
Chapter 1: The Fundamental Physical Quan88es 
 
Welcome to the Acous&cs Terminology for Musicians podcast, brought to you by your host, 
Robert Willey. The order that the terms are introduced in this podcast follows the organiza8on 
of John Backus’ book, The Acous8cal Founda8ons of Music. 
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Part I of Backus’ book is called “The Physical and Acous8cal Background”, and consists of four 
chapters. The first chapter is 8tled “The Fundamental Physical Quan88es”. Backus says that we 
need to learn some basic terms from physics that we will then be able to use as we con8nue in 
our study of acous8cs. 
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The metric system began around 1800 in France in order to make computa8on easier and to 
facilitate trade. It has since been adopted by most countries besides the United States and 
Canada.  
 
The metric system makes it easier to do computa8ons since all units, such as meter and 
kilogram can be evenly divided by ten, unlike the Imperial units of feet and pounds. A meter is a 
liWle longer than a yard, and there are about two and half cen8meters to an inch. One kilogram 
is equal to about 2.2 pounds. 
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The displacement of an object is the distance it has been pushed. When a pressure wave moves 
through the air it temporarily displaces the air molecules it passes through by pushing them 
away from their res8ng point, or point of equilibrium. 
 
Speed and velocity both have to do with how fast an object moves. Speed is the distance an 
object has moved in a unit of 8me, while velocity measures an object’s speed and the direc8on 
it is moving in.  
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Speed can be computed by dividing distance by 8me, like we do when we calculate how many 
miles per hour a car is travelling. When someone tells you that a car travelled 60 miles per hour 
you don’t know which direc8on it went. 
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If we divide both sides by Speed, and mul8ply both sides by Time, we get the formula Distance 
= Speed / Time. 
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The mass of an object is the amount of maWer in it. The metric system’s unit of measure of mass 
is the kilogram, which is equal to about 2.2 pounds. A kilogram was originally defined as equal 
to the mass of 1,000 cubic cen8meters of water. The more mass an object has, the more it 
resists changes in speed or posi8on when a force is applied to it. 
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Einstein figured out that mass can be converted to energy, and his Special Theory of Rela8vity 
expresses the rela8onship between energy, mass, and the speed of light in the equa8on E = mc 
squared. The sun creates energy by conver8ng hydrogen into helium. 
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The force of gravity on a mass can be measured by an object’s weight. Gravity on earth is six 
8mes greater than on the moon, so a one-kilogram  object will weigh six 8mes more on earth 
than it does on the moon, while its mass remains the same in both loca8ons. 
 
Force is a push or pull on an object. When we use force on an object it may change, or distort, 
its shape. If the object is elas9c enough it will stretch, and return to its original shape ader we 
stop applying force to it. 
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Newton’s First Law states that an object at rest remains at rest unless acted upon by a force. 
Force must be applied to get an object moving, and to overcome any fric8on between it and 
others it is touching. Fric8on may then con8nue to act to slow it down as the object rubs against 
its environment. 
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Force is measured in newtons. A one newton force will cause a one-kilogram mass to accelerate 
to one meter per second squared, or less, depending on how much fric8on there is. 
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Pressure is measured by the number of newtons of force on an area. The unit of pressure is 
newtons per square meter. 
 
Gravity pulling down on the atmosphere above us creates a pressure on us of almost 100,000 
newtons per square meter, or about 15 pounds per square inch. Like fish that are unaware of the 

artwork/EinsteinEquation.png
artwork/Gravity.png
artwork/Friction.png
artwork/NewtonFormula.png
artwork/PressureFormula.png


water they swim through, we live in a pressurized world, and most of what we study in acous8cs 
are phenomena resul8ng from pressure waves, which need a medium like air to travel through.  
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You can feel pressure differences between your middle ear and your environment when you go 
up in an airplane or dive deep underwater. It can be equalized by opening the Eustachian tube 
leading from your middle ear to your pharanx by swallowing, sneezing, or yawning, which opens 
the tube. 
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Newton’s First Law of Mo8on states that an object at rest will remain at rest unless acted upon 
by an external force. Work is the amount of force applied to an object 8mes the distance it travels. 
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Energy is measured in terms of the unit joule. One joule of work is done when one newton of 
force is used to accelerate an object through a distance of one meter in one second. Work that 
is done to overcome fric8on generates heat.  Try rubbing your hands together to make them 
warmer. If you apply more pressure between your hands you will create more fric8on, and 
therefore more heat will be generated. Pressure waves gradually lose their energy as they push 
their way through air molecules and bounce off walls. 
 
[ image: EnergyConversion.png from Crea8ve Commons 4.0 license, hWps://www.e-
educa8on.psu.edu/egee102/node/1906 ] 
 
Doing work requires Energy. Energy cannot be created or destroyed, it can only be converted 
from one form to another. Acous8c energy is the energy that passes through a medium in the 
form of a wave. 
 
Power is the rate at which work is done, and is measured in joules per second, or waWs. 
Something that is using energy at a rate of one joule per second is using power at the rate of 
one waW.  
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A one-hundred waW lightbulb uses one hundred joules of energy per second. A kilowaW is equal 
to a thousand waWs, and y our electric bill is calculated by the number of kilowaWs you use in a 
month 8mes the number of hours you use them. A kilowaW of power used for one hour costs 
about 15 cents. 
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We have reached the end of the vocabulary covered from Chapter 1. In Chapter 2 we will apply 
these terms to describe simple vibra8ng systems. Vibra8ons create pressure waves, which travel 
through the air and enter a listener’s ears, which then cause sensa8ons of sound in their brain.    
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