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7.2: The pressure-volume relationship

Pressure-volume relationship

Consider a gas in a cylinder with a piston pushing it down due to massive objects placed on it and due to outside air pressure, as
illustrated in Fig. 7.2.1, The gas molecules strike the piston surface, applying pressure upward equal to the downward pressure
applied by the piston that keeps the piston stationary. Increasing the pressure on the piston, e.g., by adding more weight to it, causes
the piston to move down, reducing the gas volume. The gas molecules have less distance to travel before striking the piston surface
which increases the collision frequency and causes the gas pressure to increase until becomes equal to the outside pressure.

|
Figure 7.2.1: Illustration of Boyle’s law: for a given amount of gas at a constant temperature, the volume is inversely proportional
to the pressure. Source: NASA&#039;s Glenn Research Center / Public domain.
When a change in one parameter causes a change in another, the parameters are related. When an increase in one parameter causes
a decrease in another, the two are inversely proportional to each other. Robert Boyle studied the quantitative relationship between
the volume and pressure of the gas, keeping the quantity of gas and the temperature constant. The research concluded in a law
called Boyle’s law, which states that:

# Boyle's law

The volume of a gas is inversely proportional to the pressure of the gas provided the temperature and the amount of the gas
remain constant.
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Figure 7.2.2: Boyles law: the volume of the gas is inversely proportional to the pressure of the gas. Source: Robert Boyle, A
Defence of the Doctrine Touching the Spring And Weight of the Air (1662)

Fig. 7.2.2 illustrates the results of Boyle’s experiment. The mathematical form of Boyle’s law is:
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, where k is a consant. The graph of volume versus pressure is curvilinear, but the graph of volume versus the reciprocal of pressure
is a linear graph showing the inverse proportionality between the volume and the pressure. Since the product PV is a constant, it
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implies that:

PVi=RV,=k

, i.e., a product of initial pressure (P;) and initial volume (V7) is equal to the product of final pressure (P») and final volume (V) of
gas provided the quantity of the gas and temperature does not change.

v/ Example 7.2.1

The pressure of a 1.32 L sample of SO, gas at 0.532 atm is increased to 1.231 atm. Calculate the new volume of the gas if the
temperature and the quantity of the gas remain the same?

Solution

Given: P, = 0.532 atm, P, = 1.231 atm, V; = 1.32 L V, = ?

Formula: P, V; = PV, =k , rearrange to isolate the desired variable: V5 = P}VI .
2

Plug in the values in the rearranged formula and calculate: V5 = 9582atmxl.2L _ g 57 I,

1.231 atm
v/ Example 7.2.2

An oxygen tank holds 20.0 L of oxygen at a pressure of 10.0 atm. What is the final pressure when the gas is released and
occupies a volume of 200 L?

Solution
Given: V;=20.0L, V,=200L, P; =10.0 atm P, =7

Formula: P;V; = P,V, = k , rearrange to isolate the desired variable: P, = Pll,—lfl.

Plug in the values in the rearranged formula and calculate: P, = m*§+012m1 =1.00 atm.

Breathing process

Boyle’s law explains the mechanism of the breathing process. Lungs are elastic structures like balloons placed in the thoracic
cavity, as illustrated in Fig. 7.2.3. The diaphragm muscle makes a flexible floor and ribs surround the cavity.
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Figure 7.2.3: Illustration of breathing process —inspiration and expiration occur due to the expansion and contraction of the thoracic
cavity, respectively. Source: OpenStax College / CC BY (https://creativecommons.org/licenses/by/3.0)

Inhalation

The inhalation or the inspiration process starts when the diaphragm contract and move down and the rib muscles contract,

expanding the thoracic cavity. Volume increases, the air pressure decreases inside the inside thoracic cavity and the atmospheric air
flows into the lungs until the pressure in the lungs is equal to the outside pressure.
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Exhalation

The exhalation or the expiration process starts when the diaphragm expands and moves upwards, and the rib muscles relax,
contracting the thoracic cavity. Volume decreases and the air pressure increases inside the thoracic cavity that pumps the air out of
the lungs into the atmosphere.

This page titled 7.2: The pressure-volume relationship is shared under a Public Domain license and was authored, remixed, and/or curated by
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