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The lungs are the organs of respiration in human body; the two lungs are
located near the backbone on either side of the heart. Their function in the
respiratory system is to extract oxygen from the atmosphere and transfer it into the
bloodstream, and to release carbon dioxide from the bloodstream into the
atmosphere, in a process of gas exchange. Respiration is driven by different
muscular systems.

In the body the source of energy is food, it is processed in the digestive system
and then combined with O2 in the cell of the body to release energy.

Breathing rate: The number of breaths per minute the number of movements
indicative of inspiration and expiration per unit time. We breathe (6 liter) of air
per minute (this is also about the volume of the blood the heart pumps each
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minute. Men breathe 12 times per minute at rest and women 20 times per minute
and infant 60 times per minute.

The Functions of Respiratory System:
1- Exchange O2 and CO2.
2- Keeping the PH (acidity) of blood constant.
3- The lungs play a secondary role in the heat exchange.
4- Provide a controlled flow of air for talking, coughing, laughing…. Etc.
5- Voice production.

Breathing patterns are different during conversation. The person inhales
rapidly and more deeply before speaking in order to have more air to
produce voice sound. The air way resistance by the vocal cords inside

the voice box causing increased in the work needed (w) which goes into
sound energy. The voice has a power of less than 1 mv.
We breathe about 10 Kg of air each day.

The airways
The respiratory tract is divided into the upper airways and lower airways.

The upper airways includes
The nose
The pharynx

nasal passages

Para nasal sinuses

and the portion of the larynx above the vocal cords.

The lower airways includes
The portion of the larynx below the vocal cords
and bronchioles.
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The lungs can be included in the lower respiratory tract or as separate entity and
include the respiratory bronchioles, alveolar ducts, alveolar sacs, and alveoli.

The
lower
respiratory tract
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The alveoli
1- Like small interconnected bubbles.
2- Its diameter ~ 0.2 mm.
3- Its wall thickness ~ 0.4 mm
4- They expand and contract during breathing
5- Each alveolus is surrounded by blood, so that O2 can diffuse from the
alveolus into the red blood cells RBC and the CO2 diffuse from the blood
into the air in the alveolus.
6- At birth, the number of alveoli in the lung ~ 30× 106 , by age 8 –years ~
300 × 106 and stay constant.

The interaction of blood and lungs:
Blood is pumped from the heart to the lung under relatively low pressure~ 20
mmHg, the blood volume is about 1 litter(1/ 5 of the blood body supply ) is to
the lungs, but only 70ml of the blood is in the capillaries of the lungs to make
blood gas exchange.

Two general processes are involved in gas exchange in the lungs:
1- Ventilation: getting the air to the alveolar surface.
2- Perfusion: getting the blood to the pulmonary capillaries.
If either process fail the blood will not properly oxygenated.
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There are three types of ventilation –perfusion areas in the lungs:
1- Areas with good ventilation and good perfusion.
2- Areas with good ventilation and poor perfusion.
3- Areas with poor ventilation and good perfusion.
In a normal lung the first type account for over 90% of the total volume. If the
blood flow to part of along is blocked by a clot (pulmonary embolism) that
volume will have poor perfusion. If air passages in the lungs are obstructed as a
pneumonia that involved area will have poor ventilation.

The diffusion
The Diffusion is the net movement of molecules from a region of high
concentration to a region of low concentration. The transfer of O2 and CO2 into
and out of the blood is controlled by physical low of diffusion. In lung, diffusion
occurs in both gas and liquids.
The diffusion depend on
 The speed of the molecules.
 The temperature.

is the volume of air present in the
lungs at the end of passive expiration. At FRC, the opposing elastic recoil
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forces of the lungs and chest wall are in equilibrium and there is no exertion
by the diaphragm or other respiratory muscles.
FRC= Expiratory Reserve Volume (ERV) + Residual Volume (RV).
It measures approximately 2400 mL in an 80 kg, average-sized male. In order to
measure RV precisely, one would need to perform a test such as nitrogen washout,
helium dilution or body plethysmography..

A plethysmograph is an instrument for measuring changes in volume within
an organ or whole body (usually resulting from fluctuations in the amount of
blood or air it contains)
is a measure of the lung's ability to stretch and expand
(dispensability of elastic tissue). In clinical practice it is separated into two
different measurements, static compliance and dynamic compliance.
Pulmonary compliance is calculated using the following equation,
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Compliance =

∆𝑣
∆𝑃

Where ΔV is the change in volume, and ΔP is the change in pleural pressure.
is the resistance of the respiratory tract to airflow during
inspiration and expiration. Airway resistance can be measured using body
plethysmography
The flow of air in the lungs is analogous to the flow of current in the electrical
circuit “ohms law” for air look like ohms law of electrical circuit with voltage
replaced by the pressure difference ∆P and current replaced by the air flow V.
∆𝑃

𝑅𝑔 = 𝑉

Airway resistance is gave by the units of pressure per unit of flow rate commonly
cm H2O/(litter /sec). In adults typical 𝑅𝑔 = 3.3 cm H2O/(litter /sec). it depends on
Dimensions of the tube and the viscosity of the gas.

Measuring of lung volumes:
Spirometer: it’s a simple instrument used to measure air flow into and out of
the lungs and record it on a graph of volume and time.
It can measure three of four lung volumes, inspiratory reserve volume, tidal
volume, expiratory reserve volume, but cannot measure residual volume.
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