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Physics of the Respiratory System

1. Introduction
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The respiratory system is a biological system consisting of specific organs and structures used
for the process of respiration in an organism. The respiratory system is involved in the intake
and exchange of oxygen and carbon dioxide between an organism and the environment.

2. Structure of the Respiratory System

The respiratory system provides oxygen (O,) to the body’s cells while removing carbon
dioxide (CO,), a waste product that can be lethal if allowed to accumulate. There are 3 major
parts of the respiratory system:
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3. Respiratory System Functions

Upper tract

1. Nose, mouth and nasal

cavity (to warm, filter and
moisturize the inspired air).
2. Larynx

Lower tract

1. Trachea (to flow the
inspired air toward the
bronchi).

2. Bronchi (to furnish air to
each lung).

3. Alveoli(each bronchioles
terminatesin several
alveolar sacs where the
exchanging O, and CO,
between inspired air
and blood in alveoli occur)

The functions of the respiratory system can be classified as following:
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Gas exchange — O, enters blood and CO, leaves.

Keeping blood pH (acidity) constant - Altered by changing blood carbon dioxide levels.
Voice production - Movement of air past vocal folds makes sound and speech.
Protection — Removing the dust particles stuck to the moist lining of various air ways.

Thermoregulation - Heating and cooling of body.

Fluid balance - Warming and moisturizing the air we breathe.
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4. Mechanism of Breathing (Ventilation)

Ventilation process is a mechanical movement of air into (inspiration or inhalation) and out of
(expiration or inhalation) the lungs. Air movement is determined completely by the pressure
gradients which are produced by thoracic expansion/contraction. Pressure is inversely related

to volume of lung volume according to Boyl's law which is given by:
PV, = PV, = Constant
And the flow of airis given by:  Flow = (Pamospheric — Patveolar)

At rest Inspiration Expiration

(a) At rest, diaphragm is relaxed. (b) Diaphrag: (c) Diaphragm relaxes, thoracic
volume increases. volume decreases.
P.iveolar = 760 mmHg P.iveolar = 757 mmHg P.iveolar = 763 mmHg
Patmospheric= 760 mmHg Patmt:»spheric= 760 mmHg Patmospheric= 760 mmHg
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EXHALATION (passive)
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Movement of ribs during inspiration (inhalation)

The lungs can be expanded or contracted in two ways:

a. By elevation and depression of the ribs to increase or decrease the anteroposterior

diameter of the chest cavity for inspiration and expiration consequently.
b. By downward and upward movement of the diaphragm to lengthen or shorten the chest

cavity for inspiration and expiration consequently.



Variation of pressures during breathing

Many pressures, gradients, volumes and flows are involve
pressures are:

P, , pressure at the airway opening (mouth pressure);
P, pressure in the alveoli (intrapulmonary pressure);
P, pressure in the plural space (intrapleural pressure);

Py, pressure at the body surface

P20
Trachea l
(windpipe) Transresporatory
s pressure (P,)
Pleura | % -
(lung lining) Transpilmonar
pressure (P))
Lung P, :
> Transthoracic
Pleural space Py, pressure (Py)
Inspiration Expiration
Transrespiratory pressure gradient (Prs) = Pay — Pao +05 + :
Volume +
Change +
- It is responsible for air flow into and out of the lungs. (liters) T+
0
Transpulmonary pressure gradient (P;) = Py, — Py -
Alveolar +

- It is responsible for the degree of the alveolar inflation.
Transthoracic pressure gradient (Pw) = Py — Py

- It is the difference in pressure across the chest wall, or
the total pressure necessary to expand or contract the
lungs and chest wall together.

e Changes in flow and volume are related to changes in these
pressure gradients, as shown in the graphs on the right.

e Positive transpulmonary pressure is important to keep the
lungs inflated at all times.
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