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The Physical and Acoustical Background

We may illustrate the concept of pressure further with a simple
example. Suppose Fig. 7 represents a square tank whose bottom mea.
sures 0.5 meters x 0.5 meters and which contains water to a depth of 2 
meters. The total mass of water in the tank will then be 500 kilograms. 
Since each kilogram weighs 9.8 newtons, the total weight of water will 

Fie. 7. Forces exerted by the pressure 
of a Jiquid on the container and on an 

immersed object. 

be 500 X 9.8 = 4.9 X 103 newtons. This force is spread over an area of 
0.25 square meters, so the pressure p on the bottom of the tank, as 
given by Eq. (5), is 

p = 4.9 X 103 N = 1.96 X 104 N/m2.
0.25 m2

The same pressure is exerted on the side of the tank at the bottom, as 
indicated by the horizontal arrow near the bottom of the tank in 
Fig. 7. The pressure at a point in a liquid is produced only by the 
amount of liquid above that point; hence at a point higher up along 
the side of the tank, the pressure is less. Halfway up the side, the 
pressure will be half that at the bottom, and at the top water surface, 
it will be zero. This decrease in pressure at points higher up the side 
of the tank is illustrated by the horizontal arrows in Fig. 7. 

In English units, pressure is usually expressed in pounds force per 
square inch. When we ask the service station attendant to put 30 
pounds in our tires, we do not mean that we want a mass of 30 pounds 
of air in them. What we actually want is enough air to give a pressure 
of 30 pounds force per square inch on the inside of the tire. 

We spend our lives surrounded by the earth's abnosphere, which 
exerts a pressure on everything in it, like any other :fluid. At sea level, 
this pressure amounts to very nearly 105 newtons per square meter, 
or ( in English units) about 15 pounds force per square inch. It 
decreases with altitude; at an elevation of 15,000 feet is about baH 
that at sea level. Normally we are unaware of this pressure, but we do 
notice changes in it if they are large enough, as when we go up in

an airplane or under water; generally the change in pressure mani-
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The Funda,nental Physical Quantities 19 

fests itself in our ears as curious noises or perhaps pain. The actual 
value of the atmospheric pressure at any given place changes a little 
from time to time; its value at any given time is called the ambient 
pressure. Slow changes in the ambient pressure are of interest to 
meteorologists, furnishing information on changes in the weather. Small 
but rapid changes in the ambient pressure produce sensations in the 
ear which we call sound, and which we wil1 subsequently study in

considerable detail. 

Work and Energy 

The terms work and energy have various shades of meaning in our 
everyday lives. In physics, however, they have very specific meanings. 
If a force acts on an object and results in the object moving, then 
physical work is done by the force. For example, in Fig. 3( a), neither 
the force of gravity nor the force of the table acting on the block does 
work, since the block does not move. In Fig 3(b ), however, if we 
push hard enough on the block to move it, we will do work. 

The work that is done is measured by the product of the force times 
the distance moved in the direction of the force. If F represents the 
force and D the distance moved, then the work W done by the force is 

W=F•D. (6) 

We could express this in newton meters, but since in physics we use this 
quantity a great deal, we give the unit of work a name of its own and 
call it a joule ( abbreviated J). If a force of one newton acts through 
a distance of one meter, it does one joule of work. 

The distance used in Eq. ( 6) above must be that moved in the 
direction of the force. In Fig. 3 ( b), for example, the force of gravity on 
the block does no work when the block moves along the table because 
there is no motion in the direction of this force. 

In order to do work, we must expend energy. Any system which can 
do work must have a supply of energy available from somewhere to 
accomplish this work. This is a consequence of a very fundamental 
physical principle known as the law of conservation of energy, which 
states that energy cannot be created or destroyed, but can only be 
transformed from one form into another. To the physicist, this makes 
energy just as real as money; it cannot be spent unless there is a 
supply somewhere to draw on, and once spent it is generally gone 
forever. In our everyday lives we are becoming increasingly conscious 
of the fact that the energy we need so much of cannot be created 
from nothing, and where it will come from in the future is becoming 
a matter of considerable concern. 

The dennition of physical work given above is somewhat at variance 
with our intuitive feelings about things. If I lift a heavy weight off the 
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