
In the center of the `School of Athens' by Raphael are Aristotle 
and Plato, Aristotle's hand level to the Earth symbolizing his 
realism view of Nature; Plato's hand pointed towards the heaven 
symbolizing the mystical nature to his view of the Universe. This 
image symbols the sharp change in the meaning of how `natural 
philosophy' or physics will be done for the 2,200 years.



Aristotle also provides a good example of the way in which what 
one knows or believes influences the way one understands new 
information. His theory of motion flows from his understanding 
of matter as constituted of four elements: air, earth, fire, and 
water. Each element exists in its own sphere around the Earth. 
Objects, being solid like earth, would tend to clump together 
with other solids (earth), so objects tend to fall to earth, 
their natural place. Thus, falling is a natural motion. Hot 
objects, like a hot air balloon, would rise towards its sphere 
of Fire.

The way Aristotle believed 
objects to fall on the Earth

The way objects actually 
fall to Earth



Galileo’s laws of motion: 

• developed the concept of motion in terms of velocity (speed 
and direction) through the use of inclined planes. 

• developed the idea of force, as a cause for motion. 

• determined that the natural state of an object is rest or 
uniform motion, i.e. objects always have a velocity, sometimes 
that velocity has a magnitude of zero = rest. 

• objects resist change in motion, which is called inertia. 





Newton’s laws of motion: 

• T h e t h r e e r o o t q u a n t i t i e s i n m e c h a n i c s 
are velocity, time and distance. The three are related by 
the formula; distance = velocity x time 

• change in velocity = acceleration -> caused by force 

• inertia = resistance to change in velocity and is 
proportional to the mass of the object 

W i t h r e s p e c t t o t h e e n e r g y o f m o t i o n w e 
follow Newton's formulation of the concept of momentum. A 
quantity that is used to describe the energy of motion and is 
expressed as the mass of an object times its velocity. 

Newton also found that there is a law of the conservation of 
momentum that states the total momentum of a system is 
conserved. In other words, the sum of the momentum before must 
equal the sum of the momentums afterword. Conservation laws are 
extremely powerful in physics since they allow one to derive 
the future from the present conditions. 





Energy can not be created or destroyed, only transferred 
from place to place. Energy is defined to be force times 
distance and is expressed in units of ergs (grams 
centimeter per second). 

• energy is not like matter 
• energy does not have size, shape or occupy space 
• energy does not have inertia 

Energy is a measure of the ability of a physical system 
to perform work (i.e. to change the system).



The law of the conservation of energy means that energy can 
neither be created or destroyed, only transformed from one 
form to another.





Matter consists of atoms held together by electromagnetic 
forces. How tight these bonds are determines which of the 
four states: solid, liquid, gas and plasma, matter exists as.



Atomic theory is the field of physics that describes the 
characteristics and properties of atoms that make up matter. The 
key point to note about atomic theory is the relationship between 
the macroscopic world (us) and the microscopic world of atoms. 
For example, the macroscopic world deals with concepts such as 
temperature and pressure to describe matter. The microscopic 
world of atomic theory deals with the kinetic motion of atoms to 
explain macroscopic quantities.



Macroscopic properties of matter are governed by the Ideal Gas 
Law of chemistry (a combined form of the 4 laws shown here).



Temperature is explained in atomic theory as the motion of 
the atoms (faster = hotter). Pressure is explained as the 
momentum transfer of those moving atoms on the walls of the 
container (faster atoms = higher temperature = more 
momentum/hits = higher pressure). 



For the ideal gas law, atoms appear to operate as tiny billiard 
balls, having no structure. Rutherford performed early 
experiments of shooting alpha particles (helium nuclei) at 
sheets of gold to show that atoms were, in fact, mostly empty 
space. Rutherford's model of an atom has a small nucleus 
containing protons (positive charged particles) and neutrons 
(particles with no electric charge) surrounded by electrons 
(small particles of negative charge).



Bohr developed a different model of the atom to explain the 
absorption and emission line spectrum that could not be 
understood by the Rutherford atom model. The Bohr atom is 
similar to Rutherford atom, except the electrons can only move 
in fixed or quantized orbits.



The search for the origin of matter means the understanding 
of elementary particles. The understanding of elementary particles 
requires an understanding of not only their characteristics, but 
how they interact and relate to other particles and forces of 
Nature, the field of physics called particle physics.



The two most fundamental types of particles are quarks and leptons, 
where each class is divided into 6 flavors corresponding to three 
generations of matter. Quarks (and antiquarks) have electric 
charges in units of 1/3 or 2/3's. Leptons have charges in units of 
1 or 0.




