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Chapter 9-19. The Respiratory System
The respiratory system consists of passageways that filter

incoming air as it enters the lungs. Here, in microscopic air sacs,
gas exchange takes place between the external, atmospheric air
and the body environment; the next plate explores these
exchanges. Some of the structures we’ll see in this plate have
already been encountered in previous plates.

On entering the body, air passes through the first structure of
the upper system; the nasal passage (A). A light color should be
used for this passageway. Within the nasal passage, outcrop-
pings of bone from the lateral wall divide the main passageway
into smaller ones. These outcroppings are called nasal conchae
(A1). Air circulates around these ridges and becomes warm and
moist before entering the lungs.

The upper respiratory system also contains a number of air-
filled spaces between several of the bones of the skull, called
sinuses. The diagram shows the frontal sinus (B1) and the sphe-
noid sinus (B2); air is warmed and moistened in these spaces.
Cilia and mucus along the walls of the sinuses also trap foreign
microorganisms and debris in the air.

In this section of the head, we also see features of the diges-
tive system. The tongue (a) is the large muscle that fills most of the
space of the oral cavity. It assists in the mechanical digestion of
food. The oral cavity leads to a major passageway called the
pharynx (C), which serves both the respiratory and digestive sys-
tems. The esophagus (b) leads from the pharynx to the stomach.

Below the pharynx, we encounter the larynx (D), which is the
first portion of the passageway that leads to the lungs. The brack-
et outlining this structure should be colored boldly, and a pale
color should be used for the structure itself. The flap-like epiglot-
tis guards the entry to the larynx, and several plates of cartilage
make up the walls of the larynx.

Continuous with the larynx is the windpipe, also known as the
trachea (E). The rings of the trachea are made up of cartilage,
and you may use a dark color to highlight them.

The trachea extends in front of the esophagus into the thoracic
cavity, then splits to form two passageways called bronchi. On
the visual right (the anatomical left) is the left bronchus (F1), and
at your visual left (the anatomical right) is the right bronchus (F2).
The color that was used for the trachea sh6uld be used here to
show the continuity of the tube, and the arrows should be colored
in a bold color such as a blue or purple.

Each bronchus continues as a bronchial tree. The left
bronchial tree (G1) and the right bronchial tree (G2) are desig-
nated with arrows that may be colored boldly, but the tubes
themselves should be colored with a light color. Cartilage rings
hold the tubes open through most of their length, and the tubes
themselves are composed of smooth muscle. The right and left
bronchial trees lead to the smaller alveolar ducts, then to the air
sacs of the lungs.

The left lung (H1) and the right lung (H2) occupy most of the
space of the thoracic cavity. The lungs are soft and spongy and
cone-shaped. They are separated from each other by the heart
and a central area of the thorax called the mediastinum.

The expansion of the lungs depends heavily on the activity of the
large dome-shaped muscle known as the diaphragm (I). When this
muscle contracts, air enters the lungs, as the next plate explains.
Enclosing the lungs are the bones of the thoracic cage; these bones
protect the lungs and provide support for the thoracic cavity. These
include the ribs (c), the sternum (d), and the clavicles (e). We sug-
gest you outline the margins of these bones to show their proximity
to the lungs. The muscles associated with the ribs are an essential
factor in breathing, as the next plate demonstrates.
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0 Nasal Passage .......... A

0 Nasal Conchae ........ AI
0 Frontal Sinus ........ B1
0 Sphenoid Sinus ........ B2
0 Pharynx ................ C

0 Larynx ................ D

0 Trachea ................ E

The Respiratory System

C) Left Bronchus ........ F1
C) Right Bronchus ........ F2
C) Left Bronchial

Tree .................. GI
0 Right Bronchial

Tree .................. G2
0 Left Lung ............ HI

C) Right Lung ............ H2
0 Diaphragm .............. I

0 Tongue ................ a

0 Esophagus ............... b

0 Ribs .................. c

0 Sternum ................ d i

0 Clavicles..: ........... e #
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Chapter 9-20--The Mec
The respiratory system functions in the exchange of oxygen and

carbon dioxide between body cells and the external environment.
The system contains highly branched, hollow tubes that form air
passageways and conduct air into and out of the lungs. The mech-
anism by which inhalation and exhalation take place are the
primary subject matter of this plate. We also discuss how gas is
exchanged at clusters of microscopic air sacs called alveoli.

Breathing takes place when air enters and leaves the lungs.
We begin this study by focusing on the first diagram entitled At
Rest. The lungs (A) are shown as paired organs that occupy most
of the space of the thoracic cavity (B). Notice that the thoracic
cavity is a closed environment, bounded along the right and left
sides by the ribs and intercostal muscles (C), and at the bottom
by a dome-shaped muscle, the diaphragm (D). Air enters and
leaves the lungs through a set of passageways that include the
windpipe, or trachea (E).

In the process of inhalation, the intercostal muscles receive a
series of nerve impulses, which cause them to contract. When
these muscles contract, the diaphragm contrads as well. An
arrow shows the diaphragm (D) contrading and moving down-
ward. These contractionsincrease the size of the thoracic cavity
(B). When the volume of the thoracic cavity increases, the elastic
lungs stretch out because they are attached to the walls of the
cavity by a membrane called the pleura. The lungs expand as the
thorax expands, and this lung expansion increases the volume of
space within them. Expansion lowers the air pressure (the air
molecules have more room to move into) and, since air flows
from a region of high pressure to a region of low pressure,
atmospheric air flows freely into the lungs. This flow is indicated
by the arrow showing inhaled air (F).

The inhalation of air is followed by exhalation. During exha-
lation, the intercostal muscles and diaphragm relax. The arrow
shows the diaphragm relaxing and returning to its original dome
shape. In the process of relaxation, the volume of the thoracic
cavity decreases, and this activity compresses the lungs so that
they return to their original size. The air within the lungs is com-

hani sm of Breathing
pressed, and the exhaled air (G) flows out into the atmosphere
as is shown by the arrow. The flow of air is a passive process; i
depends on movement of the thoracic compartment, intercosta
muscles, and diaphragm.

The lung consists of millions of microscopic, cup-shaped "
call6d alveoli. In the diagram, we point out a single alveolu’
that is grouped with several others. Alveoli have extremel)
membranes across which gases pass freely. The average ad,
of lungs contains about three million alveoli.

Blood reaches the alveoli by flowing through the pulm
artery (I), which leads from the heart. This major artery,
and subdivides until it forms microscopic arterioles (J). A-
oles approach the alveoli, they become capillaries (i{),
which red blood cells must pass single file. Blood in the ~.
ies carries dissolved carbon dioxide. During exhalation, tt
of carbon dioxide in the alveoli is low, so it diffuses out
blood and into the alveolus so that it can be expelled.

At the same time that carbon dioxide leaves the blood, ox)
flows into it from the alveoli, because the level of oxygen in
alveoli is high following an inhalation.

In the diagram, we show that the capillaries becoming venui.
(L). These venules lead blood away from the alveolus, uniting wi~ ~
one another as the diagram illustrates, and eventually formir..
the pulmonary vein (M). After it passes through the heart, th ’
blood is pumped to all parts of the body.

The driving force behind gas exchange is diffusion: the move:
ment of gas molecules from an area of high concentration to ar
area of low concentration. To summarize, after inhalation, the
oxygen content is high in the alveolus and low in the blood
Therefore, oxygen diffuses into the blood, and carbon dioxi&
diffuses in the opposite direction.
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~’~ The Mechanism of Breathing
Lungs .................. A

Thoracic Cavity ........B

Intercostal Muscles ....C

Diaphragm .............. D

Trachea ................ E

Inhaled Air ............ F

Exhaled Air ............ G

Alveolus .............. H

Pulmonary Artery ...... I

Arterioles ............. J

Capillaries ........

V e.n ul es ................ L

Pulmonary Vein ........ M


