—A Measure of Inertia 

Learning Objective 

Describe and distinguish between mass and weight. 

Every material object possesses inertia; how much depends on its amount of 
matter—the more matter, the more inertia. In speaking of how much matter something 
has, we use the term mass—the greater the mass of an object, the greater the amount 
of matter and the greater its inertia. Mass is a measure of the inertia of a material 
object. 

Loosely speaking, mass corresponds to our intuitive notion of weight. We say 
something has a lot of matter if it is heavy. That’s because we are accustomed to 
measuring matter by gravitational attraction to Earth. But mass is more fundamental 
than weight; it is a fundamental quantity that completely escapes the notice of most 
people. There are times, however, when weight corresponds to our unconscious notion 
of inertia. For example, if you are trying to determine which of two small objects is 
heavier, you might shake them back and forth in your hands or move them in some way 
instead of lifting them. In doing so, you are judging which of the two is more difficult to 
get moving, seeing which is the more resistant to a change in motion. You are really 
comparing the inertias of the objects. 

It is easy to confuse the ideas of mass and weight. We define each as follows: 

Mass: The quantity of matter in an object. It is also the measure of the inertia 
or sluggishness that an object exhibits in response to any effort made to start 
it, stop it, or change its state of motion in any way. 
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Weight: The force upon an object due to gravity. 

The standard unit of mass is the kilogram, abbreviated kg. Weight is measured in units 
of force (such as pounds). The scientific unit of force is the newton, abbreviated N, 
which we’ll use in this textbook. The abbreviation is written with a capital letter because 
the unit is named after a person. 

Mass and weight are directly proportional to each other.* If the mass of an object is 
doubled, its weight is also doubled; if the mass is halved, the weight is halved. Because 
of this, mass and weight are often interchanged. Also, mass and weight are sometimes 
confused because it is customary to measure the quantity of matter in things (their 
mass) by their gravitational attraction to Earth (their weight). But mass doesn’t depend 
on gravity. Gravity on the Moon, for example, is much less than it is on Earth. Whereas 
your weight on the surface of the Moon would be much less than it is on Earth, your 
mass would be the same in both locations. 

Don’t confuse mass and volume, the quantity of space an object occupies. When we 
think of a massive object, we often think of a big object. An object’s size, however, is not 
necessarily a good way to judge its mass. Which is easier to get moving: a car battery 
or a king-size pillow? So we find that mass is neither weight nor volume. 

A nice demonstration that distinguishes mass from weight is the massive ball 
suspended on the string shown in Figure 2.7. The top string breaks when the lower 
string is pulled with a gradual increase in force, but the bottom string breaks when the 
string is jerked. Which of these cases illustrates the weight of the ball, and which 
illustrates the mass of the ball? Note that only the top string bears the weight of the ball. 
So when the lower string is gradually pulled, the tension supplied by the pull is 
transmitted to the top string. Thus the total tension in the top string is pull plus the 
weight of the ball. The top string breaks when the breaking point is reached. But when 
the bottom string is jerked, the mass of the ball—its tendency to remain at rest—is 
responsible for breakage of the bottom string. 

One Kilogram Weighs 10 N 

A 1-kg bag of any material at Earth’s surface has a weight of 9.8 N. Away from Earth’s 
surface, where the force of gravity is less (on the Moon, for example), the bag would 
weigh less. 
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Except in cases where precision is needed, we round off 9.8 and call it 10. So 1 kg of 
something on Earth’s surface weighs about 10 N. If you know the mass in kilograms 
and want the weight in newtons, multiply the number of kilograms by 10. Or, if you know 
the weight in newtons, divide by 10 and you’ll have the mass in kilograms. As previously 
mentioned, weight and mass are proportional to each other. 

Density 
An important property of a material, whether solid, liquid, or gas, is the measure of its 
compactness: density. Density is a measure of how much mass is squeezed into a 

given space; it is the amount of matter per unit volume: Like mass and weight, density 
has to do with the “lightness” or “heaviness” of materials. But the distinction is that 

density also involves the volume of an object, the space it occupies. For example, a 

kilogram of lead has the same mass as a kilogram of feathers, and, at the surface of 
Earth, both of them have the same weight—2.2 lb. But their densities are very different. 

A kilogram of lead is very dense and would fit into a tennis ball, while the same mass of 
feathers has a very low density and could adequately stuff the shell of a down-filled 

sleeping bag. Volume is often measured in cubic centimeters (cm3) or cubic meters 

(m3), so density is most typically expressed in units of g/cm3, or kg/m3. Water has a 
density of 1 g/cm3. Mercury’s density of 13.6 g/cm3 means that it has 13.6 times as 

much mass as an equal volume of water. Although different masses of the same 

material have different volumes, the given materials have the same density. 

Unifying Concept 
Density 

A pillow is bigger than a car battery, but which has more matter? Which has more 
inertia? Which has more mass? Greater density? 
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2.3 Mass—A Measure of Inertia 

6. Which depends on gravity: weight or mass? 
7. Where would your weight be greater: on Earth or on the Moon? Where 

would your mass be greater? 
8. What are the units of measurement for weight and mass? 
9. One kg weighs 10 N on Earth. Would it weigh more or less on the Moon? 
10.Which has the greater density: 1 kg of water or 10 kg of water? 

 

 

 

 

 

 


