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Abstract: A molecule of oxygen absorbing solar ultraviolet-C radiation is photo-dissociated into two atoms of oxygen that fly
apart at high velocity, converting kinetic energy of oscillation of the molecular bond directly and completely into kinetic energy
of linear motion of the oxygen atoms. This increases air temperature. Two oxygen atoms can then collide forming a new oxygen
molecule that can then be dissociated again as long as sufficient ultraviolet-C radiation exists. This continual dissociation of
oxygen molecules is the primary reason for the stratopause being 30-40 degrees warmer than the tropopause and for all
ultraviolet-C radiation being absorbed before reaching the lower stratosphere. Furthermore, an oxygen molecule and an oxygen
atom can collide to form a molecule of ozone, which is photo-dissociated by solar ultraviolet-B radiation. Normally, 97-99
percent of ultraviolet-B radiation is absorbed in the ozone layer, warming the lower stratosphere. By 1970, however, humans
manufacturing chlorofluorocarbon gases caused up to 70% depletion of ozone, cooling the ozone layer and allowing more
ultraviolet-B to reach Earth where it photo-dissociates ground-level ozone pollution, raising air temperatures, especially in the
most polluted areas. Ultraviolet-B also penetrates oceans tens of meters, efficiently raising ocean heat content. Earth’s surface
warmed 0.6°C from 1970 to 1998 with warming twice as great in the northern hemisphere containing 90% of global population.
In 2014, Bardarbunga volcano in central Iceland extruded 85 km? of basaltic lavas in six months, depleting the ozone layer and
warming Earth another 0.3°C by 2016. Throughout Earth history, basaltic lava flows covering areas of up to millions of square
kilometers are contemporaneous with sudden global warming—the larger the lava flow, the greater the warming. Large explosive
volcanic eruptions, on the other hand, typically form aerosols in the lower stratosphere that spread throughout the world,
reflecting and scattering sunlight, cooling Earth approximately 0.5°C for two to four years. Computer modelling shows the
effects of this global cooling can still be observed in ocean temperatures a century later. Several large explosive volcanic
eruptions per century, continuing for millennia, cool oceans incrementally down into ice-age conditions. Detailed measurements
of air temperatures in ice cores at Summit Greenland over the past 122,000 years show that the footprints of climate change are
sudden warming within years, followed by slow, incremental cooling over millennia, in highly erratic sequences averaging only
a few thousand years in length. Ozone depletion and aerosols are particularly effective because they occur worldwide.
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Effusive Volcanism, Basalt

radiation consisting primarily of infrared frequencies that
provide warmth, visible frequencies that power
photosynthesis, enable sight, and heat Earth’s surface,
ultraviolet-A  frequencies that heat Earth’s surface,
ultraviolet-B frequencies that heat the stratospheric ozone
layer, ground-level ozone pollution, and Earth’s surface,

1. Introduction

Photochemistry is the study of the chemical and physical
processes occurring when solid matter, liquids, gases, or
plasmas absorb thermal energy in the form of electromagnetic
radiation. Earth is showered with solar electromagnetic
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ultraviolet-C frequencies that heat the stratosphere and
mesosphere, and extreme ultraviolet, X-ray, and gamma ray
frequencies that ionize and heat the ionosphere and
thermosphere.

Humans thrive on Earth only because essentially all
high-energy, DNA-damaging, solar radiation, including
ultraviolet-C, extreme ultraviolet, X-ray, and gamma ray
frequencies are absorbed in the stratosphere, mesosphere, and
the upper atmosphere. The true Goldilocks balance, however,
is centered on how much solar ultraviolet-B radiation reaches
Earth’s surface. The skin of humans must absorb just enough
ultraviolet-B to manufacture sufficient vitamin-D, crucial for
healthy bone growth and for healthy immune systems. Just
enough ultraviolet-B is also required for healthy plant
development [1]. But too much ultraviolet-B causes
photodegradation, sunburn, premature aging of skin, skin
cancer, cataracts, and disruption of DNA, Kkilling or
inactivating microorganisms and causing mutations in plants
and animals. Too much ultraviolet-B inhibits animal and plant
growth [2]. And too much ultraviolet-B reaching Earth’s
surface, as discussed in this paper, causes heating of Earth’s
surface above the Goldilocks ideal temperature that life on
Earth has adapted to.

Human skin evolved to absorb just enough ultraviolet-B
radiation long before clothes were available. The dosage of
ultraviolet-B radiation reaching human skin is greatest in the
tropics, least around the poles, and varies with climate change.
Around 1.2 million years ago, in response to climate change
killing trees, hominins moved out of tropical rainforests into
sunny savannas where they lost body hair, evolved more
efficient perspiration, and evolved short, curly, Afro-textured
hair to protect the thermosensitive brain from bright sunshine
[3, 4]. The loss of body hair led to heritable increases in
melanin, a pigment that blackens the skin and darkens the eyes
of people living in intense sunlight in equatorial regions. Our
species, Homo sapiens, evolved in Africa and was originally
dark skinned. As humans migrated out of equatorial Africa to
higher latitudes, where sunshine is less intense, they evolved
over hundreds of generations lower levels of melanin, leading
to lighter skin and lighter eye color so that they could absorb
adequate ultraviolet-B radiation to have healthy levels of
vitamin D. Humans evolved straighter hair that provided
increased warmth. Eskimos in the Arctic kept dark skin
perhaps because of nearly 24-hour sunlight half the year and
because they absorb large amounts of vitamin D from their
diet primarily of fish, seals and other animals [5].

Thus, the existence, health, and even skin color of humans
living on Earth is determined by having just the right
Goldilocks balance between how much solar ultraviolet-B
radiation is absorbed by the ozone layer versus how much
reaches Earth’s surface. The fact that 97 to 99 percent of
ultraviolet-B radiation is absorbed within the ozone layer,
protecting life on Earth from this generally harmful radiation,
has been known and understood for a long time [6]. In 1974,
Molina and Rowland discovered that manufactured
chlorofluorocarbon gases (CFCs) were depleting the ozone
layer [7]. In 1985, Farman, Gardiner, and Shanklin [8]

discovered the Antarctic ozone hole showing that ozone
depletion was much more significant than had been realized.
In 1995, Molina, Rowland, and Crutzen shared the Nobel
Prize in Chemistry for their work “concerning the formation
and decomposition of ozone” [9].

What has not been understood, and is the primary subject of
this paper, is that this Goldilocks balance of solar ultraviolet-B
radiation also determines the average temperature of air at
Earth’s surface. Ultraviolet-B radiation, with frequencies
around 1176 trillion cycles per second, has enough kinetic
energy of oscillation, around 4.86 electronvolts, to
photo-dissociate ozone (O;). When a gas molecule is
dissociated, one of the bonds holding the molecule together is
broken, causing the molecular pieces to fly apart at high
velocity. According to the kinetic theory of gases, air
temperature is proportional to the average kinetic energy of
linear motion of all atoms and molecules making up the gas.
The average kinetic energy of linear motion is proportional to
the average velocity of linear motion squared.

As discussed below, radiation is the result of oscillation of
all the bonds holding matter together. Photo-dissociation
converts the kinetic energy of oscillation of a bond directly
and completely into kinetic energy of linear motion, which is
proportional to temperature. Absorption of ultraviolet-B
radiation, dissociating ozone, heats the ozone layer. When
more ultraviolet-B radiation than usual reaches Earth’s surface,
it photo-dissociates ground-level ozone pollution, warming air.
Ultraviolet-B also penetrates oceans tens of meters, directly
causing substantial increases in ocean heat content.
Ultraviolet-B has the greatest effect on global temperatures at
Earth’s surface because it is the most energetic, “hottest” solar
radiation with the greatest temperature difference from Earth.
Flux of heat, as discussed below, is a function of difference in
temperature.

The other photochemical process important for determining
Earth’s surface temperature is the reflection and scattering of
sunlight by aerosols. Essentially all major explosive volcanic
eruptions have been observed to form sulfuric-acid aerosols in
the lower stratosphere that spread worldwide within months
and last several years, reflecting and scattering sunlight,
cooling Earth’s surface approximately 0.5°C for a few years.
Several large eruptions each century continuing for millennia
are observed to cool oceans incrementally down into ice-age
conditions.

Global warming caused by depletion of the ozone layer and
global cooling caused by formation of aerosols have the
dominant effects on global climate because they both
modulate how much of Sun’s most energetic radiation reaches
Earth and they both occur worldwide, modulating all solar
radiation reaching Earth. To understand why this is so
important and why photo-dissociation of oxygen and ozone
are so important, we need to step back and reevaluate our
understanding of what thermal energy, electromagnetic
radiation, temperature, and heat actually are physically and
how they flow over time. We need to clear up several
misunderstandings about the physics of heat.
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Figure 1. Oscillation of a molecular bond between forces of repulsion and
forces of attraction. The molecule is dissociated when the frequency, which is
also kinetic energy of oscillation, is equal to Eyyx.

In physics, the closest things to truth are direct observations
of what is physically happening in Nature. The first half of this
paper is based on direct observations of the flow of heat. The
second half of this paper is based on direct observations of the
footprints of climate change throughout the geologic record.

2. Thermal Energy in Solid Matter Is
Sub-microscopic Kinetic Energy of
Oscillation

According to Grossman [10], “by measuring temperature,
we’re measuring how fast the atoms in the material are
moving. The higher the average velocity, of the atoms, the
higher the temperature of the material.”

In a gas, atoms and molecules are free to move independently
in any direction until they collide with another atom, molecule,
or the walls of a container. Then they typically move
independently in another direction. Each atom or molecule can
be thought of as “possessing” a kinetic energy of linear motion
(Exp) that is quantified as one-half its mass (m) times its
velocity of linear motion (v) squared: Ex;="%mv". It makes no
physical sense to add these kinetic energies together because
each kinetic energy applies only to one discrete, individual
atom or molecule. We observe a distribution of kinetic energies
that we typically summarize by thinking in terms of a statistical
average. We observe that temperature of a gas increases directly
proportional to the statistical average of this distribution of
kinetic energies. It makes no physical sense to add kinetic
energies of individual molecules together. These kinetic
energies are not additive—they are averative, a word I am
coining to emphasize the fundamental distinction in physical
reality between adding and averaging when dealing with
thermal energy, heat, or temperatures. Averative will be
described in more detail below.

In solid matter, physicists observe that all bonds holding
matter together oscillate back and forth at trillions (10'%) of
cycles per second over amplitudes measured in picometers

(10" meters). Physicists think of these oscillators as being
driven by the electrodynamic forces of repulsion of like electric
charges and the electrodynamic forces of attraction of unlike
electric charges as approximated by the Morse potential [11]
shown in Figure 1, or by the more detailed Morse/Long range
potential [12]. These frequencies of oscillation are more than
ten million times higher than what we humans can perceive as
oscillations [13]. We perceive them as temperature of solid
matter. Electrodynamic forces act like perfect springs, recoiling
without energy loss from repulsion or attraction. Plus, they are
frictionless, allowing these molecular-bond-scale oscillators to
continue to oscillate for exceptionally long periods of time.
Each oscillator is oscillating at some frequency of
oscillation with some amplitude of oscillation. Physicists
observe that each oscillator on the surface of a piece of solid
matter transmits into air and space its frequency of oscillation
and its amplitude of oscillation in the same physical manner
that a radio transmitter transmits its frequency of oscillation
and its amplitude of oscillation by oscillatory motion of charge
on the transmitter’s antenna. The orientation of the axis of
oscillation of each bond will vary, but as with a radio antenna,
the resulting electromagnetic field will be greatest
perpendicular to the axis of oscillation, as observed.

3. Electromagnetic Radiation Is
Physically a Very Broad Spectrum of
Frequencies of Oscillation

In this way, thermal radiation, which is defined as radiation
emitted by a body of matter because of the body’s temperature,
is observed to consist of a very broad spectrum of frequencies
of oscillation known as the electromagnetic spectrum (Figure
2) [14]. A spectrum or continuum is a continuous sequence of
values in which adjacent elements are separated by differences
too small to be recognized at a given scale of measurement.

Figure 2. The electromagnetic spectrum extends from radio frequencies of
cycles per second to gamma rays with frequencies greater than 300 Exahertz
(3x10%). Oscillators with a shorter length emit higher frequency, higher
energy radiation associated with higher temperatures.

Today, physicists measure electromagnetic radiation with
frequencies of oscillation ranging from extremely low
frequency radio signals oscillating at less than one cycle per
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second to gamma rays oscillating at more than 300 exahertz
(3x10% cycles per second). As shown in Figure 2, the shorter
the length of an oscillator, the higher the frequencies of
oscillation, the greater the energies of oscillation and the
greater the associated temperature.

Furthermore, there can be many modes of oscillation for
each oscillator and each mode can have numerous overtones
or harmonics of oscillation, each with a unique frequency of
oscillation. Thermal radiation from even a very small piece of
solid matter is the result of simultaneous oscillation of trillions
of bonds holding solid matter together. Simultaneous
oscillation of a very large number of physically tiny oscillators
is the primary link between the sub-microscopic world and
macroscopic temperature.

Each mode of oscillation of each frictionless
molecular-bond-scale oscillator can be thought of as
“possessing” a kinetic energy of oscillation (Egp), which
Planck [15] postulated in 1900 is equal to the frequency of
oscillation (f) times a constant of proportionality (h), now
known as the Planck constant. This constant is simply the
kinetic energy of oscillation contained within a frequency of
one cycle per second. The Planck constant, the slope of a line
through the origin of a plot of kinetic energy as a function of
frequency, can be estimated easily in a high-school physics
laboratory using several different light-emitting diodes
oscillating at different frequencies [16]. What Exo=hf tells us
is that frequency of oscillation (f) is physically the same thing
as kinetic energy of oscillation (Exo) divided by a scaling
constant (h) and that kinetic energy of oscillation (Exo) is
physically the same thing as a scaling constant (h) times
frequency of oscillation (f) as calculated for all frequencies in
the electromagnetic spectrum [14]. The higher the frequency
of oscillation, the higher the velocity of motion of the atoms
relative to each other, the higher the kinetic energy of
oscillation, and the higher the related temperature (Figure 2).

It makes no physical sense to add these kinetic energies of
oscillation (Exo) together because each kinetic energy applies
only to one discrete, individual, molecular-bond-scale
oscillator. We observe a distribution of kinetic energies that we
can summarize by calculating a statistical average. We
observe that temperature of solid matter increases proportional
to the statistical average of this distribution of kinetic energies
of oscillation. Kinetic energy of oscillation is not additive—it
is averative.

4. Temperature of Solid Matter Is the
Result of This Broad Continuum of
Frequencies of Oscillation

In the late 19" century, many physicists used a glass prism
to spatially separate visible light from various sources into a
spectrum or continuum of colors. They then moved various
sensors through each band of color, carefully measuring
changes as a function of the temperature of the source of the
radiation. For infrared radiation, which does not have enough
energy to penetrate glass, they utilized prisms made of halite.

Figure 3. Planck’s empirical law calculating the intensity or amplitude of
oscillation at each frequency of oscillation as a function of the temperature of
the radiating body. A is amplitude of oscillation, T is absolute temperature, h
is Planck'’s constant, fis frequency of oscillation, c is the velocity of light, and
ky is the Boltzmann constant. A replacement for ¢ will need to be calibrated in
the laboratory.

In 1900, Planck [15, 17] was able to devise an equation that
calculates accurately the observed measurements at each
frequency of oscillation as a function of the temperature of the
emitting body, plotted in Figure 3 for Earth at 15°C (green),
the filament of an incandescent light bulb at 3300°C (yellow
and green), and Sun at 5500°C (red, yellow, and green). This
equation, now known as Planck’s empirical law, was
determined by trial and error to explain extensive observations.
It was not based on theory.

In the 1890s and still today, physicists thought their sensors
were measuring energy of radiation flowing per second, so
Planck plotted flux of energy in watts per square meter on the
y-axis. What is fascinating, however, is that Planck, in order to
satisfy dimensional analysis for his equation, postulated that
energy of radiation (Ego) is equal to the Planck constant (h)
times frequency (f), Exo=hf, something he called “energy
elements,” traditionally written E=hv, where v is the Greek
letter nu. In 1905, Einstein [18] called them “energy quanta”,
and in 1926, Lewis [19] called them “photons”. But if energy
(Exo) equals a constant (h) times frequency (f), then energy
should be plotted parallel to frequency on an alternative x-axis
as shown at the top of Figure 3.

In 1900, Planck considered Exo=hf to be a “mathematical
trick or convenience” and his empirical law to be a “fortunate
guess” [20]. There is no evidence in the literature that he ever
wondered about what energy of radiation is physically.
Nevertheless, in 1918, Planck earned the Nobel Prize in
Physics for “his discovery of energy quanta” [21]. In 1931, he
admitted that introducing the “energy element” in 1900 was “a
purely formal assumption and I really did not give it much
thought except that no matter what the cost, I must bring about
a positive result” [22]. In other words, Planck, a theoretical
physicist, was obsessed with the mathematics rather than
thinking carefully about what was actually physically
happening in Nature. He did think mathematically in terms of
tiny oscillators, which he called resonators, but he was
confused by the widespread assumptions that energy should
be plotted on the y-axis and wavelength on the x-axis.
Wavelength and wave frequency assume the wave theory of
light. What we measure in Nature is frequency of oscillation
(Figure 3), which has nothing to do with waves.
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There are two ways to look at the equation Exo=hf. First
that Exo is a level of kinetic energy contained in a single
frequency—the minimum level of energy (Emax in Figure 1)
required to break the bond of an electron in the photoelectric
effect or to break a bond of a molecule causing
photo-dissociation. For example, a molecule of oxygen is
observed to be dissociated into two atoms of oxygen when it
absorbs a frequency close to 1237 terahertz (10'? cycles per
second), an energy close to 5.11 electronvolts [23]. In this case,
Emax can be thought of as the minimum level of energy
required to cause a photochemical reaction, something
Einstein called a “light quantum” [18].

The second way to look at the equation Exo=hf is to
recognize that frequency (f) is a very broad continuum of
frequencies—the electromagnetic spectrum as shown in
Figure 2 [14]. A constant times a continuum must equal a
continuum. Therefore, kinetic energy (Exo) is a broad
continuum of energies, the physical opposite of a “light
quantum” or “photon.”

Figure 4. Heat flowing per second is proportional to the difference in
temperature at that moment.

Frictionless oscillators have two primary physical
properties: frequency of oscillation and amplitude of
oscillation. Thus, at the sub-microscopic level, Planck’s
empirical law calculates amplitude of oscillation plotted on
the y-axis as a function of frequency of oscillation or kinetic
energy of oscillation plotted on the x-axis. At the macroscopic
level, our eyes perceive amplitude of oscillation as intensity or
brightness. Intensity of radiant energy is currently defined as
power transferred per unit area in units of watts per square
meter, a flux, so that needs to be changed. Brightness is
defined as an attribute of visual perception.

I simply plot orders of magnitude on the y-axis in Figure 3
because I think it would be best for the absolute values of
amplitude of oscillation measured in picometers (10 meters)
to be calibrated in the laboratory by adjusting the constant ¢
in Planck’s empirical law. The amplitudes of oscillation could
vary in detail with chemical composition.

All frequencies throughout the electromagnetic spectrum
(Figure 2) coexist at all times and at all locations. What we
observe varies in time and space is the intensity of oscillation
caused by the amplitude of oscillation at each frequency of
oscillation ranging on a logarithmic scale from completely

insignificant to dominant.

5. Heat Physically Is a Two-Dimensional
Continuum of Frequencies and
Associated Amplitudes of Oscillation

Planck’s empirical law not only shows the physical properties
of thermal radiation and the physical properties of oscillators on
the surface of solid matter, but also the physical properties that
must exist throughout a body of solid matter at thermal
equilibrium for that body to “possess” a temperature. Note from
Figure 3 that the higher the temperature of the radiating body, the
higher the observed amplitude of oscillation at each and every
frequency of oscillation and the higher the observed frequencies
with the greatest amplitudes of oscillation.

Heat can be defined most fundamentally as that which a
body of solid matter must absorb to get warmer and must emit
to get cooler. In Figure 3, Earth (green) must absorb the
physical properties shaded yellow to become as hot as the
filament of an incandescent light bulb. Heat, physically, is thus
a two-dimensional continuum of values quantified by
subtracting at each and every frequency the amplitude of
oscillation as calculated by Planck’s law for the cooler body
from the amplitude of oscillation for the warmer body. This
explains why a body of solid matter can only be warmed by
absorbing radiation if that radiation comes from a warmer
body, and why the rate that heat flows per second is
determined by the difference in temperature (Figure 4)

6. Thermal Radiation, Heat, and
Temperature Are Each Not Additive—
They Are Each Averative

All curves of warming or cooling of solid matter are
observed to be asymptotic to the final temperature as shown in
Figure 4 for warming. The black curve plots the warming
measured per unit time when shining a light on a small piece
of thin black metal. The red line shows the warming calculated
by multiplying a constant times the final temperature minus
the current temperature. The greater the difference in
temperature, the greater the flow or flux of heat, and the faster
the body is warmed. The greatest temperature difference is in
the beginning. As the temperature difference approaches zero
asymptotically over time, it takes a very long time to
completely warm the body.

You get this same asymptotic shape when approaching a
wall by moving the average distance between you and the wall
during each unit of time. You get very close to the wall soon,
but you will never theoretically reach the wall, although the
difference in distance gradually becomes insignificant.

If you take two bodies of solid matter that are identical
except for temperature and place them so that heat can flow,
the resulting temperature under ideal conditions will be the
average of the initial temperatures, not the sum. Temperature
is not additive; temperature is averative.
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Figure 5. Sets of three cones in your eyes respond in slightly different ways to
Red, Green, and Blue light as shown by the solid lines. The dashed lines show
the frequencies absorbed by chlorophyll A and chlorophyll B.

At each moment in time in Figure 4, the temperature of the
absorbing body is averaged with the ultimate temperature,
which is determined by the temperature of the emitting body.
This averaging is done in Nature by resonance, as described
below. The resulting temperature is either the average of the
two initial temperatures, or, in the most general case, is
somewhere between the two initial temperatures depending on
the physical properties of both bodies of solid matter and the
boundary conditions.

Averaging instead of adding occurs because temperature is
an intensive physical property, which means temperature does
not depend on the size or amount of matter involved [24].
Temperature is the result of oscillations at the
sub-microscopic level that are spread evenly throughout the
body of matter. Therefore, you can divide a body of matter up
into as many macroscopic pieces as you wish. Each piece will
initially have the same temperature. There is no such thing as a
physical amount of temperature. Temperature is simply the
result of a level of thermal energy that quantifies how hot we
perceive the body to be. Since heat is temperature in transit, it
makes no physical sense to think of heat macroscopically as a
physical amount of anything. Note in Figure 4 that the rate
heat flows per second, the flux, is determined by the difference
in temperature.

7. Heat Flows by Resonance, a
Fundamental Physical Property of
Oscillatory Systems

Temperature in solid matter, as described by Planck’s
empirical law (Figure 3), is the macroscopic result of the
simultaneous oscillation of all the sub-microscopic bonds
holding a piece of solid matter together. The most important
physical property of oscillating systems beyond frequency of
oscillation and amplitude of oscillation is resonance, also
known as sympathetic oscillation. When two discrete
molecular-bond-scale oscillators are oscillating at the same
frequency and are within line-of-sight of each other or
mechanically connected in some way, they are observed to
share amplitude of oscillation essentially instantly. The

oscillator with the largest amplitude of oscillation loses
amplitude of oscillation to the oscillator with the least
amplitude of oscillation. In the simplest case, both oscillators
end up with the average of the initial amplitudes of oscillation.
Each oscillator can then absorb more amplitude from an
oscillator oscillating at the same frequency but at a higher
amplitude of oscillation or lose amplitude to an oscillator
oscillating at the same frequency but at a lower amplitude of
oscillation. When all oscillators oscillating at the same
frequency and within line-of-sight or physically connected in
some way are oscillating at the same amplitude of oscillation,
then resonance can no longer occur, amplitudes of oscillation
can no longer “flow”.

When this sharing of amplitude is done simultaneously
across all frequencies of oscillation between two pieces of
solid matter, Planck’s law (Figure 3) shows us that the
macroscopic temperature of the hotter body becomes a little
cooler and the macroscopic temperature of the cooler body
becomes a little warmer. For solid matter, when we measure
temperature, we are measuring the macroscopic effect of
sub-microscopic amplitude of oscillation at each and every
frequency of oscillation as calculated by Planck’s empirical
law. The higher the temperature, the higher the dominant
frequencies of oscillation, the higher the amplitude of
oscillation at each and every frequency of oscillation, and the
higher the average velocity of oscillatory motion. What is
“flowing” in an averative manner, which means by averaging,
is amplitude of oscillation at each and every frequency of
oscillation. When the two pieces of solid matter reach the
same temperature, there is no difference in amplitude of
oscillation at any frequency, so that no amplitude can “flow”.
The two pieces of matter are then said to be in a state of
thermal equilibrium.

It is extremely important to realize that because all of these
sub-microscopic oscillators are frictionless, the only known
physical way to increase or decrease the amplitude of
oscillation of any molecular-bond-scale oscillator is via
resonance. Therefore, the only way for heat to physically flow
is by resonance.

Resonance is all around us. We see by resonance. Each of
our eyes contains six to seven million cone cells [25] in sets
of three that respond to or resonate with visible light in
slightly different ways shown by the solid lines in Figure 5
labelled Red, Green, and Blue. Our brain processes the three
slightly different neurological signals to detect ten million
different shades of color. All cone cells resonate
simultaneously, each with a single oscillating molecular
bond within your field of view, allowing you to see a whole
scene in full color.

The color that an object displays is also related to
resonance in an interesting way. For example, a leaf appears
green because chlorophyll A and chlorophyll B absorb most
red and blue light as shown by the dashed lines in Figure 5,
leaving only oscillations in the frequency range of green on
the surface of the leaf to resonate with the cells in your eyes
[26].

We hear by resonance when the tiny hair cells [27] in our
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