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The Air Ocean

Of all the environmental factors affecting humans, -the
air we breathe is without question the most essential. We
actually are bottom-dwellers in an ocean of air and without
this precise mixture of gases, which we inhale a thousand
times and more each hour, we cannot last for three minutes.

Not only is the air essential® to the normal physiolo-
gical functioning of all earthly plants and animals, it also
is a shield that protects them from certain cosmic objects
and radiations. Without this shielding effect of the atmos-
phere, it is probable that life as we know it could not exist
on this planet.@ We may be well on the way toward dis-
covering the nature of the probability in one case, at least.
Supersonic aircraft (SST’s) undoubtedly will reduce the
amount of ozone in the stratosphere. This will allow more
ultraviolet radiation to reach the earth’s surface (and we
bottom-dwcllcrs) and we will soon find out how well we can
cope with the effects. We will also learn many other things—

if we survive long enough to see them take place.
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1. Composition and
Origin of the Atmosphere

'The atmosphere is a mixture of substances that have such
low freezing and boiling points that they exist as gases through
a wide range of temperatures. The only exception to this
is the water vapor that is present in all air near the earth’s
surface.

The lower atmosphere, also known as the homosphere,
(Figure 1) extends from the surface to a height of about 50
miles. The homosphere is subdivided into’ three regions:
the troposphere, stratosphere, and mesosphere. The tropo-
sphere reaches an altitude of about 8 miles (ahout 40,000
feet) and it is within this region that all weather occurs.®
Temperature in the troposphere decreases 3.5°F for each
1000 feet increase in elevation.

The stratosphere extends from the top of the troposphere
to about 35 miles altitude. Temperatures in this region
remain almost constant for the first 10 miles and then increase
to the top of the stratosphere. This increase in temperature
is due to the absorption of short wavelengths of solar energy
by ozone* Note that (Figure 1) the ozonosphere corre-
sponds roughly to the stratosphere.
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FIGURE 1 Atmospheric distribution.

* Some kinds of energy move through media by effecting
a regular, recurring disturbance of the particles or other material
of the media. Figure 2 represents the motion of a particle or
a point in the medium as it is displaced by the applied energy.
Maximum displacement (A) from rest (the horizontal mid-line)
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is termed the amplitude of the wave. The quantity (B) from one
point on the wave to a successive, corresponding point is the
wavelength. The period of the wave is the time (C) required for
one complete cycle of the disturbed particle or point. The
frequency is the number of cycles per unit of time—cycles per
second (hertz) when dealing with electromagnetic wave energy.
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FIGURE 2

The mesosphere lies between the top of the stratosphere
and the lower boundary of the upper atmosphere. The
temperatures here decrease rapidly from about 30°F to
—140°F at 55 miles above the surface.

The upper atmosphere (the heterosphere or thermos-
phere) extends beyond 55 miles to 600 or more miles outward
from the earth to the region where the density of atmospheric
materials is low enough to be classed as interplanetary space.
Note (Figure 1) that the ionosphere includes all of the hetero-
sphere plus the upper 15 miles of the mesosphere. In this
area many of the atmospheric atoms are ionized and it is
here that radio waves from earthly transmitters are reflect-
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ed back to the surface, thus, making possible long range
- wireless communications.*

* The atoms making up the elements of the universe are
normally clectrically neutral, that is, each atom contains equal
numbers of positively and negatively charged particles which,
therefore, neutralize each other. Under certain conditions, how-
ever, negatively charged particles (electrons) may be removed

" from or added to atoms. When this happens, the atom carries
a net positive or negative charge and is said to beionized and the
atom is then referred to as an ion. ’

Nitrogen gas makes up about 78% by volume of the
atmosphere (see Table 1). It is a relatively inert substance
chemically and exists as a diatomic molecule; that is, two
nitrogen atoms are chemically combined to form what the
chemist symbolizes as N,.® The chemical bonds holding
the two atoms together are quite strong and this, in part,
accounts for the reluctance of atmospheric nitrogen to in-
teract chemically with other materials in the environment.
When air is inhaled, the nitrogen component goes in and out
of thé lungs without undergoing appreciable change or ab-
sorption. A certain amount of the gas is dissolved in the
blood at all times but apparently does not enter into physi-
ological activities in any way.*

TABLE 1 Lower Atmosphere Composition
Gas % by Volume
Nitrogen (N,) 78.084
Oxygen (O,) 20.946
; SRS B EES




Argon (A) 0.934
Carbon dioxide (CO,) 0.033 to 0.1
Remaining 0.003%,

Neon (Ne) Hydrogen (H,)

Helium (He) Methane (CH,)

Krypton (Kr) Radon (Rn)

Xenon (Xe) Nitrous oxide (N;O) '

* There can be enough nitrogen in the blood to cause
trouble for divers if they ascend too rapidly from deep dives.
Additional nitrogen is forced into the blood when the diver
breathes air under pressure. When he ascends quickly, the
excess nitrogen forms bubbles that block blood vessels at con-
strictions such as the joints of the extremities. The condition
is known as caisson disease or ‘‘the bends” and requires divers
to undergo long periods of decompression when or after return-
ing to the surface.

Although the element nitrogen is essential to all plants
and animals, it cannot be utilized by them in the N, form.
Atmospheric nitrogen is converted to the required soluble
compounds (nitrates of several varieties) by lightning dis-
charges and by bacteria in the soil. Ammonia is another com-
pound useful to plants as a source of nitrogen. This sub-
stance is one of the products of the decay of organic matter
in and on the surface of the soil.-

Oxygen makes up about 219, of the atmosphere and it
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also is in the form of a diatomic molecule (Q,). This ele-
ment is quite active chemically and is absolutely essential to
our existence. Its primary activity is to bring about the
oxidation of carbohydrate foods we eat to produce the energy
necessary to the funétioning of our bodies.® 1t also is
built into most of the myriad of organic compounds of which
we are composed.

The other one percent of atmospheric gases consists of
carbon dioxide (CO,), the rare gases, hydrogen, and a few
unimportant compounds in minute quantities. Water va-
por (which is just as invisible as the other gases) may vary
from almost nothing to as much as 4%, and is not usually
included with the other constituents which, in terms of global
averages, do not vary significantly. The amounts listed
here for the composition of the atmosphere are only for the
denser portion lying near the surface of the earth. Above
an altitude of about 50 miles, the relative percentages change
noticeably with the heavier molecules occupying the lower
elevations,® Also, between about 8 and 40 miles up, we
find ozone as an additional and important constituent.*

* Ozone (O,) forms in the atmosphere as a result of the
energy supplied by electrical discharges and the ultraviolet
radiation that reaches the upper atmosphere from the sun.

There is little direct evidence to help us draw conclu-
stons about the origin of the earth’s atmosphere. We may
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only speculate to some degree on the basis of the compositions
of atmospheres around other planets in the solar system.
The larger, more distant planets (Juf)iter, Saturn, Uranus,
and Neptune) all have atmospheres that are mostly methane
(CH,) and ammonia (NH,). It is thought that the earth
and the other smaller planets at one time had similar atmos-
pheres. The relative close proximity of these planets to the
sun, however, plus the probable high surface temperatures
provided means for photolysis* and pyrolysis** of these mol-
ecules. This decomposition of methane and ammonia has
not occurred on the outer planets because of their extremely
low temperatures and great distances from the sun. Another
possibility is that the CH, and NH, molecules of the original
atmospheres of the smaller planets could have escaped the
relatively weak gravitational fields when the particles were
accelerated to their escape velocities by the high temperatures
of the surfaces.

* Photolysis . is the breaking of molecular chemical bonds
by the energy of electromagnetic radiation. Photochemistry
has to do with those chemical reactions affected by light.

** Pyrolysis is the decomposition of chemical compounds
by the application of heat energy.

In any event, the present atmosphere of oxygen, nitro-
gen, carbon dioxide, and water vapor of the planet Earth
differs from all the others and this uniqueness is difficult to
explain satisfactorily. It is believed that N,, CO,, and H,O
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were vented from the earth where they had been a part of
the molten rock of the crust. This exhalation of subter-
ranean gases continues today through volcanic eruptions in
many parts of the world. '

There are two leading hypotheses regarding the origin
of oxygen in the earth’s atmosphere. The first is that as
green plants evolved and carried on photosynthesis, the oxy-
gen ocomponent gradually increased as the plants emitted
excess oxygen and consumed carbon dioxide.® As animal
life increased over the surface of the globe, an eventual bal-
ance was reached with plants using CO, and excreting 02 at
about the same rate that animals were doing just the oppo-
site.® The second hypothesis is that oxygen was released

from water vapor (H,O) molecules as a result of photolytic

decompesition. The overall representative chemical reac-

tion is:

2H,0 + radiant energy - O, + 2H,

The hydrogen, because of its slight mass, was able to
escape from the earth’s gravitational field while the heavier
O, molecules were left behind,

The planet Mercury appears to have no atmosphere.
This probably is due to its weak gravitational field and close-
ness to the sun. Mars has a relatively thin atmosphere
which also is due to its small mass. Venus, on the other
hand, being comparable in size and mass to Farth, has a

dense atmosphere consisting of a large percentage of carbon
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dioxide with a relatively small amount of oxygen. The
greenhouse effect occasioned by the heavy CO, concentra-
tion causes the temperature at the surface to be near 1000°
F.*

* When incident solar radiation passes through a trans-
parent substance such as glass or the atmosphere and is then
absorbed by solid matter, much of the energy is converted to
long wave heat radiation. This longer wavelength energy
cannot move back through the transparent material and s, there-
fore, trapped beneath it. You may have observed the effect upon
opening your automobile after it has been sitting for some time
in direct sunlight with the doors and windows tightly closed.
Carbon dioxide in the atmosphere acts in a manner comparable
to the glass windows in a car or greenhouse.

An interesting (albeit not widely accepted) hypothesis
explaining the great contrast between the atmospheres of
Earth and Venus assumes that intelligent beings (humanoid ?)
evolved on Venus several centuries or millennia ahead of the
similar development on Earth. The Venusian “civilization”
learned to use fossil fuels, destroyed the oxygen-producing
forests, polluted the carbon dioxide-absorbing seas, and
perished when the CO4-O; atmospheric balance went away.
Fantasy ? Possibly. But it could have happened; perhaps
we should think about it.
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