
As you build your knowledge and confidence in A&P, practice responding to the more challenging 
questions—you are likely to encounter similar questions on a test or licensing exam. Your extra effort 
will pay off at exam time!

A greater variety and range of 
self-assessment questions have 
been added to the Check Your 
Understanding sections within 
each chapter and include Apply, 
Predict, What If?, Draw, and Make 
Connections. Dozens of new visual 
questions ask you to label structures 
or interpret visual information.
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Some Definitions: Voltage, Resistance, Current
Voltage, the measure of potential energy generated by separated 
electrical charges, is measured in either volts (V) or millivolts 
(1 mV = 0.001 V). Voltage is always measured between two 
points and is called the potential difference or simply the 
potential between the points. The greater the difference in 
charge between two points, the higher the voltage.

The flow of electrical charge from one point to another is a 
current, and it can be used to do work—for example, to power 
a flashlight. The amount of charge that moves between the two 
points depends on two factors: voltage and resistance. Resis
tance is the hindrance to charge flow provided by substances 
through which the current must pass. Substances with high 
electrical resistance are insulators, and those with low resis-
tance are conductors.

Ohm’s law gives the relationship between voltage, current, 
and resistance:

Current (I ) =
voltage (V )

resistance (R)

Ohm’s law tells us three things:
●● Current (I) is directly proportional to voltage: The greater the 

voltage (potential difference), the greater the current.
●● There is no net current flow between points that have the 

same potential.
●● Current is inversely related to resistance: The greater the 

resistance, the smaller the current.

In the body, electrical currents reflect the flow of ions across 
cellular membranes. (Unlike the electrons flowing along your 
house wiring, there are no free electrons “running around” in 
a living system.) Recall that there is a slight difference in the 
numbers of positive and negative ions on the two sides of cellu-
lar plasma membranes (a charge separation), so there is a poten-
tial across those membranes. The plasma membranes provide 
the resistance to current flow.

Role of Membrane Ion Channels
Recall that plasma membranes are peppered with a variety of 
membrane proteins that act as ion channels (  p. 100). Each 
of these channels is selective as to the type of ion (or ions) it 
allows to pass. For example, a potassium ion channel allows 
only potassium ions to pass.

Membrane channels are large proteins, often with several 
subunits. Some channels, leakage or nongated channels, are 
always open. Other channels are gated: Part of the protein 
forms a molecular “gate” that changes shape to open and close 
the channel in response to specific signals. There are three main 
types of gated channels:

●● Chemically gated channels, also known as ligandgated 
channels, open when the appropriate chemical (in this case a 
neurotransmitter) binds (Figure 11.7a).

●● Voltagegated channels open and close in response to 
changes in the membrane potential (Figure 11.7b).

11.4  The resting membrane 
potential depends on differences in ion 
concentration and permeability
Learning Outcomes

 ✔ Describe the relationship between current, voltage, and 
resistance.
 ✔ Identify different types of membrane ion channels.
 ✔ Define resting membrane potential and describe its 
electrochemical basis.

Like all cells, neurons have a resting membrane potential. 
However, unlike most other cells, neurons can rapidly change 
their membrane potential. This ability underlies the function of 
neurons throughout the nervous system. In order to understand 
how neurons work, let’s first explore some basic priciples of 
electricity and revisit the resting membrane potential.

Basic Principles of Electricity
The human body is electrically neutral—it has the same number 
of positive and negative charges. However, there are regions 
where one type of charge predominates, making those regions 
positively or negatively charged. Because opposite charges 
attract, energy must be used (work must be done) to separate 
them. On the other hand, the coming together of opposite 
charges liberates energy that can be used to do work. For this 
reason, any situation in which there are separated electrical 
charges of opposite sign has the potential to do work. We call 
this potential energy.

Check Your Understanding
5. How does a nucleus within the brain differ from a nucleus 

within a neuron?
6. How is a myelin sheath formed in the CNS, and what is its 

function?
7. What is the structural classification of the neuron shown 

below? What is its usual functional classification? Name 
the parts labeled a–d.

8.  APPLY  Which structural and functional type of neuron 
is involved in sensing the smell of your perfume? Which 
type is needed to transfer the impulses to the brain for 
integration?

a d

c
b

Central
process

9.  MAKE CONNECTIONS  Which part of the neuron is its fiber? 
How do nerve fibers differ from the fibers of connective 
tissue (see Chapter 4) and the fibers in muscle (see 
Chapter 9)?

For answers, see Answers Appendix.
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“Draw” questions ask you to create 
visuals that reinforce important concepts by 
drawing a structure, annotating a figure, or 
creating a summary table.

All of the End-of-Chapter Review 
questions are now organized into 3 levels 
of difficulty based on Bloom’s Taxonomy 
categories:
Level 1: Remember/Understand
Level 2: Apply/Analyze
Level 3: Evaluate/Synthesize
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●● The conducting zone consists of all of the respiratory pas-
sageways from the nose to the respiratory bronchioles. These 
provide fairly rigid conduits for air to reach the gas exchange 
sites. The conducting zone organs also cleanse, humidify, 
and warm incoming air. As a result, air reaching the lungs 
has fewer irritants (dust, bacteria, etc.) than when it entered 
the body, and it is warm and damp, like the air of the tropics.

The Larynx
Basic Anatomy
The larynx (lar9ingks), or voice box, extends for about  
5 cm from the level of the third to the sixth cervical vertebra. 
Superiorly it attaches to the hyoid bone and opens into the 
laryngopharynx. Inferiorly it is continuous with the trachea 
(Figure 22.5b).

The larynx has three functions:

●● Provide a patent (open) airway
●● Act as a switching mechanism to route air and food into the 

proper channels
●● Voice production [because it houses the vocal folds (vocal 

cords)]

The framework of the larynx is an intricate arrangement  
of nine cartilages connected by membranes and ligaments 
(Figure 22.6). Except for the epiglottis, all laryngeal carti-
lages are hyaline cartilages.

The large, shield-shaped thyroid cartilage is formed by the 
fusion of two cartilage plates at the midline. It resembles an 
upright open book, with the book’s “spine” lying in the ante-
rior midline of the neck. This “book spine” is the laryngeal 
prominence (lah-rin9je-al), which can be seen externally as the 
Adam’s apple (Figure 22.6a). The thyroid cartilage is typically 
larger in males than in females because male sex hormones 
stimulate its growth during puberty. Inferior to the thyroid car-
tilage is the ring-shaped cricoid cartilage (kri9koid), perched 
atop and anchored to the trachea inferiorly.

Three pairs of small cartilages—arytenoid (ar0ĭ-te9noid), 
cuneiform (ku-ne9ĭ-form), and corniculate cartilages—form 
part of the lateral and posterior walls of the larynx. The most 

directly posterior to the larynx, where the respiratory and diges-
tive pathways diverge, and extends to the inferior edge of the 
cricoid cartilage. The laryngopharynx is continuous with the 
esophagus posteriorly.

The esophagus conducts food and fluids to the stomach; air 
enters the larynx anteriorly. During swallowing, food has the 
“right of way,” and air passage temporarily stops.

STRUCTURE DESCRIPTION, GENERAL AND DISTINCTIVE FEATURES FUNCTION

Nose (external 
nose and nasal 
cavity)

Jutting external portion is supported by bone and cartilage. Internal 
nasal cavity is divided by midline nasal septum and lined with mucosa.

Roof of nasal cavity contains olfactory epithelium.

Produces mucus; filters, warms, and moistens 
incoming air; resonance chamber for speech

Receptors for sense of smell

Paranasal 
sinuses

Mucosa-lined, air-filled cavities in cranial bones surrounding nasal cavity 
(  p. 245).

Lighten skull; may also warm, moisten, and filter 
incoming air

Pharynx Passageway connecting nasal cavity to larynx and oral cavity to 
esophagus. Three subdivisions: nasopharynx, oropharynx, and 
laryngopharynx.

Houses tonsils (lymphoid tissue masses involved in protection against 
pathogens).

Passageway for air and food 
 

Facilitates exposure of immune system to inhaled 
antigens

Table 22.1 The Upper Respiratory System

Check Your Understanding
1. Air moving from the nose to the larynx passes by a number 

of structures. List (in order) as many of these structures as 
you can.

2. Name the two types of mucous membrane found in the 
nasal cavity.

3.  DRAW  Create a summary table to help you study the 
pharynx by comparing and contrasting its three parts. For 
each part, identify what it conducts (air, food, or both), the 
type of epithelium found there, and the associated tonsils.

For answers, see Answers Appendix.

22.2  The lower respiratory system 
consists of conducting and respiratory 
zone structures
Learning Outcomes

 ✔ Distinguish between conducting and respiratory zone 
structures.
 ✔ Describe the structure, function, and location of the 
larynx, trachea, and bronchi.
 ✔ Describe the makeup of the respiratory membrane, and 
relate structure to function.
 ✔ Identify the organs forming the respiratory 
passageway(s) in descending order until you reach the 
alveoli.

Anatomically, the lower respiratory system consists of the lar-
ynx, trachea, bronchi, and lungs. Functionally, the respiratory 
system as a whole consists of two zones:

●● The respiratory zone, the actual site of gas exchange, is 
composed of the respiratory bronchioles, alveolar ducts, and 
alveoli, all microscopic structures.
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a membrane attack complex (MAC)]. Specifically, in complement-mediated 
cell lysis, MAC complexes cause a target cell (usually a bacterium) to become 
leaky. This allows water to enter and cytoplasmic contents to exit the cell, kill-
ing the cell. In contrast, cytotoxic T cells and NK cells kill their targets (usually 
virus-infected cells) by releasing perforins and granzymes onto the identified 
target cell. Perforins form a pore in the target cell membrane, and granzymes 
enter through this pore, activating enzymes that trigger apoptosis (cell suicide). 
23. The cell being activated is a CD4 cell and so could become either a helper T 
cell or a regulatory T cell. 24. HIV is particularly hard for the immune system to 
defeat because (1) it destroys helper T cells, which are key players in adaptive 
immunity and (2) it has a high mutation rate and so it can avoid detection by the 
immune system by changing its surface antigens. 25. Binding of an allergen onto 
specific IgE antibodies attached to mast cells triggers the mast cells to release 
histamine.

Review Questions 1. d; 2. b; 3. d; 4. d; 5. a; 6. a; 7. c; 8. d; 9. d; 10. (1)b, g;  
(2)d, i; (3)a, e; (4)a, e, f, h; (5)e, h; (6)c, f, g; 11. d; 12. The antibody classes and 
their likely locations in the body are: IgM—attached to B cell plasma membrane 
as a monomer and in plasma as a pentamer; IgA—dimers found in secretions 
such as saliva, tears, intestinal juice, and milk; IgD—attached to B cell plasma 
membrane as a monomer; IgG—in plasma; IgE—attached to mast cells in skin, 
mucosae of the gastrointestinal and respiratory tracts, and tonsils.

Chapter 22
Check Your Understanding 1. The structures that air passes by are the nasal 
cavity (nares, nasal vestibule, nasal conchae), nasopharynx, oropharynx, and  
laryngopharynx. 2. The nasal cavity contains both respiratory mucosa and olfactory 
mucosa. 3. ❯ 4. The epiglottis 
seals the larynx when we 
swallow. 5. The incomplete, 
C-shaped cartilage rings of 
the trachea allow it to expand 
and contract and yet keep it 
from collapsing. 6. The many 
tiny alveoli together have a 
large surface area. This and the thinness of their respiratory membranes make 
them ideal for gas exchange. 7. The peanut was most likely in the right main 
bronchus because it is wider and more vertical than the left. 8. The two circula-
tions of the lungs are the pulmonary circulation, which delivers deoxygenated 
blood to the lungs for oxygenation and returns oxygenated blood to the heart, 
and the bronchial circulation, which provides systemic (oxygenated) blood to 
lung tissue. 9. Angiotensin converting enzyme is found in the plasma membrane 
of lung capillary endothelial cells. This is a good location for it because all of the 
blood in the body passes through the lung capillaries about once every minute. 
Angiotensin converting enzyme is part of the renin-angiotensin-aldosterone 
hormone cascade, which increases blood pressure. 10. The driving force for 
pulmonary ventilation is a pressure gradient created by changes in the thoracic 
volume. 11. The partial vacuum (negative pressure) inside the pleural cavity is 
caused by the opposing forces acting on the visceral and parietal pleurae. The 
visceral pleurae are pulled inward by the lungs’ natural tendency to recoil and 
the surface tension of the alveolar fluid. The parietal pleurae are pulled outward 
by the elasticity of the chest wall. If air enters the pleural cavity, the lung on 
that side will collapse. This condition is called pneumothorax. 12. A lack of 
surfactant increases surface tension in the alveoli and causes them to collapse 
between breaths. (In other words, it markedly decreases lung compliance.)  
13. ❯ Intrapulmonary pressure 
increases during expiration and 
decreases during inspiration. When 
intrapulmonary pressure is zero rela-
tive to atmospheric pressure, air flow 
is zero. This occurs at the three points 
labeled in the graph, which are between 
inspiration and expiration. After air 
flow stops, it changes direction.  

Chapter 21
Check Your Understanding 1. The innate defense system is always ready to 
respond immediately, whereas it takes considerable time to mount the adaptive 
defense system. The innate defenses consist of surface barriers and internal 
defenses, whereas the adaptive defenses consist of humoral and cellular immu-
nity, which rely on B and T lymphocytes. 2. Surface barriers (the skin and 
mucous membranes) constitute the first line of defense. 3. Opsonization is the 
process of making pathogens more susceptible to phagocytosis by decorating 
their surface with molecules that phagocytes can bind. Antibodies and comple-
ment proteins are examples of molecules that act as opsonins. 4. Our own cells 
are killed by NK cells when they have been infected by viruses or when they 
have become cancerous. 5. Redness, heat, swelling, and pain are the cardinal 
signs of inflammation. Redness and local heat are both caused by vasodilation of 
arterioles, which increases the flow of blood (warmed by the body core) to the 
affected area. The swelling (edema) is due to the release of histamine and other 
chemical mediators of inflammation, which increase capillary permeability. 
This increased permeability allows proteins to leak into the interstitial fluid (IF), 
increasing the IF osmotic pressure and drawing more fluid out of blood vessels 
and into the tissues, thereby causing swelling. The pain is due to two things:  
(1) the actions of certain chemical mediators (kinins and prostaglandins) on 
nerve endings, and (2) the swelling, which can compress free nerve endings.  
6. A mutation in the gene that codes for interferon would make Julian particu-
larly susceptible to viruses. 7. Four key characteristics of adaptive immunity 
are that it involves B and T lymphocytes, it is specific, it is systemic, and it has 
memory. 8. A complete antigen has both immunogenicity and reactivity, whereas 
a hapten has reactivity but not immunogenicity. 9. Self-antigens, particularly 
MHC proteins, mark a cell as self. 10. Development of immunocompetence of 
a B or T cell is signaled by the appearance on its surface of specific and unique 
receptors for an antigen. In the case of a B cell, this receptor is a membrane-
bound antibody. (In T cells, it is simply called the T cell receptor.) 11. Dendritic 
cells, macrophages, and B cells can all act as APCs. Dendritic cells are most 
important for T cell activation. 12. In clonal selection, the antigen does the 
selecting. What is being selected is a particular clone of B or T cells that has 
antigen receptors corresponding to that antigen. 13. The T cell that would sur-
vive is (c), one that recognizes MHC but not self-antigen. 14. The secondary 
response to an antigen is faster than the primary response because the immune 
system has already been “primed” and has memory cells that are specific for 
that particular antigen. 15. An IgM antibody is shown at right. (You can tell 
because it consists of five Y-shaped parts—that is, it is a pentamer.) IgG antibody 
is most abundant in blood. IgM is secreted first in a primary immune response. 
IgA is most abundant in secretions. 16. Antibodies can bring about destruction 
of pathogen via “PLAN”—phagocytosis, lysis (via complement), agglutination, 
or neutralization. 17. Vaccinations protect by providing the initial encounter to 
an antigen—the primary response to that antigen. As a result, when the patho-
gen for that illness is encountered again, 
the pathogen elicits the much faster, more 
powerful secondary response, which is gen-
erally effective enough to prevent clinical 
illness. 18. ❯ The stem region determines 
the class of antibody. 19. Plasma cells make 
large amounts of antibodies—proteins that 
are exported from the cell. Rough endoplas-
mic reticulum is the site where proteins that 
are exported are synthesized. Ribosomes, 
the Golgi apparatus, and secretory vesicles 
are also required for protein synthesis and export, and so would also be abundant 
in these cells. 20. Class II MHC proteins display exogenous antigens. Class 
II MHC proteins are recognized by CD4 T cells. APCs display class II MHC 
proteins. 21. Helper T cells are central to both humoral and cellular immunity 
because they are required for activation of both cytotoxic T cells and most B 
cells. 22. (a) Immune cells that secrete proteins that form a pore are cytotoxic T 
cells and NK cells. In this case, perforins are the proteins that form the pore. (b) 
Complement proteins are plasma proteins that can form a pore [which is called 
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See p. 858 and Answers Appendix

Apply Your Knowledge to a Range &  
Variety of Questions
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