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Summary of Changes

This revision brings the Joint Aerospace Physiology courseware in line with all JSUFT training tracks. The publication
number has been changed to include all Air Force and Navy JSUFT syllabuses requiring these lessons. JP0109 and
JPO110 have been included in this course for NP1 students only and have been moved to the aircraft-specitic life
support courses as applicable for all other syllabuses. Material has been added to the Altitude Threats Iesson to include
corrective procedures for hypoxia for the T-37, T-34, T-6, and T-43. The acceleration lesson has added information on
the Push-Pull Effect. Spelling and grammatical errors have been corrected throughout.



Lesson JP(0)101 — 0.5 Hours (IBT)

Course Introduction and the Atmosphere

Objectives

1. Identify the comp osition of the earth’s atmosphere.

o

Identity atmospheric pressure and describe how it is caused.

|93

ldentily the pressure of the U.S. Standard Atmosphere and where the greatest pressure change takes place.
4. Identify standard units used to measure atmospheric pressure.

5. Compute a temperature for a given altitude using the standard temperature lapse rate.

6. Define the physiological divisions of the atmosphere.

7. Define partial pressure and identity its notation.

8. Describe each of the gas laws.

9. Identify the physiological consequences of each gas law.

Assignment

Read JP(0)101 in the SG and answer the review questions.

Introduction

Today, as never before, you face the challenge of expanding technology and a rapidly changing world. The ever
increasing complexity of weapon systems and mission requirements place greater and more diverse stress on
crewmembers. The Aerospace Physiology (AP) course prepares you to successfully cope with these stresses, whether
they are the physical requirements of egress, physiological stresses of loss of aircraft pressurization, or performance
decrements caused by self-imposed stress. We have reached a point where the major limiting factor to weapon system
performance is the human limitations of the crewmember. These human limitations torm the basis of a field of study,
Human Factors, that is a part of this course.

Human factors is defined as the study of the physiological, physical, psychological, and pathological limitations and
capabilities of people as they interact with their environment. This definition is broad and includes everything
determining and influencing human behavior.

In modern aviation, human factors have historically accounted for the majority (60-80 percent) of aircraft accidents. As
a result, we continue to develop and improve programs to eliminate human factors errors. These programs emphasize
crewmeinber safety, awarcaess, effectiveness, and teamwork.

In the midst of all of today’s technological changes, there are two factors that have undergone little change — (1) the
atmosphere in which we conduct aerospace operations, and (2) the physiologic requirements unique to our human
nature. Each time you fly, you enter an environment where changes in ambient pressure (the immediate surrounding
atmospheric pressure), weather and temperature can pose significant hazards. Therefore, it’s imperative for you to
know the characteristics of the atmosphere. This knowledge will form a basis to understand the physiological limits to
tunctioning in this dynamic environment.

Complete each lesson’s assignment before reporting to class. Answers to the review exercises are located in Attachment
1 of this student guide. If you answer incorrectly, review the material until you understand it. Review the material to
ensure comprehension and retention.

Portions of this course are designated as High-Risk Training and are voluntary. A Training Time Out (TTO) may be
called in any training situntion whenever a student or instructor expresses concern for personal safety or a need for
clarification of procedures or requirements exists. TTO is also an appropriate means for a student to obtain relief if
he/she is experiencing pain, heat stress, or other physical discomfort. Calling “Time Out™ or “Training Time Out,”
crossing the hands in a “T,” or raising a clenched fist overhead constitutes request for a TTO.



Accordingly, students have the option to individually request termination of training. Any time the student makes a
statement such as I quit,” “"DOR™, or words to that effect, the student shall be immediately removed from the training
environment and referred to the appropriate division or training officer for administrative action.

Information

The Atmosphere
Objective 1 — Identify the composition of the earth's atmosphere.

For simplicity, the atmosphere is defined as the gaseous envelope surrounding the Earth. The atmosphere includes a
vast mixture of gases and trace quantities of liquids and solids.

Atmospheric Functions

The atmosphere provides some unique functions that help sustain our existence on Earth.
1. It contains oxygen, essential for animal life and carbon dioxide, essential for plant life.
2. Itis a shield that attenuates cosmic and ultraviolet radiation.

3. Precipitation occurs in the atmosphere, helping maintain the temperature and climate.
Atmospheric Composition

The composition of the atmosphere is remarkably constant up to about 300,000 feet. The gaseous envelope surrounding
the Earth contains nitrogen, oxygen and argon with traces of carbon dioxide and inert gases (such as helium and neon).
The approximate percentages of gases in the atmosphere are 78 percent nitrogen, 21 percent oxygen and 1 percent other
gases (including 0.03 percent carbon dioxide). These percentages remain relatively constant with increased altitude.

Atmospheric Characteristics
Objective 2 — Identify atmospheric pressure and describe how it is caused.

Objective 3 — Identify the pressure of the U.S. Standard Atmosphere and where the greatest pressure change takes
place.

Objective 4 — Identify standard units used to measure atmospheric pressure.

Objective 5 — Compute a temperature for a given altitude using the standard temperature lapse rate.

Pressure

Pressure is defined as force/area. Atmospheric or barometric
pressure is the combined weight of all the atmospheric gases
acting to create a Hrce upon the surface of the Earth. This
force is caused by gravity pulling gas molecules earthward and
thermal and solar radiation expanding the gases outward
toward space. The atmospheric density and resulting pressure ;
decrease exponentially as one ascends from the earth’s surface. 760
Pressure can be measured at any altitude. Figure 1-1 indicates mm Hg
different methods of measuring the weight (pressure) of a
column of the atmosphere. The weight of the atmosphere can
be measured in pounds per square inch (psi), millimeters of
mercury (mmHg), or inches of mercury (inHg). Atmospheric
pressure readings will vary daily, depending on changing
surface temperatures and high and low pressure areas.

Sea Level

Scale Barometer Barometer

Pressure altimeters sense atmospheric pressure and convert the
data into feet above mean sea level. To construct an instrument
of this nature, a standard pressure reading for each altitude had
to be developed. This standard which is referred to as U.S. Standard Atmosphere was computed by taking the average
pressure and temperature readings for a year at mid-latitude locations. At sea level, these readings were determined to
be +15 °C and 760 mmHg (29.92 inHg) pressure. Figure 1-2 shows the U.S. Standard Atmosphere pressures at various

Figure 1-1 — Atmospheric Pressure
Measurement



altitudes. The pressure at 18,000 feet is 379.4 or about one half of the pressure encountered at sea level. This illustrates
that the greatest pressure change occurs at lower atmospheric levels between sea level and 18,000 feet.

When considering physiological effects of ambient pressure, we are interested in pressure altitude. Pressure altitude is
your actual altitude above or below the srandard sea level pressure of 29.92 inHg. Because the atmosphere is always
changing, standard atmospheric pressures are seldom encountered. Pressure values at your location will be above or
below the standard values. This difference in pressure affects your altitude above or below mean sea level (MSL) and is
used to compute pressure altitude.

Note — At or above 18,000 feet in the United States, pressure altitudes are referred to as flight levels (FL). For
example, 25,000 feet is referred to as FL250.

Temperature

The earth’s surface temperatures vary day to day and season to season. Altitudes up to about 35,000 feet retlect a
constant decrease in temperature of about 2 °C (3.6 °F) per 1,000 feet. This constant decrease is referred to as the

standard tenperature lapse rate. [Hitis 30 7C on the runway at sea level, then the temperature would be about -10 °C at
. 20,000 feet. By using the standard temperature lapse rate
Altitude : . . . oy
Barometric Difference you can determine that there is a 40 degree Celsius change
. in temperature (-2 °C/1,000 feet).
(feet) Pressure per 1000 feet
_ _ Physiological Divisions of the Atmosphere
{mm Hg) {mm Ig)
= Objective 6 — Identify the physiological divisions of the
S0, 0010 87.3 4.2
atmosphere.
49,000 1.5 Physiological Zone
43.000 121.9 6.1)

The physiological zone extends from sea level to
42.000 127.9 approximately 10,000 feet and is the zone the human body
is adapted to. Life above this zone requires considerable

35,000 178.7 8:6 acclimatization. During ascent in the physiological zone,
14,000 187.3 atmospheric pressure drops from 760 mmHg to 523
mmHg. Even though the oxygen partial pressure (PO-)
15 .
25,000 281.8 12.6 falls, the body’s compensatory mechanisms keep oxygen
24.000 204.4 delivery within normal limits. Only at the upper boundary
of the physiological zone and in tissues with very high O,
18.000 379.4 15.9 requirements, e.g., the retina, are symptoms of O
17.000 3053 Qeﬁciency noted. When flying unpressurized above 10,000
_ feet MSL, the use of supplemental oxygen is required.
10.000 512.6 20.6 Also, trapped gas problems in body cavities can be a
9.000 5432 problem if not dealt with effectively.
SéaLevil 7610 Physiological Deficient Zone

This zone extends from approximately 10,000 feet to

approximately 50,000 feet. Because of reduced

Figure 1-2 — U. S. Standard Atmosphere atmospheric pressure, inadequate oxygen is available to

sustain normal physiologic functions. Also, decompression

sickness (caused by evolved gas) can occur in the body tissues and joints. This phenomena will be dealt with in later

chapters. Atmospheric pressure decreases from 523 mmHg at 10,000 feet to 87 mmHg at 50,000 feet. Pressure suits are
required above FL500.

Space Equivalent Zone

The space equivalent zone exists above 50,000 feet. The physiological problems of flight above 50,000 feet are
essentially the same as those for space. The need for protection in a sealed cabin or pressure suit, the problem of
ebullism (tissue water vaporization) above 63,000 feet, and other adverse intluences on the body make this area of the
atmosphere extremely hazardous for the human body (Figure 1-3).



Space Equivalent Zone

Physiological Zone
(50.000 feet and above)

(Sea Level to 10,000 feet) 87 mm Hg

523 mm Hy

Physiological Deficient Zone

(10,000 feet to 50,000 feet)

Figure 1-3 — Physiological Divisions of the Atmosphere

Gas Laws

Objective 7 — Define partial pressure and identify its notation.
Objective 8 — Describe each of the gas laws.
Objective 9 — Identify the physiological consequences of each gas law.

Most of the physiological results of ascent and descent within the earth’s atmosphere can be explained by several
elementary principles of gas behavior. These gas laws are the basis for much of the information in future lessons. To
understand the gas laws you should have an understanding of the term “partial pressure.”

Partial Pressure

Partial Pressure is defined as the amount of pressure that a single gas out of a mixture of gases contributes to the sum
or total pressure of that mixture. The denotation for the partial pressure of Nitrogen, Oxygen, and Carbon Dioxide is
PNa, PO,, PCO;, respectively.

Dalton’s Law

The total pressure of a mixture of gases is equal to the sum of the partial pressures of each gas in the mixture. The
pressure exerted by each gas in a mixture is independent of other gases in the mixture. For example, the total pressure
of the atmosphere at sea level is 760 mmHg this pressure equals PNy + PO» + PCO; and the partial pressure of other
trace gases.



Dalton’s Law explains how exposure to a high ambient altitude can reduce the available oxygen. As ambient altitude
increases, the partial pressure of oxygen (P0) decreases even though the percentage of oxygen remains the same. For
example, at sea level the PO» is 21 percent of 760 mmHg or 160 mmHg. Correspondingly, with a reduction of total
pressure, the partial pressure of each gas will decrease. At 18,000 feet, PO, is 21 percent of 380 mmHg or 80 mmHg.

Bovle’s Law

When the temperature remains constant, as in the human body, a volume of gas is inversely proportional to the pressure
surrounding it. This principle explains why a balloon expands as it ascends and also why a volume of air expands when
trapped in a body cavity when the pressure is reduced around it. Boyle’s Law explains for the effects of pressure
changes in the ears, sinuses, teeth and gastrointestinal tract.

Henry’s Law

The amount of gas in a solution varies directly with the partial pressure of that gas over the solution. Therefore, if
pressure is reduced above the solution, some gas will come out of solution. This principle explains why carbon dioxide
bubbles are released when a carbonated beverage container is opened or why nitrogen bubbles may come out of
solution in body tissues during ascent. The nitrogen bubbles can lead to altitude-induced decompression sickness.

The Law of Gaseous Diffusion

A gas will diffuse from an area of higher concentration or pressure to an area of lower concentration or pressure until
equilibrium is reached. The speed of this movement depends on the relative concentrations of the gases (strength of the
diftusion gradient). The physiological significance of this law relates to transfer of gases between the blood or other
body fluids and the tissues they contact. For example, the gas transfer that takes place in the lungs by oxygen moving
out of the lungs to the bloodstream and carbon dioxide moving from the bloodstream into the lungs.

Charles’ Law

When volume is constant, the pressure of a gas increases or decreases proportionally to an increase or decrease in its
temperature. Evidence of this law can be seen in the small decrease in pressure recorded from an oxygen cylinder taken
from ground level on a hot day to an unpressurized aircraft altitude of 10,000 feet. Consequently, the cooler
temperature at this altitude leads to a decrease in the pressure within the cylinder.

Summary

The overall goal of Aerospace Physiology is to train crewmembers to increase safety and mission effectiveness through
the identification and elimination of physical, physiological, and psychological limitations of the flying environment.
We began by examining the physical environment in which aircraft operate, the atmosphere, and how those gasses
behave according to various gas laws. As altitude increases the ambient pressure decreases but the relative makeup of
the gasses in the atmosphere remains the same. Human adaptation to these changes led to the definition of three
physiological zones within the atmosphere — the physiological zone, the physiological deficient zone, and the space
equivalent zone. Finally, in order to understand some of the physiological changes that occur with changes in altitude,
we must first understand their cause. Most of these physiological changes are caused by elementary principles of gas
behavior, the gas laws. Now that we have a better understanding of the aerospace environment, we can examine how
our body is affected by this environment as we travel through it.



Review Exercise JP(0)101

Complete the following review exercise by choosing the correct answer(s) or filling in the blanks. Answers are at
Attachment 1.

1. What is the approximate percentage of oXygen, nitrogen and other gases at 18,000 feet MSL?

a.
b.

C.

o

21 percent oxygen, 78 percent nitrogen and 1 percent other gases.
15 percent oxygen, 39 percent nitrogen and 0.015 other gases.

78 percent oxygen, 21 percent nitrogen and 3 percent other gases.

Which of the following is the best description of atmospheric pressure and its cause?

The combined weight of all the atmospheric gases which is caused by thermal and solar radiation.

The combined weight of all the atmospheric gases which is caused by gravity pulling the gas molecules
earthward and thermal and solar radiation expanding the gases outward toward space.

The weight of gas around the Earth which is caused by thermal and solar radiation.

3. What are the common units used to measure atmospheric pressure?

a.
b.
c.

d.

Inches of mercury (inHg)
Millimeters of mercury (mmHg)
Pounds per square inch (psi)

All the above are correct.

4. Which of the following represents the notation for the partial pressure of gases?

a.
b.

C.

PPO; partial pressure of oxygen, PPCO; partial pressure of carbon dioxide, PPN, partial pressure of nitrogen.

PO, partial pressure of oxygen, PCO; partial pressure of carbon dioxide, PN, partial pressure of nitrogen.

psi O, partial pressure of oxygen, psi CO, partial pressure of carbon dioxide, psi N, partial pressure of
nitrogen.

5. PO, increases and the percentage of oxygen decreases as the altitude increases.

a.

b.

True

False

6. What is the temperature lapse rate up to approximately 35,000 feet?

a.
b.

C.

About 2 °C per 1,000 feet
3.25 °C per 1,000 feet
About 1 °C per 2,000 feet



The human body is adapted to which physiological division of the atmosphere?
a. Space equivalent zone

b. Physiological deticient zone

¢. Physiological efficient zone

d. Physiological zone

Match each gas law with its explanation

a. ___ Boyle'slaw

b. ____ Henry’slaw

¢. ____Dalton’s law

d. ___ Charles” law

e. __ The law of gaseous diffusion

A. Explains why the temperature increases in a cylinder that is being pressurized.

B. Explains why a balloon expands as it ascends and also why a volume of air expands when trapped i a body
cavity when the pressure is reduced around it.

C. Explains how oxygen moves out of the lungs into the bloodstream.
D. Explains why a soda pop bubbles after it is opened.

E.  Explains how exposure to a high altitude can reduce the available oxygen



Lesson JP(0)102 — 0.5 Hours (IBT)

Respiration and Circulation

Objectives
1. Identify the structures and functions of the respiratory system.
2. Identify the primary control of normal respiration.

3. Identity the structures and tunctions of the circulatory system.

4. Identify factors affecting oxygen delivery to the tissues.

Assignment

Read JP(0)102 in the SG and answer the review questions.

Introduction

Respiration is the process our body uses to exchange gases with our environment. The primary purpose of respiration is
to provide oxygen to, and remove excess carbon dioxide from, the body. The respiratory process also helps maintain
the acid-base balance (pH) of the blood.

Respiration involves ventilation of the lungs, oxygen ditfusion from the lungs to the blood, circulation of the blood
throughout the body delivering oxygen to body cells, and the diffusion of oxygen from the blood into each individual
cell. Oxygen is then used in cellular respiration (metabolism). Metabolism is defined as the sum of all the physical and
chemical processes used by cells to produce energy and building materials needed to sustain life.

Respiration S)

Objective 1 — Identify the structures and tunctions of the respiratory system.

Information

Lunog
Objective 2 — Identify the primary control of normal respiration. '-7/ y | \i'
] e ¥

Phases of Respiration L ”é/:.'é'o . /

espiration encompasses three distinct phases — ventilation, transportation W ~——"\\
and utilization (Figure 2-1). Each phase has a specific function in the overall rf’|' |4
exchange of gases. Pulmonary | \ | _Pulmonary

. Artedjes ——- \ ) Veins

Ventilation — is the volume of gas exchanged between the lungs and the N Heart 'l
ambient environment per unit time. This process is regulated to provide {_/"/,;ﬁ\\“—[f (—V/ X
adequate delivery of oxygen and removal of carbon dioxide to satisty the [/ 1L 21\ “f\\
demands of metabolism. ‘ ': ! l 7 /
Transportation — links the transfer of gases from the lungs to their site of l:[‘n ‘A‘ES‘EQ’BT&TJQ ,'.'I

— 1/
fr/

production or use in the cells of the body. I\
,'f ;/ Systemic

Systemic \:‘

Utilization — is cellular metabolism. This phase involves the use of oxygen o “i'f‘;.x ;--_// TArtaries
in energy production and the production of carbon dioxide and water. UTILIZATIO I:\ il
T el =
Anatomy and Physiology of the Respiratory System ¢ I:Eg : (f
e (S

The more important structures of the respiratory system are shown in Figure D Yees

e %
The Oral-Nasal Cavities — (mouth, pharynx, etc.) are lined with a mucous
membrane. Hair like structures (cilia) in the nasal cavity mucous membrane
filter inspired air. The oral cavity plays a lesser role in filtering the air, but
regardless of the pathiway, air is humidified and heated to body temperature

Figure 2-1 — Phases of
Respiration



before entering the lungs. Humiditying and warming the air protects the lungs from being cooled or dried out. Inhaling
through the mouth, especially in cold, dry climates, does not allow air to be sufficiently warmed or humidified. Long
term exposure of the lowerlung to cool dry air can lead to infection.

Trachea — or windpipe divides into two branches, one each to the left and right lung. These branches (bronchi) form
part of the root structures of the lungs" air passages.

Lungs —occupy the greatest part of the chest or
thoracic cavity and connect to the bronchi. The
lungs’ prime function is to allow oxygen to move
from the air to the microscopic blood vessels

\——NASAL CAVITY

(capillaries) and carbon dioxide to move from the

\ L . —QRAL CAVITY capillaries into the lungs. The bronchi of each lung

PHAHYNK——T—~'*— . .
\ _—LARYNX subdivide becoming narrower, shorter and more
TRACHEA— ! numerous as they penetrate deeper into the lung. The
/ ~—BRONCH| bronchi branch until they become bronchioles. The

bronchioles continue to branch until they become the
alveolar ducts, leading to the alveoli.

LUNGS—~

Alveoli — are tiny air sacs in the lungs. Their walls
have an excellent blood supply provided by
capillaries. In the lung, gas exchange between the
respiratory and circulatory systems occurs at the
alveolar-capillary interface. Oxygen and carbon
dioxide move between air and blood by simple
diffusion, (Law of Gaseous Diffusion) from an area
of high to low partial pressure, much like water

DIAPHRAGM flows downhill.

Composition of Inspired Air — Excluding trace
amounts of other gases, air is composed of nitrogen
and oxygen. Although the partial pressure of oxygen
(PO;) at sea level is about 160 mm Hg, the PO, of
alveolar air is only about 100 mm Hg. This difference occurs because air becomes saturated with water vapor before
reaching the alveoli and because the alveolar air contains a significant concentration of CO, Both factors reduce the
PO: in the alveoli. Oxygen partial pressure is the driving force for the flow of O, from the lungs to the site of use. For
this reason, decreased oxygen availability becomes a critical factor during high altitude aircraft decompressions.

Figure 2-2 — Anatomy of Respiration

Oxygen regulators typically used in fighter and trainer- type aircraft are designed to increase the fraction of oxygen in
the inspired air as altitude increases. These oxygen regulators deliver 100 percent oxy gen by FL340:; breathing this
oXygen is equivalent to breathing ambient air at sea level. At F1.400, breathing 100 percent oxygen at ambient pressure
1s equivalent to breathing air at 10,000 feet. At altitudes greater than FL400, even while breathing 100 percent oxygen,
the alveolar PO. is insufficient to maintain normal body function. To achieve higher altitudes, additional methods of
increasing alveolar PO, must be used, i.e., 100 percent oxygen must be delivered at greater than ambient pressure.

The Dynamic Nature of the Lungs — In adults, the tidal volume (the amount of gas inspired or expired with each
normal breath) is about 500 milliliters. This air is normally exchanged an average of 12 to 16 times per minute.

The active phase of respiration is inspiration. It is accomplished by the contraction (downward movement) of the
diaphragm and external intercostal muscles. This contraction increases the dimensions of the chest cavity, resulting in
an overall increase in lung volume and a drop in lung pressure below ambient pressure. The decrease in pressure and
increase in volume permits the lungs to expand, filling the chest cavity.

During routine exhalation, as the diaphragm relaxes, the lungs return to their original position. Lung volume decreases
and internal lung pressure increases. Once again, a momentary pressure differential exists between the lungs and
ambient air. However, the greater pressure now exists within the lungs, and air moves from the lungs to the
environment.

Muscular effort is not required during exhalation. Therefore, exhalation is referred to as the passive phase of

respiration. Continuous positive pressure breathing tends to reverse the normal breathing pattern with inspiration
becoming passive and expiration becoming active.
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Integrated Responses

" Now that we have looked at the various units which make up the respiratory control system, it’s useful to consider the
overall response of the system to changes in the arterial PCQ,, PO; and pH.

Response to PCO, — The most important factor in the control of ventilation under normal conditions is the PCO; of
the arterial blood. The sensitivity of this control is remarkable. In the course of daily activity with periods of rest and
exercise, the arterial PCO, is probably held to within 3 mm Hg of 45 mm Hg.

A reduction in arterial PCO is very effective in reducing the stimulus for ventilation. For example, if you
hyperventilate voluntarily for a few seconds, you will find that you have no urge to breathe for a short period.

Response to PO, — Arterial PO, can normally be reduced from the normal 100 mm Hg to 50-60 mm Hg without
evoking a ventilatory response, showing that the role of this hypoxic (low oxygen) stimulus in the day by day control of
ventilation is small. However, on ascent to high altitude, a large increase in ventilation can occur in response to lack of
sufficient PO, (your tidal volume and respiratory rate both increase at higher altitudes).

Response to pH -— A reduction in arterial blood pH increases ventilation. It is difficult to separate the ventilatory
response caused by a fall in pH from that caused by an accompanying increase in PCQ,. However, it has been shown
that ventilation is stimulated whenever PCO is held constant and the pH allowed to fall. The chief site of this action is
probably the peripheral chemoreceptors.

Note — Breathing can also be controlled by involuntary means. Involuntary control occurs when certain emotjonal

stresses such as fear, anxiety, or apprehension cause an abnormal increase in your breathing. This mechanism may take
precedence over normal chemical control. Involuntary control can be overcome by consciously controlling your rate
and depth of breathing. In this way, you can combat the adverse effects of certain stresses on the process of ventilation.

Circulation (Transportation)

Objective 3 — Identify the structures and functions of the circulatory
system.

Objective 4 — Identify factors affecting oxygen delivery to the tissues.

The circulatory system (Figure 2-3) transports and distributes nutrients

VT eehenes

and oxygen to the tissues and removes waste products of metabolism. It s PUL q'a'_.-h;'iq
also shares in the regulation of body temperature, hormonal i e S——
communication throughout the body, and the adjustment of oxygen and lﬂ P ranary wwine— /

nutrient supplies during different physiological states. The
cardiovascular system that accomplishes these tasks is made up of a
pump (heart), a series of distributing and collecting tubes (arteries and
veins), and an extensive system of thin vessels that allow the rapid
exchange between the tissues and the vascular channels (the
capillaries). Before, however, discussing the function of the part of the
circulatory system, it is important to describe the system as a whole.

Anatomy and Physiology of the Circulatory System

The Heart — consists of four chambers, but functions as two pumps in \
series — one to propel Hood through the lungs, exchanging O and
COs (the pulmonary circulation) and one to drive blood to all other
tissues of the body (systemic circulation). Unidirectional flow through
the heart is achieved by an arrangement of flap-like valves. Although
the blood is pumped by the heart intermittently, continuous flow to the
tissues is achieved by expansion and recoil of the arteries. Blood flows
from the larger arterial vessels into progressively smaller arteries and Qrraen _ﬂr’*
finally into the arterioles. Since the size of the arterioles can be altered,
tissue blood flow and arterial blood pressure may be regulated. Even
smaller vessels, the capillaries, branch out from a single arteriole so
that the cross-sectional area of the capillary bed is very large. As a
result, blood flow becomes quite slow. Since the capillaries are
normally short, have walls which are only one cell thick, and a slow

Ozypgen poor
Slosd £29

Figure 2-3 — Circulation
(Transportation)
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tlow rate, conditions are ideal for diffusion of substances between blood and tissue.

On its return to the heart from the capillades, blood passes through a series of progressively larger veins. However, as
the heart is approached, the number of veins decreases, progressively reducing the cross-sectional area of the venous
channels, which consequently increases the velocity of blood flow. Blood entering the right ventricle via the right
atrium is then pumped through the pulmonary arterial system at a reduced pressure. The blood then passes through the
pulmonary capillaries in the lungs where CO is released and O, is taken up. Finally, the oxygen rich blood returns via
the pulmonary veins to the left atrium and ventricle to complete the cycle. Circulation and blood volume remain
relatively (i.e. a closed loop system) constant and an increase in the volume of blood in one area must be accompanied
by a decrease in another.

Blood — circulating through the cardiovascular system is a mixture of cells within a liquid called plasma. The cells of
the blood serve multiple tunctions essential for metabolism and defense of the body. However, in the brief discussion
which follows, only O, and CO, delivery within blood will be discussed.

In the normal human adult, plasma makes up approximately 55 percent of the blood. The cellular constituents of blood
include red blood cells, a variety of white blood cells, and platelets.

Red Blood Cells — The primary purpose of the red blood cell (RBC) is to transport O, and CO,. It accomplishes this
due to it’s unique shape. RBCs are small biconcave, circular disks. They function as a transport mechanism for gases in
particular oxygen and carbon dioxide. It is the hemoglobin in the RBCs that is responsible for this activity. Each RBC
contains up to 300 million hemoglobin molecules. This gives RBCs a substantial oxygen carrying capacity. Although
the hemoglobin can carry CO,, it usually does not. The main function of hemoglobin is to transport oxygen.

Factors affecting oxygen delivery to the tissues

Several aviation-related factors can effect the delivery of oxygen to the tissues. A lack of oxygen in body tissues that is
sufficient to cause an impairment of function is called /ivpoxia.

1. Altitude — An increase in altitude will reduce the PO, of inspired air causing ivpoxic hypoxia.

2. G-forces — Blood pooling in the lower extremities during increased-g maneuvering can cause stagnani hypoxia,
another factor that can reduce oxygen delivery to tissues.

3. Toxic gases — Various types of toxic gases can cause the blood to carry less oxygen (1vpemic hypoxia) or the
tissues to be unable to take up or use oxygen (histotoxic hypoxia).

The effect of these factors is cumulative on the body and can and have resulted in aircraft mishaps.

Summary

The respiratory and circulatory systems are the primary method through which we bring oxygen and other vital
nutrients to the different parts of the body and remove carbon dioxide and other waste products from the body.
Respiration as a whole involves three phases — ventilation, transportation, and utilization. Ventilation involves
inhalation and exhalation through the oralnasal cavity and trachea to the lungs. Gas is exchanged at the alveolar level
within the lung. Normal ventilation is controlled subconsciously and adapts to changes in PC0,, PO,, and pH.

The next phase of respiration, transportation, is accomplished by the circulatory system. The heart serves as the pump
moving the blood throughout the body and through the lungs for gas exchange. The blood is made up of plasma and
three types of blood cells. Of these blood cells, it is the red blood cells that contain the oxygen-carrying chemical
hemoglobin. In aviation altitude, G forces, and toxic gasses all have the potential to affect the ability of the respiratory
and circulatory systems to deliver adequate amounts of oxygen to the tissues. When this lack of oxygen is at a level
where it begins to impair function it is known as hypoxia. Hypoxia, as well as the other physiological threats associated
with altitude are discussed in the next lesson.
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Review Exercise JP(0)102

Complete the following review exercise by choosing the correct answer(s) or filling in the blanks. Answers are at
Attachment 1.

1. The purpose of respiration is to get into the body and remove excess

2. What is/are the site(s) of gas exchange in the lung between the atmosphere and the blood?

Trachea
b. Bronchi
c. Alveoli

d. All the above are correct.

3. What is the normal breathing rate of an average adult?
a. & 10 breaths per minute
b. 10-12 breaths per minute
¢. 12-16 breaths per minute

d. 20-22 breaths per minute

4. What is the most important factor in the control of ventilation under normal conditions?
a. PCO,
b. PO,

¢.  Redblood celis
d.  White blood cells

wn

What is the main tunction of red blood cells?
a. Fight infections

b. Carry oxygen

c. Transport nutrients

d. All the above are correct.



Lesson JP(0)103 — 2.0 Hours (IBT)

Altitude Threats

Objectives

1. Identify the signs and symptoms of hypoxia.

)

Explain the importance of immediately correcting for hypoxia after a rapid decompression.

3. Identify the procedures to treat hypoxia.

4. Identify the procedures to treat hyperventilation.

5. Identify why the treatment procedures for hypoxia and hyperventilation are the same.
6. Identify the symptoms of trapped gas disorders.

7. ldentify when trapped gas disorders are most likely to occur.

8. Explain how to treat and prevent trapped gas disorders.

9. Identity the symptoms of four common types of decompression sickness.

10. Identify the USAF/USN restrictions on SCUBA diving prior to flying.
11. Explain how to treat decompression sickness.
12. Identity the primary purpose for aircraft cabin pressurization.

13. Identify the physical indications of a rapid decompression.

Goal

Experience and treat hyperventilation under controlled classroom conditions.

Assignment

Read JP(0)103 in the SG and answer the review questions.

Introduction

Now that you have an understanding of the characteristics of the atmo sphere and the functions of the circulatory and
respiratory systems, we need to address how changes in atmospheric pressure effect the body. The following blocks of
instruction will cover hypoxia, hyperventilation, trapped gas problems and decompression skkness. Also a detailed
discussion of cabin pressarization systems will give you an uaderstanding of how we prevent most of these
physiological hazards of pressure change.

Information
Hypoxia
Obijective 1 — Identify the signs and symptoms of hypoxia.
Objective 2 — Explain the importance of immediately correcting for hypoxia after a rapid decompression.
Objective 3 — Identify the procedures to treat hypoxia.

Hypoxia is an oxygen (O) deficiency sufficient to cause impairment of function. It occurs most frequently when
protection against the fall in O, partial pressure at altitude fails.

The insidious onset is hypoxia’s most dangerous characteristic. Hypoxia symptoms do not normally cause discomfort.
In fact, many individuais perceive their symptoms as quite pleasant. During a slow decompression (Where the cabin
altitude gradually increases), hypoxia has a slow onset and the symptoms may be well developed before you recognize
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them. In some cases, you may not recognize the hypoxia and become impaired to the point of no longer being able to
recover on your own.

Different types of hypoxia can occur at any altitude and at any time. In the following paragraphs, each form of hypoxia
is defined and discussed in relation to its impact on oxygen delivery and utilization.

Types of Hypoxia

Hypoxic Hypoxia— results when there is a reduction of the PO, in the lungs. Hypoxic hypoxia is usually caused by
exposure to low barometric pressure and is trequently referred to as alfitude hypoxia. This reduced oxygen partial
pressure can result from oxygen equipment malfunctions, improper us¢ of oxygen equipment, and loss of cabin
pressurization at altitude. It can also be produced by lung diseases such as emphysema.

The altitude threshold for hypoxic hypoxia is generally considered 10,000 feet MSL.

Hypemic Hypoxia — occurs when the () carrying capacity of the blood is reduced. Hypemic hypoxia aftects O
delivery by reducing the functional hemoglobin available for transporting O». Certain drugs and chemicals can combine
with or alter the characteristics of hemoglobin and reduce its O, carrying capacity. For example, hemoglobin has an
affinity for carbon monoxide (CO) about 200-250 times greater than with O,.

The threat of inhaling carbon monoxide from smoke or fumes in the cockpit can be eliminated by using 100 percent
oxygen.

Smoking cigarettes prior to flight, increases the amount of CO in the bloodstream and raises your physiological
altitude. You then become more susceptible to hypoxic hypoxia because of the preexisting hypemic hypoxia.

Blood donation and bleeding injuries also deplete the RBC/hemoglobin supply and cause hypemic hypoxia. Therefore,
donating blood while on flying status is not recommended. If you choose to donate blood you will be grounded for a
period of time. (USAF: 72 hours; USN: up to 28 days)

Stagnant Hypoxia — occurs when reduction in cardiac output, pooling of the blood, or restriction of blood flow
reduces O delivery. Several conditions cause stagnant hypoxia. Two of these will be discussed in detail during
subsequent instruction — hyperventilation and acceleration (G forces).

Stagnant hypoxia can also be caused by shock (blood pooling in dilated blood vessels) or cold temperatures
(constricting the blood vessels of the extremities, causing pooling of blood in the body core). Even sitting very still for
long periods of time can result in stagnant hypoxia. An individual passing out while standing in formation is an
example of stagnant hypoxia.

Histotoxic Hypoxia— results when the O; delivered to the cells cannot be used for energy production. Adequate O, is
available to the lungs and the blood is capable of carrying it to the tissues. However, the tissues and cells are unable to
use the available O,.

The primary cause of histotoxic hypoxia in a crewmember is cyanide. Cyanide, in the form of hydrogen cyanide gas
(HCN), is a by-product of the combustion of plastics, insulation, seat covers, and other synthetic substances found on
aircraft. HCN is highly toxic and extremely small concentrations (300 parts per million) cause incapacitation within
seconds: death occurs within minutes. Therefore, you must not hesitate in donning oxygen equipment and breathing
100 percent oxygen.

Secondary causes of histotoxic hypoxia are alcohol and some medications. To reduce the possibility of mishaps, AFI
11-202, Volume 3, General Flight Rules, restricts alcohol consumption 12 hours prior to flight. OPNAVINST 3710.7
restricts alcohol consumption for 12 hours prior to flight planning. Both USAF and USN instructions restrict
medication unless prescribed by a flight surgeon.

Factors Influencing Hypoxia

Altitude — Because of the low PO, above 10,000 feet MSL, both the USAF and USN require supplemental oxygen for
flight above a cabin altitude of 10,000 feet.

Rate of Pressure Change — During an extremely rapid pressure change — such as a rapid decompression — the
normal time of useful consciousness can be reduced by as much as 50 percent. Rapid decompression may reduce
alveolar pressure below that of arterial blood, thereby reversing the direction of O diffusion so that the blood is
actually giving up O, through the lungs.



Duration of Exposure — There is a direct correlation between the effects of hypoxia and the duration of the exposure.
The eftects of an exposure become more detrimental as exposure time increases.

Individual Tolerance — There are variations in the tolerance of crewmembers to hypoxia. The reasons are not
completely understood but individual metabolic rate and acclimatization to altitude are important factors.

Physical Activity — The times of usetul consciousness at altitude are reduced with physical activity. Metabolic
0Xygen requirements are increased several times during exercise. The physical activity factor is most significant if you
are required to be active while performing crew duties. For example, tlying a contact mission and pulling Gs is more
strenuous than flying a high altitude navigation mission.

Self-Imposed Stress — Your life-style effects all facets of your flying environment, including tolerance to hypoxia.
Often, crewmembers impose unnecessary stresses upon themselves through tobacco use, poor sleep patterns, excessive
alcohol consumption, improper diet, etc. Self-imposed stress and its overall impact on the crewmember will be
discussed in detail in a subsequent lesson.

Recognition of Hypoxia

One of the reasons you attend aerospace physiology is to witness other crewmembers’ signs and experience your own
hypoxic hypoxia symptoms in the controlled environment of an altitude chamber. This experience enables you to
identity signs of hypoxia in fellow crewmembers and experience your own individual symptoms.

The warning signals most important to you are those you actually feel or sense. They are emphasized to help you
recognize hypoxia during flight.

Signs — of hypoxia can often be recognized by another individual. These include an increase in rate and or depth of
breathing, cyvanosis (blueness of the skin, because of insufficient oxygenation of the blood), mental confusion, poor
Judgment, loss of muscle coordination, and unconsciousness. Behavioral changes, such as euphoria (an exceptional
feeling of well-being) or belligerence, may be noticed by the hypoxic individual as well as other observers.

Symptoms — are the warning signals most important to the crewmember. These are the symptoms only vou can
actually sense and identify. Subjective symptoms are emphasized as a means to recognize hypoxia during flight.
Hypoxia symptoms are very individualized and can include dizziness, fatigue, hot and cold flashes, blurred vision,
tunnel vision, tingling and numbness. Euphoria and belligerence may also be experienced. Occasionally, unpleasant
symptoms such as headache, nausea. a feeling of apprehension and air hunger are experienced by crewmembers. The
altitude chamber hypoxia demonstrations allow you to experience your own personal symptoms so you may identify
hypoxia should it happen to you in the aircraft.

Time of Useful Consciousness (TUC)— is the period of time from
the interruption of the oxygen supply or exposure to an oxygen poor
environment, to the time when uscful function is lost. You arc no
FLL1RO 2010 30 minutes longer capable of taking proper corrective and protective action, but
are still conscious. 1 is not the time to total unconsciousness. At
higher altitudes, the TUC becomes very short. Figure 3-1 shows mean
F1.300 1.5 to 2 minutes TUC for resting individuals at vaiious altitudes. Exercise or stress will
reduce these times. Additionally, a rapid decompression can reduce
TUC by as much as 50 percent. For example, at FL350, the mean
F1.400 15 0 20 seconds TUC is approximately 30 to 60 seconds. After a rapid decompression,
the mean TUC would only be 15 to 30 seconds.

Altitude nc

FL250 3 to 5 minutes

FL350 (0.5 10 | minute

F1.43() 91012 seconds
Prevention of Hypoxia
FLS00O and above 910 12 seconds

You are responsible for your own oxygen equipment. You must
ensure your equipment is working correctly. Always preflight your
helmet and oxygen mask at the life support shop or paraloft to ensure
correct tunction. If problems are detected, they can be corrected prior
to reaching the aircraft.

Figure 3-1 — Times of Useful
Consciousness

Once in the aircraft, thoroughly preflight your oxygen regulators and systems prior to takeoff. After the aircraft is
airborne, additional checks are required to ensure the aircraft oxygen and pressurization systems are functioning
correctly. Reference your Dash I or NATOPS manual for specific procedures.
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Treatment of Hypoxia

Immediate corrective actions must be taken when hypoxia symptoms are recognized or when a decompression occurs.
100 percent oxygen must be administered through an oxygen mask. The type of mask and delivery system used
depends on the aircraft flown, your crew position and your immediate location in the aircraft during the emergency.
Specitic corrective actions are listed in each aircraft’s flight manual. The following procedures are generalized to
include corrective actions for all the aircraft used in joint undergraduate flying training.

1. Maximum Oxygen Under Pressure — is your first priority when correcting for hypoxia. When using narrow
panel pressure demand or diluter demand-type regulators, like those found in the T-34, T-6, T-37, T43 flight deck, and
the altitude chamber, this is accomplished by placing all three switches in the full-up position. This is known as
“gangloading™ the regulator. For speed, the procedure should be accomplished with a single sweep of the hand.
“Gangloading™ the regulator will place it in the On, 100 percent/Max oXygen, emergency pressure setting. In the
training compartment of the T-43 the flow 100 percent oxygen under pressure is started by pulling on the passenger
oXygen mask enough to remove the valve pin after the mask has dropped from its storage compartment.

Note — 1f you suspect a problem with your aircrati oXxygen supply or regulator, you may need to activate an alternate

oxygen system (such as an emergency oxygen cylinder located in a parachute or seat kit in a single/duak-seat aircraft
and the yellow walk around bottle or protective breathing equipment Jocated in multi-place aircraft).

2. Connections - Check Security — Equipment function, connections and oxygen system pressures must be quickly
evaluated when hypoxia symptoms are recognized or suspected. Equipment preflight and frequent inflight monitoring
will reduce the occurrence of hypoxia.

Note — Immediately after completing the first two steps of your emergency procedures, communicate with fellow
crewmembers.

3. Breathe at a Rate and Depth Slightly Less Than Normal Until Symptoms Disappear — Recovery from
hypoxia usually occurs in a few seconds following the administration of 100 percent oxygen. However, if the cause of
hypoxia is smoke and fumes or chemicals, the recovery period may be considerably longer. For this reason it is
imperative to continue breathing 100 percent oxygen. Your respiratory rate may increase because of anxiety from the
incident. If your respiratory rate is not controlled, hyperventilation may result. Respiration monitoring should be
accomplished simultaneously with the initial corrective steps. If your subjective symptoms have been caused by
hyperventilation rather than hypoxia, monitoring your rate and depth of breathing should eliminate them.

4. Descend Below 10,000 Feet and Land as Soon as Possible — If your symptoms persist after completing the
initial corrective steps, descend below 10,000 feet MSL. Descending will not counteract hyperventilation and you must
continue to monitor your rate and depth of breathing.

Monitor and control your rate and depth of breathing to prevent hyperventilation during recovery from hypoxia. Doing
so is particularly important during recovery from hypoxia for crewmembers using passenger masks. Do not overbreathe
the reservoir bag. Overbreathing causes the bag to collapse and ambient cabin air to be inhaled.

Pressure Breathing — delivers oxygen, under pressure, through the crewmember’s oxygen mask. It is a method of
maintaining adequate PO, in the lungs at cabin altitudes above 40,000 tt.

The aircraft oxygen system provides an increased fraction of oxygen as cabin altitude is ncreased above 1,000ft.
Breathing 100 percent oxygen at FL340 is equivalent to breathing ambient air at sea level. Above FL400 (cabin
altitude) , breathing 100 percent oxygen alone is not adequate to prevent hypoxia and positive pressure breathing is
needed.

Pressure breathing has limitations. It reverses the normal breathing cycles: inspiration becomes passive and expiration
now requires active effort. Over-inflation of the lungs from pressure breathing inhibits exhalation and reduces venous
return to the heart. This reduction in venous return may result in stagnant hypoxia and is the most limiting factor of
pressure breathing.

Note — Hyperventilation may occur during pressure breathing if you do not control your rate and depth of breathing.
Pausing between breathing phases will help prevent hyperventilation and can be learned with practice in the altitude
chamber. Familiarize yourself with the process to minimize or eliminate problems when treating for hypoxia symptoms
or following a loss of cabin pressurization.
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Interim Summary
Hypoxia means low oxygen. Remember, hypoxia can occur at any altitude and at any time.

To prevent hypoxia, preflight your oxygen systems and constantly monitor the aircraft oxygen and pressurization
systems. If cabin pressurization is lost, initiate steps for your oxygen system in your aircraft to deliver maximum
oXygen under pressure, don your oxygen mask, check connections (notify the crew), monitor your rate and depth of
breathing, and descend to an altitude not requiring supplemental oxygen.

Hyperventilation
Objective 4 — Identify the procedures to treat hyperventilation.
Objective 5 — Identify why the treatment procedures for hypoxia and hyperventilation are the same.
Goal — Experience and treat hyperventilation under controlled classroom conditions.

Hyperventilation is a condition in which the rate and or depth of breathing is abnormally increased. This increase
causes an excessive loss of carbon dioxide (CO,) from the blood. The excessive loss of CO, changes the acid-base
balance of the blood making it more alkaline.

It is very important for you to understand the causes and recognize the symptoms of hyperventilation to avoid the
associated problems. Hyperventilation can occur in a number of different ways, but the primary cause of
hyperventilation in crewmembers is emotional; e.g. fear, anxiety or stress.

Causes of Hyperventilation

Voluntary — The normal respiratory rate is 12 to 16 cycles per minute. Normally, we are not aware of respiratory rate
because breathing requires no conscious effort. However, we can voluntarily alter our breathing rate at will. Therefore,
hyperventilation can be voluntarily induced or corrected by consciously increasing or decreasing the rate and depth of
breathing. In a classroom demonstration, you will experience the symptoms of hyperventilation.

Inveluntary — Emotional stress can also override normal respiratory controls. Fear, apprehension, tension or stress
will sometimes cause an individual to subconsciously increase their rate and or depth of breathing. These stress factors
are the most frequent causes of hyperventilation. However, positive pressure breathing can also contribute to
hyperventilation.

Pay particular attention to possible increased rates and or depths of breathing during initial flying sorties or whenever
new flying techniques are encountered or stressful situations are experienced. Changes in breathing can occur very
insidiously.

While hyperventilation occurs more frequently with inexperienced crewmembers, it will remain a potential hazard
throughout your tlying career. Always be aware of the possibility of hyperventilation.

Recognition of Hyperventilation

Signs — most often observed in hyperventilation are increased rate and depth of breathing, muscle tightness and
twitching, paleness, cold clammy skin, muscle spasms, rigidity and unconsciousness.

Symptoms — most often noted are dizziness, faintness, slight nausea, numbness, tingling or coolness and muscle
tremors.

Prevention of Hyperventilation

The most effective way to prevent hyperventilation is to control vour rate and depth of breathing. Continually monitor
your rate and depth of breathing, especially during stressful situations.

Treatment of Hyperventilation

Since hyperventilation and hypoxia may be confused or occur at the same time, identical corrective procedures should
be followed. Immediate corrective actions are required. Your most urgent requirement is a voluntary reduction in vour
rate and depth of breathing. In fact, when you treat for hyperventilation, you are also treating for hypoxia. Be certain to
advise the other crewmember(s) of your hyperventilation symptoms.
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1. Maximum oxygen under pressure

Note — 100 percent/max oxygen does not compensate for decreased blood-carbon dioxide saturation caused by
hyperventilation but serves to ensure that hypoxia is not mistaken for hyperventilation.

2. Connections - Check Security — Equipment function, connections and oxygen system pressures must be quickly
evaluated when hyperventilation symptoms are recognized or suspected.

Note — Immediately after completing the first two steps of your anergency procedures, communicate with fellow
crewmembers.

3. Breathe at a Rate and Depth Slightly Less Than Nermal Until Symptoms Disappear — Respiratory
monitoring should be accomplished simultaneously with the initial two corrective steps. If the symptoms you have
recognized have been stimulated by hyperventilation, respiratory monitoring should eliminate them.

4. Descend Below 10,000 Feet MSL and Land as Soon as Possible — If your symptoms persist after completing
the initial corrective steps and monitoring your respiratory rate, descend below 10,000 feet MSL. Descending will not
counteract hyperventilation and you must continue to monitor your rate and depth ot breathing.

Neotes — (1) It may take longer to recover from hyperventilation than it does from hypoxia, assuming the correct
treatment is applied for both conditions.

(2) If you recover from your symptoms and the aircraft’s pressurization and oxygen equipment checks good, immediate
descent below 10,000 feet MSL may not be necessary. However, a physblogical incident has occurred. The mission
should be terminated and a flight surgeon consulted.

(3) In multiplace aircraft, speaking is often the best method of controlling hyperventilation.
Interim Summary

Hyperventilation is a condition where your rate and or depth of respiration is abnormally increased. It is caused
primarily by emotional stress (fear, stress, anxiety, etc.). Hyperventilation will result in an excessive loss of CO,.

As CO; is eliminated during hyperventilation, the acid-base balance of the blood and tissues becomes more alkaline
(basic). This change reduces your urge to breathe. The symptoms of hyperventilation are similar to hypoxia, including
nausea, tingling, muscle tremors and cold, clammy skin. Unconsciousness
may occur.

Since the symptoms of hyperventilation are very similar to hypoxia
symptoms, diagnosis of hyperventilation in the aircraft is difficult.
Therefore, the treatment for hyperventilation is the same as for hypoxia.

Trapped Gas Disorders
Objective 6 — Identify the symptoms of trapped gas disorders.

Objective 7— Identitfy when trapped gas disorders are most likely to
occur.

Objective 8 — Explain how to treat and prevent trapped gas disorders.

Boyle’s Law states the volume of a gas is inversely proportional to the
ambient pressure. Therefore, changes in ambient pressure during tlight
will result in changes in the volume of body gases.

The human body can withstand these changes, including expanding gas
pressure buildup, when the pressure can be relieved. However, difficulty
(usually in the form of pain) results when the expanding gas cannot
escape. The gas is then considered “trapped.” With further decrease of
ambient pressure (ascent), a greater increase in volume or pressure within
the cavity occurs. These increases sometimes result in pain. Figure 32
shows the areas most often affected by the change in pressure.

Figure 3-2 — Areas of Trapped Gas



19

EXTERNAL
EAR CANAL

(f EAR DRUM "
{ GMIDDLE EARNY
P

7

\\ EUSTACHIAN TUBE

OPENING 101!—!!4‘{}

Figure 3-3 — Anatomy of the Ear
Middle Ear

Anatomy — The middle ear cavity is connected to the throat by the eustachian tube (Figure 3-3). The eustachian tube
has a slit-like opening at the throat end, allowing middle ear air pressures to vent outwardly more easily than inwardly.
During ascent, excess pressure in the middle ear caused by gas expansion will escape through the unobstructed
eustachian tube with little or no effort. The released pressure is often accompanied by a physical “click” in the ears.
During descent, however, the opening of the eustachian tube acts as a one-way flapper valve and resists equalization of
ambient and middle ear air pressures. The increased ambient pressure forces the eardrum inward and you must assist
the equalization process.

The Valsalva Maneuver — Equalizing air pressure during descent may be accomplished by swallowing, yawning,
tensing the muscles in the throat, moving the head from side to side, extending the jaw forward or rocking the jaw from
side to side. However, the most effective way to equalize the pressure in the middle ear is the use of the Valsalva
maneuver; force air into the middle ear by closing the mouth, pinching the nose closed and forcefully exhaling. This
method forces air through the previously closed eustachian tube and equalizes the pressure differential between the
middle ear and the atmosphere. Practice in clearing the ears can improve and sustain the rate of descent without
discomfort. Some crewmembers find they must use the Valsalva maneuver frequently during descent without waiting
for a sensation of discomfort. Others use the Valsalva maneuver as soon as they recognize fullness, ringing of the ears,
decreased ability to hear or pain. With experience you will develop your own technique, but it is best to not wait until
you feel pain before you do the Valsalva.

Ear Block — Problems with the ears occur more often at altitudes closer to the earth’s surface where there are greater
pressure changes. If the pressure differential of the atmosphere over the middle ear exceeds 80 mmHg, it may be
impossible to open the eustachian tube with equalization pressure methods. This condition is known as an ear block. If
descent is continued, increasing pain and eardrum rupture will result. Prior to eardrum rupture, relief from pain can best
be obtained by ascending to an altitude where pressure equalization methods can be used: a slow descent is then
recommended. If an eardrum is ruptured, most pain will cease and healing normally occurs in 3 to 5 weeks. Usually
there is no hearing impairment. This condition should always be reported to your flight surgeon.

An ear block is characterized by congestion, inflammation, discomfort, pain, and is usually followed by a temporary
impairment of hearing. The eustachian tube opening is resiricted by inflammation or infection from a head cold,
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allergy, sore throat, infection of the middle ear, sinusitis or tonsillitis. Forceful opening of the tube under these
conditions may introduce infection into the middle ear and cause severe ear problems. In addition, infection can cause
difficulty in clearing the ears resulting in sudden pressure changes. These pressure changes in the middle ear can affect
the vestibular system of the inner ear, causing dizziness or disruption of equilibrium referred to pressure vertigo. If you
are suffering from upper respiratory infections or apparent allergic reactions, you should not fly or participate in an
altitude chamber flight. Consult a flight surgeon.

Delayed Ear Block (Post-Flight ear block) — can occur up to 2 to 6 hours atter landing. It results from breathing a
high percent oxygen for an extended period of time. As oxygen diffuses out of the middle ear into the surrounding
tissues, a relative low pressure area results. The low pressure area allows the now greater ambient pressure on the
exterior surface of the ear drum to deflect the ear drum inward, dulling the hearing and producing pain. Performing the
Valsalva maneuver several times after flight can prevent a delayed ear block.

Sinuses

Anatomy — Sinuses are cavities in the bone of the skull and are lined with moist mucous membranes (Figure 3-4).
Sinuses vent to the atmosphere through tiny slit-like openings into the nasal cavity. Under normal circumstances, the
pressure is equal to the outside barometric pressure. The sinuses most frequently affected by pressure changes are the
frontal sinuses, located above and behind each eye, and the maxillary sinuses, located in the bones of the cheeks
beneath the eyes.

Sinus Block — When pressure changes occur
during ascent or descent, the gases in the sinuses
increase or decrease in volume. Normally, sinuses
vent with no discomfort. However, if the sinus ducts
are swollen because of an upper respiratory
infection, there may be a blockage of the ducts. This
condition is called a sinus block. On ascent,
blockage at the opening of the duct may prevent the
expanding gas from venting to the outside, and
localized pain will occur. However, blockage occurs
more often on descent when the pressure difference
; across the duct is increased without relief. To
prevent pain during descent, pressure must be
equalized as rapidly as possible to relieve the
Figure 3-4 — Sinuses differential and discomfort. The degree of pain will
naturally depend on the pressure across the duct.
The onset of sinus pain due to barometric pressure change is rapid. The Valsalva maneuver will usually alleviate the
problem. If necessary, relief from pain can be obtained by ascending to an altitude where pressure equalization can be
accomplished.
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Blockage of the ducts.leading to the maxillary sinuses may be mistaken for upper tooth pain because of their proximity
to the upper teeth. All of the upper teeth will be affected a5 opposed to one isvlated tooth and may be treated like auy
other sinus block. If isolated tooth problems continue on ascent, discomfort can be resolved by descent and landing.
The flight surgeon and dental surgeon should be consulted after the flight.

Gastrointestinal (GI) Tract

Expansion of Trapped GI Gas — A problem that may be experienced with a decrease in atmospheric pressure is
discomfort from expansion of gases in the GI tract. This problem is not usually serious at low altitudes. However, at the
higher altitudes, enough expansion may occur to produce pain. Extreme discomfort may result unless the pressure is
relieved by belching and or passing flatus. Sometimes relief is only gained by descent.

Crewmembers participating regularly in unpressurized high altitude flights should learn to avoid foods they know
disagree with them. These foods may include onions, cabbage, raw apples, radishes, dried beans, cucumbers, melons
and carbonated beverages. Eating irregularly or hastily also makes a crewmember more susceptible to gas pains. To
reduce your chances of GI tract problems before flights, avoid hasty, irregular, and heavy meals, especially foods and
beverages you know produce excess gas.

Notes — (1) Swallowed air is the primary source of stomach gas and digested food is the primary source of intestinal
gas. At high altitudes, gas expansion in the G tract may elevate the diaphragm and interfere with respiration.
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(2) The relative change in volume produced by the same change in pressure is greater for a wet gas than for a dry gas.
Teeth

Tooth Pain can be experienced by crewmembers during ascent and is usually correctable. The altitude where tooth pain
occurs varies. However, pain in a specitic tooth can consistently occur at the same altitude at which it first occurred.
The pain may or may not become severe as altitude increases. Descent invariably brings relief, with the pain
disappearing at the same altitude where it was first observed. The incidence of tooth pain is low, but when it occurs, it
can be excruciating.

Untreated cavities, especially those under restorations and where the pulp has become exposed, may be the cause of
tooth pain at altitude. A less frequent cause of tooth pain on ascent is the presence of a root abscess that produces a
small amount of gas. This trapped gas may expand and cause severe pain that can only be relieved by descent. Good
dental hygiene is the most practical way to prevent tooth problems at altitude.

Decompression Sickness
Objective 9 — Identity the symptoms of the four common types of decompression sickness.
Objective 10 — Identify the USAF/USN restrictions on SCUBA diving prior to tlying.
Objective 11 — Explain how to treat decompression sickness.

One of the most potentially dangerous effects of exposure to high cabin altitudes is decompression sickness (DCS).
DCS is the disorder produced by the evolution of gas from tissues and fluids of the body (nitrogen bubble formation).

Henry’s Law states the amount of gas in a solution varies directly with the partial pressure of that gas over the solution.
When the atmospheric pressure is decreased, the pressure difference between gases dissolved in body fluids and the
ambient air may cause dissolved gases to come out of solution in the form of bubbles. This process can occur in the
blood, other body fluids, and or body tissues.

Types of DCS and Their Symptoms

The Bends — is the evolution of nitrogen bubbles into the joints of the body, causing pain. The pain is generally
localized in and around the bony joints of the body. The smaller joints, of the fingers for example, can be involved;
however, the larger joints like the shoulders, elbows, knees, and ankles are the usual sites. The pain is variable in nature
and may occur suddenly. It is usually a deep, dull and boring pain. Factors such as exercise, time at altitude, and
increased altitude influence the degree of pain. With time, the pain may spread and seem to involve the muscles.
Movement of the affected joint tends to increase the discomfort.

Descent below the altitude of occurrence will usually decrease or resolve the pain. Continued descent is required even
if the pain completely resolves on initial descent. Ascent to the same altitude will cause the pain to return in the same
location. Increasing the total barometric pressure on the body is the only effective means of eliminating bends. Any
painful condition at high altitude is potentially dangerous and should be avoided. Alleged courage displayed by
ignoring pain does not prevent the progress of the symptoms and can result in collapse. Once bends have developed,
breathing 100 percent oxyeen while at altitude will not normally resolve the pain. Descent is the only cure and is
mandatory for any DCS.

Neurological Manifestations — In rare incidents of high altitude exposure, the brain and or spinal cord may be
affected by nitrogen bubbles. The most common symptoms are disturbances in vision, varying from blind spots in the
visual field to flashing and or flickering lights. Other symptoms include severe persistent headache, partial paralysis,
loss of speech or hearing, vertigo, distinct sudden personality changes or loss of orientation. Numbness and tingling of
one arm, leg, or side of the body may occur. One explanation for these symptoms theorizes the bubbles of evolved
nitrogen circulate through the brain, reducing blood flow and causing localized, small regions of the brain to become
hypoxic. These symptoms are attributed to abnormal brain function in the areas of localized hypoxia.

Since these problems affect the brain or spinal cord, they are considered the most dangerous and are known as central
nervous system (CNS) manifestations. Circulatory shock, or failure of circulatory control, is a possible effect of
neurological involvement. Typical symptoms of circulatory shock or circulatory failure are pale clammy skin, feeble
rapid pulse, decreased breathing, and unconsciousness. Blood pressure may fall with severe blood pooling and resultant
stagnant hypoxia. Immediate descent is necessary after any evidence of CNS involvement.

Chokes — are rare but potentially very dangerous. The cause of chokes symptoms are not fully understood. One
hypathesis is that bubbles evolve in the smaller blood vessels in the lungs and in the tissue of the trachea (windpipce).
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The symptoms are deep sharp pain centrally located under the sternum (breast bone), a dry progressive cough, and
difficulty with inspiration. Increased expansion of the lungs causes the pain to increase and there is a sense of
suffocation and apprehension. Symptoms of shock may appear — sweating, pallor, faintness, and cyanosis may be
observed. Immediate descent is necessary and postflight shock is a possibility. The chokes symptoms may disappear
with the descent but there can be some residual soreness in the chest and the crewmember should receive immediate
posttlight medical attention.

Note — False chokes may be experienced by crewmembers who are exposed to prolonged breathing of dry, aviators
oxygen. False chokes are nonhazardous and represent a drying of the mucous membrane linings. Symptoms are a dry
nonproductive cough and minor tissue irritation. They are quickly resolved by breathing moist air or by drinking water.

Skin Manifestations — One type of DCS involves peculiar sensations of the skin. In some instances, a mottled,
reddish or purplish rash develops on the skin. The rash may be localized in a small area or may be ditfused over the
body. A slight swelling of the skin may be noted and a slight increase of temperature may exist. The rash may not
disappear with descent and may last for hours. Skin manifestations of DCS may indicate bubbles in and around the skin
or possibly bubbles affecting the peripheral nerves of the spinal column. Skin manifestations should be considered a
serious type of DCS because of the possibility of CNS involvement.

It is important for you to realize there is no predictable progression of symptoms. It is possible to have several of the
symptoms at the same time.

Delayed Reactions — Occasionally, the onset of DCS symptoms may appear after the flight. This condition is known
as a delayed DCS and may occur within 12 hours. As always, treatment must be initiated and the affected individual
referred to the flight surgeon.

Factors Affecting DCS Incidence and Severity

Decompression is not the only controlling factor in the evolution of nitrogen. There are other important factors which
help to explain the unpredictably of bubble formation and DCS.

Altitude — Increasing the altitude contributes to an increased incidence of DCS. Considerable debate surrounds the
minimum, or threshold altitude for DCS. Although no precise boundary exists, DCS almost never occurs below 18,000
feet MSL.

Rate of Ascent — A faster rate of ascent to altitude contributes to a greater incidence of DCS. For example, you are
more susceptible to DCS after a rapid decompression than you would be from a slow decompression to the same
altitude.

Note — Cabin pressurization systems protect against DCS by keeping the body below 25,000 feet cabin altitude.
However, mechanical failure of the system is a common cause of cabin decompression and possible nitrogen evolution.
In high altitude flights (above FL500), crewmembers are protected against DCS by prior denitrogenation and a pressure
suit. If loss of cabin pressurization occurs and symptoms of DCS are not present, a descent must still be made
immediately to a pressure altitude at or below 25,000 feet (unless a functioning pressure suit is worn).

Physical Activity — Exercise during altitude exposure increases DCS incidence. Factors that may contribute to this
effect include the sliding movement of one tissue against another, such as in joints and in the muscles, which causes a
shearing action to encourage bubble formation.

Persons exposed to high altitude should minimize exercise. Furthermore, if DCS does develop, any additional
movement of the limb (in the case of the bends) may worsen the condition.

The effect of exercise on bubble formation after return to ground level following an altitude exposure remains
unproven. Numerous anecdotal accounts, however, suggest that postflight exercise increases the probability of delayed
DCS. Also, postflight exercise-induced injury may be confused with or mask DCS pain.

Finally, if during physical activity, asymptomatic bubbles caught in the lungs pass through to the arteries as cardiac
output increases blood flow to the lungs, then very serious DCS symptoms may arise. For these reasons, persons
exposed to high altitude should not perform strenuous exercise for 12 hours after exposure.

Previous Injury— There are numerous accounts of bends occurring preferentially in areas that have been previously
injured. No objective data are available for analysis to support this theory. However, injury may cause blood diffusion
changes or deposition of scar tissue. It’s possible that these changes decrease nitrogen washout rates and predispose
bubble formation in these areas. In addition, flight often involves extended periods in cramped conditions. Pain not
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actually associated with bubble formation may mimic bends pain. Since diagnosis under these conditions is difficult,
such pain must be caretully considered.

Age — Before the age of about 40 years, no correlation between age and DCS incidence is clearly demonstrated. After
age 40, DCS incidence increases with increased age. Factors contributing to this etfect might be an increased
deposition of fat within connective tissues, and changes in capillary density and permeability.

Body Composition — There are some indications that increased body fat levels increase the risk for DCS.

Repeated Exposure — There is controversy concerning the effects of repeated exposure, i.c., two or more altitude
exposures in succession. It appears that exposures occurring in rapid succession within minutes or a few hours of a
previous exposure increase the incidence of DCS during the subsequent exposure. This increase is presumably because
some bubbles may remain from the previous exposure. Bubble growth is more likely under this condition. If the
exposures occur on successive days, there may be no increase in the incidence of DCS, but the time to first appearance
of symptoms is often decreased in the subsequent exposure.

Dehydration — There is substantial evidence that dehydration increases the likelihood of DCS.

Diving Prior to Flying — with a self-contained underwater breathing apparatus (SCUBA) vastly increases the
incidence of DCS. Furthermore, the procedure decreases the minimum altitude at which DCS manifestations begin.
This decrease allows the occurrence of DCS even during flight on aircraft equipped with excellent pressurization
systems such as commercial airlines, whose cabin altitudes are 5,000 to 8,000 feet. Even helicopter flight or driving to
altitudes only a few thousand feet above sea level have contributed to DCS after a SCUBA exposure.

USAF and USN regulations forbid flight within 24 hours of a compressed air exposure (SCUBA diving) for all normal
tlying operations.

Prevention of DCS
Adequate protection against DCS can be established by aircraft pressurization and or denitrogenation.

Aircraft Pressurization — Most military aircraft are pressurized and maintain a cabin altitude below 10,000 feet. In
addition, the operational ceiling of unpressurized aircraft is FL250. Aircratt pressurization and limiting exposure to
FL250 in unpressurized aircraft reduce exposure to the higher altitudes (where nitrogen bubbles are more likely to
form) and significantly reduce the incidence of DCS. But remember, DCS can occur at lower altitudes.

Denitrogenation  (preoxygenation) — is also very __1200f T =
effective in decreasing your susceptibility to DCS. This 8"’“[ e —
method involves breathing 100 percent oxygen to eliminate >~ 3“[ —
nitrogen from the body. When 100 percent oxygen is ‘_c:w 600 >
breathed through a tightly fitted oxygen mask, no ambient ‘@ 500
nitrogen enters the lungs. This procedure eliminates the -'E 400 /
lung nitrogen partial pressure; nitrogen rapidly diffuses = 300 y,
from the tissues to the blood then to the lungs and is o /
. .. . =
exhaled. The amount of nitrogen eliminated during 8 200
denitrogenation is dependent upon time. Assuming thatthe @
body contains 1200cc of dissolved nitrogen at sea level, g
Figure 35 shows the amount of nitrogen washed out by 100
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Minutes
Treatment of DCS

Anytime an occupant of an aircraft appears to be
experiencing the symptoms of DCS, 100 percent/max
oxygen should be administered and the affected area immobilized as much as possible.

Figure 3-5§ — Denitrogenation

1. A crewmember should administer 100 percent/max oxygen to that individual.

2. The pilot must descend as soon as practical and land at the nearest suitable installation where medical assistance
can be obiained.

3. Before the affected person may continue the flight, consult a flight surgeon or civilian acromedical examiner.
(DCS may occur up to 12 hours after mission completion.)
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Several considerations should be remembered. If symptoms of DCS are recognized, landing is mandatory and treatment
should be initiated. If all symptoms disappear prior to landing, or immediately thereafter, 100 percent oxygen therapy
should be continued as a precaution. A flight surgeon must be notified. If symptoms still persist after landing,
compression therapy will be administered at the nearest hyperbaric facility. Compression therapy results in reduction of
the nitrogen bubble size and resolves the DCS.

Aircraft Pressurization
Objective 12 — Identity the primary purpose for aircraft cabin pressurization.
Objective 13 — Identity the physical indications of a rapid decompression.

Pressurization is a mechanical means of maintaining greater than ambient pressure within an aircraft cabin.
Pressurization systems provide the most effective method of protection trom hostile high altitude environments by
minimizing the hazards of decompression sickness (DCS), hypoxia and fatigue.

Pressurization Schedules

Conventional cabin pressurization systems (Figure 3-6) use engine bleed air. Cabin pressure and ventilation can be
controlled by varying the amount of air forced into the cabin and adjusting the overflow.

Air Conditioning
Outlet Valve Unit

L == I ——
Overbourid
Venl

Conditioned Air Jet Engine

Bleed Air

Figure 3-6 — Typical Aircraft Pressurization System

Aircraft pressurization may be regulated by maintaining a constant cabin pressure (isobaric system) as aircraft altitude
increases. With this type system, the pressure difference between cabin pressure and ambient pressure increases with
altitude. An example is the C-9 aircraft which maintains a pressure schedule slightly greater than ambient to 8,000 feet
MSL and then maintains 8,000 feet MSL through its certified ceiling.

A more common type of pressurization system is the isobaric-differential system. With this system, the aircraft is
unpressurized until a preset cabin pressure is reached. Once reached, the isobaric function of the system maintains a
constant pressure within the cabin until a sclected pressure differential (cabin pressure versus ambicat pressure) is
attained. Thereafter, as the aircraft climbs, the system maintains the designated pressure differential between cabin
pressure and ambient pressure. With an isobaric-differential system, the cabin altitude varies with flight altitude,
although at a reduced rate (it is not linear).

Multi-Place Aircraft— The G141 cargo aircraft is equipped with an 8.6 psi isobaric-differential pressurization
system. The cabin altitude will remain at sea level or ground level pressure until the aircraft reaches F1.210. Above this
level, the system maintains a pressure differential of 8.6 psi to the service ceiling of the aircraft. If this aircraft is tlying
at an altitude of FL400, where the ambient pressure is 2.72 psi (and assuming normal pressurization system operation),
the cabin pressure will be 11.32 psi (8.6 psi plus 2.72 psi). On an atmospheric pressure table, 11.32 psi will indicate an
approximate cabin altitude ot 7,000 feet.

Fighter Aircraft — pressurization systems are set at a lower pressure differential, typically 5.0 psi. This sateguard is
provided because of the smaller cabin volume and the increased danger of decompression during combat operations.
Most of these aircraft do not employ pressurization until 8,000 feet MSL. Above this level, the cockpit remains at 8,000
feet pressure altitude until FL230. Thereafter, the system maintains a pressure differential of 5.0 psi. If this aircratt is
flying at an altitude of FL400 (and assuming normal pressurization system operation), the cabin pressure will be 7.72
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psi (5.0 psi plus 2.72 psi). On an atmospheric pressure table, 7.72 psi will indicate an approximate cabin altitude of
17,000 feet.

Advantages and Disadvantages of Pressurization Systems

Advantages — Aircraft pressurization provides the following advantages:

1. Reduced probability of DCS

2. Reduced possibility of hypoxia

Note — The primary purpose for aircraft pressurization is to reduce the possibility of DCS and hypoxia.

3. Reduced need for supplemental oXygen equipment below 10,000 feet cabin altitude. However, crewmembers are
required to wear oXygen equipment during certain situations. For example, all crewmembers must wear oxygen
equipment during emergencies involving loss of pressurization or emergencies involving the presence of fire, smoke or
tumes.

4. Reduced expansion of gastrointestinal trapped gas

5. Controls cabin temperature, humidity, and ventilation within a desired comfort range

6. Allows the crew and passengers to move freely within large cabins unencumbered by oxygen equipment

7. Minimizes fatigue and discomfort of crew and passengers during long flights (air evacuation, troop transport, etc.).

8. Protects the sinuses and middle ears from sudden pressure increases during descents by slowly scheduling the
cabin descent

Disadvantages — Aircraft pressurization has the following disadvantages:

1. Decompression. The primary. and most critical, disadvantage of aircraft pressurization is the potential for
decompression. If decompression should occur, the aircraft occupants are immediately exposed to the inherent hazards
of high altitude — hypoxia, DCS, trapped gas problems and hypothermia. Decompression will be discussed in greater
detail later in this lesson.

o

Increased aircraft weight because of the additional fuselage strength required

3. Requires additional design engineering, mechanical systems, and engine power
4. Decreased performance and payload
s

Increased maintenance requirements and costs

6. Requires control of cabin air contamination from smoke, fumes, carbon monoxide, carbon dioxide, water vapor
and odors

Types of Decompression

Decompressions can occur in two ways, slow or rapid. The effects of a decompression are primarily due to the rate of
pressure change and the pressure differential.

Slow Decompression — can occur when a leak develops from a failing pressure seal. If unaware of the decompression,
hypoxia may occur and you could be incapacitated (check cabin altitude periodically to detect a slow decompression).
Other physiological consequences that can result after decompression include DCS. A pressurization loss requires
descent to FL250. Remember, DCS can occur as low as FL180.

Rapid Decompression — (RD) is easily recognized and you must consider its physiological effects. Air expanding in
the lungs may cause physical injury and unrestrained crewmembers may be forced through an opening in the cabin.
Because time of usetul consciousness (TUC) is reduced after an RD, oxygen is the most immediate requirement.

Factors Affecting Decompressions

Several factors affect the speed at which cabin pressure will drop to ambient pressure. The larger the cabin volume, the
slower the decompression, assuming other factors remain the same. The larger the opening in the cabin, the faster the
decompression.

The initial difference between the cabin pressure and the ambient pressure determines the rate and severify of the
decompression. The larger the pressure differential the more severe the decompression.
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The pressure ratio, defined as the ratio between cabin pressure and ambient pressure, determines the time required for
decompression. The larger the ratio, the longer it takes for the two pressures to equalize.

The physiological consequences after a rapid decompression are influenced by the ambient altitude at which the
decompression occurs, particularly the effects and onset of acute hypoxia. The most severe effects are produced by a
decompression involving a large pressure change over a short period of time (moving from a relatively low cabin
altitude to an extremely high ambient altitude in the shortest amount of time). There is little effect if a large pressure
change occurs over a long period of time, or if a small pressure change occurs quickly.

Physical Indications of a Rapid Decompression

The altitude chamber RD profike is intended to train you to recognize some of the physical characteristics of an actual
rapid decompression. All physical characteristics of an RD cannot be duplicated in the chamber. However, RDs in the
chamber prepare you for recognition and action if an RD occurs in the aircraft.

Explosive Noise — When two ditferent air masses collide, they cause a noise ranging from a swoos/ to an explosive
sound.

Windblast/Flying Debris — The rapid evacuation of air during an RD is strong enough to blow unsecured items out
of the aircraft. These include maps, charts, flight logs and magazines. Dust and dirt will also kick up and interfere with
vision for a short period of time. Even unrestrained passengers and crewmembers have been forced trom aircraft by this
tremendous movement of air. Therefore, you should always have your lap belts fastened during pressurized flight.

Fogging — During an RD, cockpit temperature and pressure are reduced. As a result, there is a reduction in water
saturation capacity and the water vapor not held in suspension appears in the compartment as fog. The dissipation of
the fog is fairly rapid in fighter aircratt, but considerably slower in multi-place aircraft. The dissipation rate is affected
by the volume of the aircraft cabin.

Temperature — Cabin temperature during tlight is generally maintained at a comfortable level: however, the ambient
temperature reduces with altitude. If a decompression occurs, cabin temperature drops rapidly, possibly as low as
-55°C. Chilling and frostbite may occur if protective clothing is not worn.

Pressure — A rapid drop in pressure occurs during an RD. The earlier you recognize the physical characteristics of a
decompression, the sooner you can combat the physiological hazards.



Review Exercise JP(0)103

Complete the following review exercise by choosing the correct answer(s) or filling in the blanks. Answers are at
Attachment 1.

1. During ascent (as ambient pressure decreases), gases trapped within body cavities will

)

The four areas of the body influenced by the mechanical eftects of trapped gases are:

9]

What is the best method of preventing problems with the ears and sinuses inflight?
a. Breathe 100 percent oxygen under positive pressure.
b. Do not fly with a cold.

¢. Perform the Valsalva maneuver frequently on descent.

4.  Enter the type of DCS (1-4) beside the following symptoms:

a. ____ Deep, dull boring pain in a joint

b. __ Deep, sharp pain centraily located under the sternum
¢. ____ Difficulty with inspiration

d. _____Visual disturbance

e. __ _ Mottled and diffuse rash

f.  ____ Pain may involve the muscles

g. ____Itching sensation

h. ___ Partial paralysis, loss of speech or hearing

i _____ Severe, persistent headache

j-  ___ Vertigo, loss of orientation.

k. __ Tingling of one arm, leg or side of the body

L ___ Usually occurs in shoulders, knees, elbows and ankles
1. Bends

2. Chokes

3. Skin manifestations

4. Central nervous system (neurological manifestations)

S. DCS is caused by coming out of solution in the tissues and blood.
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10.

List, in order, the corrective actions for any suspected or observed DCS.

a. oxygen.

b. the affected area.

c. as soon as practical.

d. Obtain (flight surgeon).

e. therapy (if required).

Adequate protection against DCS can be established by and
or

The USAF and USN forbid flight within hours of a compressed air exposure for all normal

flying operations.

is a state of oxygen deficiency in the blood, cells or tissues sufficient to cause an impairment

of function.

is usually caused by exposure to low barometric pressure.

Enter the type of hypoxia (1-4) resulting from the following causes:

a. Loss of cabin pressurization

b. __ Cold temperatures

c. _____ Shock

d. _____ Alcohol

e __ Drugs

f.  ___ Carbon monoxide

g. Cyanide

h. ___ Hyperventilation

I.  ___ Oxygen equipment malfunctions
3o Improper use of oxygen equipment
k. _  *G"forces

1. Blood donation

1.  Hypoxic hypoxia

2. Stagnant hypoxia
3. Hypemic hypoxia
4. Histotoxic hypoxia

The most dangerous characteristic of hypoxia is its
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15.

16.

17.

18.

19.
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Place a check mark beside the signs/symptoms normally associated with hypoxia.

a. _____ Bluing (cyanosis)

b. ___ Impaired vision

¢. ____ Muscle ache

d. _____ Hotorcold flashes

e. __ Dizziness

f. _____ Light headedness

g. _ Lossofmuscle coordination
h. _____ Apprehension

. __ Feeling of well being

). ____ Pain on inhalation

k. __ Tingling

. _ Pain

m. Impaired judgment/confusion

The time of onset of hypoxia and the severity of symptoms are identical with all crewmembers from one day to
the next.

a. True

b. False

of. is the period of time from the interruption of the
oxygen supply or exposure to an oxygen poor environment, to the time when useful function is lost.

Which of the following factors decrease TUC?

a. Increased physical activity
b. Stress
c. Sufficient oxygen supplies

d  Hypoxis (histotoxic, hypemic, stagnant)
€. Rapid decompression
f.  Anxiety

g. Increased altitude

A can reduce your TUC by as much as percent.

Hyperventilation is a condition in which the and or of breathing is
abnormally increased.

Hyperventilation causes an excessive loss of from the lungs and blood.
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List five signs and tive symptoms of hyperventilation.
Signs
a.

b.

o

&

€
S

<

mptoms

=

The most frequent cause of hyperventilation in flying training is stress.
a. True

b. False

Hyperventilation can be voluntarily induced or corrected by consciously increasing or decreasing your rate and
depth of breathing.

a. True

b. False

Complete the crewmember's emergency procedures for the treatment of hyperventilation and or hypoxia.
a. __oxygen under

b. Connections —

¢. Breatheata and depth slightly less than normal until symptoms

d. Descend below feet MSL and land as soon as

The main reasons tor aircratt pressurization are to
a. reduce/prevent and control trapped gas expansion.
b. eliminate pressure breathing and 100 percent oxygen.

¢. reduce/prevent decompression sickness and hypoxia.
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26.

List additional advantages of aircraft pressurization.
a.
b.
c.

d.

The primary, and most critical, disadvantage of aircraft pressurization is the potential for a

31
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Lesson JP(0)104 — 2.0 Hours (IBT)
Vision

Objectives

1. Identify the characteristics ot and limitations to the methods of vision.

to

Identify the correct scanning technique used to avoid midair collisions.

Identify the factors affecting daytime visual illusions.

How

Determine the visual problems encountered in low-light level and night flying environments.

¥

Identify the correct technique to keep an object in sight at night or under low-light conditions.
6. Given factors causing visual illusions, identify methods to prevent the illusions.

7. Select measures you can take to ensure maximum visual acuity in both day and night flying conditions.

Goals

1. During an unaided night vision demonstration, experience dark adaptation and determine its influence on night
vision.

2. During an unaided night vision demonstration, experience autokinesis and demonstrate the method used to prevent
this illusion.

3. During an unaided night vision demonstration, experience flashblindness and its debilitating effects on dark
adaptation.

Assignment

Read JP(0)104 in the SG and answer the review questions.

Introduction

Sight is your most valuable sensory system in the flying environment. Depth perception, visual acuity, night vision and
color vision are used to gather data from inside and outside the aircraft. However, possessing these attributes does not
mean the eyes will be used effectively. A crewmember with average visual capabilities, using a proper scanning
technique has an advantage over the crewmember with superior vision who doesn’t know how to “see.™

There are also distinct physiological and perceptual limitations on the sense of vision in this environment. The human
body is desiened to move at roughly four miles per hour. Therefore, your sense of vision is designed to acquire,
process, and react to information at that speed. However, aircraft can travel faster than the speed of sound, so you’re at
a disadvantage because of your limited visual and perceptual processes.

As part of this lesson, you will receive a demonstration using a night vision trainer.

Information

Anatomy and Function of the Eye

Figure 4-1 depicts a cross section of the eyes viewed from above, with the major structures labeled. The cornea and
lens refract (bend) light and focus it on the retina in a manner similar to the lens of a camera. Photoreceptors in the
retina are stimulated and messages are sent to the brain, via the optic nerve, where the process of perception takes
place.

The Retina

The retina is the innermost layer of tissue of the eye, containing millions of photoreceptors (rods and cones) allowing
you to “see” an image. The rods and cones are distributed over the entire retina, except where the optic nerve and blood
vessels exil the eyeball. This sight i8 the optic disk or blind spot.



49

VISUAL

AUDITORY

AGREEMENT =
CRIENTATION

DISAGREEMENT =

SOMATOSENSORY DISORIENTATION

Figure 5-1 — Sensory Systems

systems and their connections to the brain. The following describes the different systems, their function and their
limitations inflight.

The Visual System

The eyes provide the strongest and, usually, the most reliable orientation information during flight. Recall from the
Vision lesson, peripheral vision is the primary means the visual system uses to collect orientation cues. The orientation
cues provided by the eyes are strong enough to overpower all other orientation system inputs. Orientation cues from the
peripheral visual field are primarily processed subconsciously, at much faster speeds than information from your focal
vision. As a result, a “straight line” within the visual field is perceived by your peripheral vision as a horizon,
regardless of the “straight line’s™ orientation to the surtace of the Earth.

Most of the time, the information the eyes receive is correct. For instance, if you become disoriented flying in clouds
(because of confusing vestibular input), and then fly out of the clouds and acquire an accurate horizon, the
disorientation disappears almost instantly. However, when the horizon acquired is not correct, your vestibular
disorientation disappears, but yon may still experience visual illusions caused by the false horizon.

Visual illusions involving peripheral vision are difficult to avoid. Since information acquired by the peripheral visual
fields is processed subconsciously, you must use your focal vision (requiring conscious attention) to override the
peripheral input. Use your focal vision by concentrating on the flight instruments to ensure the aircraft flies correctly.
Unfortunately, it’s difficult to override the peripheral visual inputs and it takes practice, discipline and concentration to
accomplish. If tlight instruments are not used when visual horizon inputs are lost due to flying in clouds, at night or in
haze, the brain reverts to the vestibular system for orientation information.

The Vestibular System

The vestibular system is located in the inner ear and consists of two subsystems — the semicircular canals and the
otolith organs. Designed to work on the ground, they are responsible for two different categories of illusions inflight
depending on which subsystem is stimulated. If the semicircular canals are stimulated, the illusions are categorized as
somatogyral illusions. If the otolith organs are stimulated, the illusions are somatogravic illusions. Figure 5-2 illustrates
the vestibular system.

The Semicircular Canals — are located in each inner ear. There are three canals in each ear, oriented at right angles to
one another in the pitch (vertical), roll (lateral), and yaw (horizontal) axes. They measure angular acceleration caused
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when the head is turned or tilted. For the semicircular canals
SEMICIRCULAR to sense angular acceleration, the acceleration must reach a
VESTIBULAH threshold in the range of 0.14°sec? to .5%sec? actual

APPARATUS movement.
(LOCATION OF
THE OTOLITHS] Each semicircular canal contains a fluid called endolymph,

-~ which is stimulated into motion when the head accelerates

in the axis of the canal. When the head is accelerated, the
fluid in the canal lags behind because of inertia. As a result,
the apparent motion of the fluid is in the opposite direction
of the acceleration. This motion causes a concentration of
specialized nerve cells called the cupula to bend in the
direction of the fluid motion. The bending of the cupula
sends a signal to the brain which interprets the signal as
changes in position or attitude. Use Figure 5-3, A and B for
the following example. If a person rotates their head to the
right, the acceleration causes the displacement of the fluid to
the left and the cupula bends to the right. The brain
Figure 5-2 — Vestibular System Anatomy interprets the bending of the cupula to the right as angular
motion to the right.

COCHLEA

On the ground, the semicircular canals are an excellent complement to vision as an orientation system. However,
inflight and without adequate visual cues, the semicircular canals have a strong and unreliable orientation input to the
brain. Additionally, input from the semicircular canals can be strong enough to cause muscles to react and attempt to
keep a crewmember upright.

There are maneuvers that stimulate the semicircular canals for extended periods of time. If the angular acceleration
continues at a constant rate for a period of 10 to 20 seconds, the motion of the fluid in the canals equalizes with the
motion of the canals. When equalization occurs, the apparent motion of the fluid is zero, the cupula are not deflected,
and the brain receives a false impression that rotation has stopped (Figure 53, C). Therefore, in the absence of visual
cues, you do not perceive you are in a bank, descent, or climb. It the motion stops or decelerates, the inertia of the
endolymph causes it to continue in the original direction of acceleration. This stopping or deceleration results in the
cupula being deflected in the opposite direction of the original acceleration (Figure 5-3, D). As a result, you experience
the sensation of moving in the opposite direction of your original maneuver.

DECELERATION
CONSTANT RATE OR STOPPING
AT REST ACCELERATION MOTION OF MOTION

—> ==
— -
ENDOLYMPH ENDOLYMPH ENDOLYMPH
A B D
CUPULA NOT CUPULA DEFLECTED CUPULA NOT CUPULA DEFLECTED
DEFLECTED RIGHT DEFLECTED LEFT

Figure 5-3 — Semicircular Canal and Angular Acceleration

An example of the effect of angular acceleration on the semicircular canals inflight occurs when you enter a holding
pattern while in the weather. In this case, the absence of a visual horizon results in the semicircular canal input being
used for orientation. As you enter the holding turn, you roll the aircraft to 30 degrees of right bank (stimulating the roll
canal) and begin a 180-degree turn, taking two minutes. Within 10 to 20 seconds of the initiation of the turn, the
endolymph equalizes and there is no physical sensation of being in a bank. When you roll out of the turn, the fluid in
the canal continues to move and displaces the cupula in the opposite direction. You sense the aircraft in an opposite left
bank of the same magnitude as your initial bank when in reality you are in straight-and-level flight. If you are not using
your hghtimstruments, Yo way react 1o the sensation of being in an opposite bank by rolling into a right bank 10 make



51

your head “feel right.” All three semicircular canals work on the principle depicted in Figure 53 (response to angular
acceleration) and more than one canal can be stimulated at a time.

The Otolith Organs — are located near the base of the semicircular canals in the vestibular apparatus and sense linear
acceleration (refer to Figure 5-2). They consist of a base of nerve cells with hair like appendages that are embedded in a
gelatinous substance containing calcium carbonate crystals. As you tilt your head forward, the crystals slide forward
and the nerves signal the brain that the head is tilted forward. Conversely, if you tilt your head back, the crystals slide
backwards and the nerves signal the brain that a backward tilt is occurring. Inflight, forward or backward linear
accelerations cause the crystals to slide backwards or forwards respectively in response to the inertial force. For
instance, if you accelerate forward, the crystals slide to the rear and, in the absence of a visual horizon, you sense the
aircraft is pitching up. Conversely, a rapid deceleration causes you to sense the aircraft is pitching down. In either case,
you may react by pulling back on the stick or yoke or pushing forward to compensate for the perceived change in pitch
attitude. Figure 5-4 shows the function of the otolith organs in normal situations and in response to linear accelerations.

UPRIGHT POSITION TILT BACKWARD | TILT FORWARD

P —— —

(< A / -
OTOLITH -
ORGAN

(7 |
GRAVITY GRAVITY GRAVITY
FORWARD BACKWARD
ACCELERATION ACCELERATION

|
Linear Inertial |Inertial Linear
Acceleration Force Force Accelaration

Figure 84 — Otolith Orguns and Linecar Acceleration
The Somatosensory System

The somatosensory system consists of tactile pressure receptors in the skin, muscles, tendons and joints. The pressure
receptors are used to help maintain posture and balance. The somatosensory system is often called the “seat-of-the-
pants™ sense. Unfortunately, inflight, the somatosensory system is useless as an orientation system in the absence of
correct visual cues. Because most flight maneuvers are made in the positive-G environment, there are no variations in
pressure cues. Therefore, the somatosensory system does not receive adequate input to tell the somatosensory receptors
if the aircraft is in a bank, nose up, nose down or inverted attitude. Figure 5-5 shows inflight forces acting on the
somatosensory system.

The Auditory System

The auditory system can help maintain situational awareness and spatial orientation through feedback. This feedback is
related to aircraft speed and its relationship to the noise produced by the aerodynamic forces acting upon the aircraft.
For example, in IMC, increasing airstream noise may indicate an undesired nose down attitude. This auditory
information should cause you to check your instruments and take corrective action, if required.
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Vestibular Induced Spatial Disorientation

Objective 5 —Select the correct physiological
explanations for specific vestibular illusions.

Objective 6 — Given an inflight spatial disorientation
scenario, identify the probable illusion experienced by the
crewmember(s).

The visual, vestibular and somatosensory systems work
together to tell you where you are in relation to your
environment. You can look at these three systems as a
tripod, remaining stable as long as all three systems are
working correctly. However, if one of these systems is not
working correctly, it is like removing a leg from the
tripod, which then becomes unstable. Inflight, the visual
system is most likely to be lost. When loss of visual
information occurs, you receive a majority of your
orientation information from the vestibular system.
Unfortunately, the vestibular system is very easy to
corrupt and can readily provide erroneous information.
The vestibular system also has a very strong input to
neuromuscular pathways which, if the stimulus is strong
enough, can cause you to reflexively move the aircraft
controls in undesired directions. Most of the time, however, vestibular stimulation results from mild accelerations and
leads to Type [/Unrecognized SDO. Remember, vestibular illusions occur primarily in the absence of peripheral visual
cues.

IN FLIGHT

Figure 5-5 — Somatosensory System

[lusions caused by each of the vestibular systems are discussed in the following section. Illusions caused by the
interface between the vestibular and visual system (vestibulo-ocular illusions) are also discussed.

Somatogyral Illusions

Somatogyral illusions are caused by the stimulation of the semicircular canals due to angular acceleration. In this
illusion, after you return to straight-and-level flight, you sense the aircraft is turning or banking in the opposite
direction. Three major somatogyral illusions can occur inflight — the Leans, the Graveyard spin/spiral and the Coriolis
illusion.

The Leans — is the most common vestibular illusion experienced inflight. It is caused when the semicircular canal
responsible for sensing acceleration in the roll axis is stimulated. If during the course of flight the aircraft is allowed to
roll at a rate below the threshold, in the absence of any reliable visual cues, the roll will not be perceived. Once you
realize the aircraft is in a roll or bank, however, you may correct with aroll in the opposite direction at a roll rate
greater than threshold. As a resuit, you will perceive a bank or roll in the opposite direction even though you thought
you were in a wings-level attitude. In some instances, you may find yourself physically kaning back to the opposite
direction of the perceived bank, hence the term “the leans.”

Additionally, if the initial roll rate is greater than the threshold, the acceleration is great enough to cause the sensation
of “roll.” Once the acceleration stops (motion may continue but at a constant rate), the endolymph reaches equilibrium
and the cupula is not displaced. At this point, you don’t perceive the aircraft is in a bank or roll. When the aircraft rolls
out to a wings-level attitude, the angular momentum of the endolymph, moving in the direction of the original bank or
roll, continues because of inertia. The cupula is deflected in the opposite direction of the original bank and you perceive
an opposite bank or roil of the same magnitude as the original maneuver, when in reality you are wings-level. If the roll
to wings-level (deceleration) is rapid enough, you may physically “lean” in the opposite direction of the perceived roll
or bank (Figure 5-6).
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ENOUGH TO PERCEIVE A
SENSATION OF LEVEL FLIGHT
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TO STOP THE TURN

SUCH MANEUVERING CAUSES YOU TO
FEEL LIKE YOU ARE IN A RIGHT BANK.
YOU LEAN TO THE LEFT TO ASSUME
WHAT YOU THINK IS LEVEL FLIGHT
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Figure 5-6 — The Leans

The Graveyard Spin/Spiral — is an example of how deadly somatogyral illusions can be when flying in conditions of
reduced visibility (night or instrument weather). Because of the mechanics of the semicircular canals, you become
disoriented quickly when your aircraft is placed in a spin or spiraling turn (with no distinct horizon). To help illustrate
the graveyard spin or spiral, let’s use a crew who unintentionally spins their T-6 (to the left) into the clouds. The crew
correctly perceives the initial spin direction because the angular acceleration causes the endolymph to displace the
cupula in the yaw canals. However, as the spin continues at a constant rate, the endolymph stabilizes and the cupula are
no longer deflected. The crew perceives a slowing and eventual stopping of the spin. When they check their
instruments, they realize they are in a spin and apply the appropriate spin recovery procedures, stopping the aircraft
from spinning. Because of the angular deceleration caused by the crew’s application of the correction procedures, they
perceive a spin to the right even though the aircraft is no longer spinning. If they are not aware of the possibility of this
illusion, they may think they have entered a right spin, apply the spin recovery procedures for a right spin, and reenter a
spin in the original direction.

The graveyard spiral illusion occurs in situations where there is poor visibility and you are flying in instrument
conditions. To illustrate this illusion, let’s use the crew of an AC-130 gunship orbiting above a target with poor
visibility at night. In this situation, the aircraft rolls into a turn with a moderate (30 degrees) amount of bank. After a
number of seconds, the crew loses the sensation of turning because of the stabilization of the semicircular canals. Since
the crew does not receive adequate input from their other sensory systems, they lose sensation of the increased bank.
When the aircraft rolls wings-level, the crew feels they are not only turning in the opposite direction but also as if the
aircraft is in an opposite bank. Unwilling to accept the sensation of making a wrong control input, the aircraft is rolled
back into the original banked turn. Returning to the original banked turn satisfies the crew’s sensation of straight-and-
level flight, but the instruments show the aircraft is still turning and losing altitude (a banked aircraft loses lift and as a
result can lose altitude). Believing the aircraft is flying straight and level but losing altitude, the crew tries to stop the
descent by adding power and pulling back on the yoke (which would normally stop the descent). Unfortunately, the
aircraft is in a bank and pulling back on the yoke only tightens the turn. Unless you are aware of this illusion, properly



