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Abstract: The uniform image of the full moon is well known from the beginning of
history. In the last decades, there are photos with a similar configuration of the earth
observed from the moon and from space, as well as of all the planets and their moons.
The photos are all nearly uniform. Such images are considered non-Lambertian since
they do not comply with Lambert Cosine Law of light scattering. Theories of the
uniformity deal only with the moon. Apart from being not persuasive for the moon
case, they are not applicable to most other cases. There are thousands upon thousands
of similar photos, but there is not a single true photo that does comply with Lambert
cosine Law. Photos that do comply with the law are all "rendered", that is, at least
partly simulated. A calculation based on fundamental principles is presented to clarify
the uniformity in all cases regardless of the observed object and its surface properties.
The uniformity is a direct outcome of a single sunlight scattering from the observed
object, and there is no need of further assumptions or models to justify it.

The uniform image of the full moon is well known from the beginning of history.
In the last decades there are photos with similar configuration of the earth observed
from the moon and from space, as well as of all the planets and their moons. The
photos are all nearly uniform. Such images are considered non-Lambertian since they
do not comply with Lambert Cosine Law of light scattering. Theories of the
uniformity deal only with the moon. Apart from being not persuasive for the moon
case, they are not applicable to most other cases. There are thousands of thousands of
similar photos, but there is not a single true photo that does comply with Lambert
cosine Law. Photos that do comply with the law are all "rendered", that is, at least
partly simulated. A calculation based on fundamental principles is presented to clarify
the uniformity in all cases regardless of the observed object and its surface properties.
The uniformity is a direct outcome of a single sunlight scattering of the observed
object, and there is no need of further assumptions or models to justify it.
The sun image is uniform except some marginal blur at its periphery. The full-moon
image shows some details of mountains and dry lakes, but apart from that the moon
image is uniform as that of the sun.
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The following two images in fig.-1 show the sun and the full-moon:

Fig.-1: The sun1 and the full moon2 images. Both have a uniform brightness
distribution.

The sun is a Lambertian light source, that is, each point on its surface scatters light
equally in all directions. The moon scatters the sun light that falls on its surface, and
according to Lambert's cosine law it will be most bright at its face center, and the light
intensity will fade to zero when moving toward its periphery.
However, as fig.-1 shows, and as is seen by the eye each month, the full-moon image
is uniform, and theories of non-Lambertian light scattering of the moon surface have
been suggested in order to explain the observation 3, 4. These sources also made a
thorough literature search of the phenomenon.
Photos of all the planets and the planet moons, taken from space with the sun at the
back of the observer, show similar uniformity 5. Mars is similar to the moon, but
Venus is covered with heavy clouds and the sunlight is scattered from a gas phase.

Fig.-2 shows an image of the earth taken from the moon 6:
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Fig.-2: The earth image taken from the moon.
The image includes large areas of solid land, liquid water and gas clouds, and the
uniformity is observed with each of them. It is, therefore, unlikely that the observed
uniformity is the outcome of some property of the scattering medium. Models of light
scattering that correspond to this case, deal only with solid surfaces. Explanation or
models that work for scattering from the three phases are difficult to find.
In addition to the full-moon, there are many images of spheres and other curved
surfaces with similar directional illumination, but true photos of any of them, that
obeys Lambert's cosine law, are again difficult to find. It seems that all the photos that
obey the law are at least partly simulated.
When an electromagnetic wave advances in a medium it polarizes its matter, and each
polarized dipole is a source of electromagnetic wave. The effect of all the dipoles is
calculated, for example, by vector addition of their electric fields. Each dipole has a
different phase that depends on its position, and if the material is uniform these fields
cancel each other in all the directions except the forward direction, where the effect is
refraction.
Scattering comes from non-uniform fluctuations of material density, and then
scattered waves may advance in any direction. The intensity of scattered light is the
sum of the intensities of the scattering centers and it does not depend on the phases of
the scattering dipoles.
The purpose of this discussion is to indicate that the uniformity of the moon image is
a direct outcome of single light scattering. Further mechanisms or models are not
necessary. The moon surface is Lambertian after all in the sense that the scattering is
random, although it does not obey Lambert cosine law.
Consider an imaginary line between the sun and the earth, or between the sun and the
moon, and a unit cross section area a on a plane perpendicular to that line.
Fig.-3 shows an observer on the earth looking directly at the sun (left), and looking at
night at the full moon, while the sun is behind his back (right).
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Fig.-3: Relative configurations of the sun, the moon and an observer on the earth.
(1) Sun surface area a / Cos(q) is observed through a cross section area a.
Sunlight a * Cos(q) is directed to an observer on the earth.
(2) Sunlight brightness a * Cos(q) on the moon illuminates the area a / Cos(q)
through a. The sun light polarizes the moon surface perpendicular to the light
direction. The moon dipoles scatter maximum light back to the sun, and back
to an observer on the earth.

qis the angle between a line from the sun center to an observer on the earth, and a
line between the sun center and any point on its surface.


The sun is a Lambertian source of light emitted uniformly from its surface, fig.-3
(left). That is, each point on the surface emits equal light in all the directions of the
solid angle 2, and the mean equivalent light is perpendicular to the sun surface.
q defines the position of any point on the sun surface. q similarly defines any
position on the moon surface.
Consider a line between the sun and the earth, or between the sun and the moon,
and a unit cross section area a on a plane perpendicular to that line.
The area on the sun surface observed through the cross section area a will be:
a / Cos(q),

(1)
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Thus, it is equal to a at the sun center, and it increases toward the periphery. The
mean light emitted from that area is perpendicular to the sun surface, and its
component seen by an observer on earth will be proportional to Cos(q).
Therefore the sun-light observed through the cross section a will be proportional to:
Is * (a / Cos(q)) * Cos(q).

(2)

Where Is is the sunlight density at its surface. Hence, the light toward the observer
does not depend on Cos(q) and the sun brightness observed from earth will be
uniform 7-8.
The case of the moon, fig.-3 (right), is discussed in a similar manner. However,
moonlight is a scattered sunlight, and the sunlight on the moon surface is Im * Cos(q),
where Im is the sunlight density at the moon face center.
Repeating the same argument, the full moonlight would be proportional to:
Im * Cos(q) * (a / Cos(q) * Cos(q)).

(3)

The left Cos(q) in the Eq. (3) comes from the fading light intensity on the moon
surface. So, by Eq. (3), the moon image should also fade to zero from its face center
toward its periphery. This is not the case as observed in fig.-1 (right), or by looking at
the full moon.
It is beneficial to go a little deeper into the scattering mechanism. Sunlight that falls
on the moon, induces dipole charge oscillations on its face. Each such a dipole is a
source of light, and the overall scattered light is the combined effect of all the dipoles.
Each dipole oscillates in the electric field direction of the coming sunlight, that is, in a
plane perpendicular to the light direction, and the maximal emission of a dipole is
perpendicular to its direction of oscillation, that is, back to the sun.

Therefore, the mean equivalent moonlight will also be directed back to the sun, and in
full moon also to an observer on the earth. It will not be perpendicular to the moon
surface, as was the case with the sun surface. There is no need for the right Cos(q) of
Eq. (2) in Eq. (3).
Repeating the argument with fading sunlight on the moon surface, the back scattered
moonlight will be proportional then to:
(a / Cos(q)) * Cos(q),

(4)

Observer on earth will see a uniform full moon.
In summary, the mean back scattering from the full moon is directed back to the sun
because the scattering dipoles on the moon oscillate in a plane perpendicular to the
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coming sunlight. Any calculation that does not take the direction of the polarizing
dipoles into account will not be correct.
Back scattering yields a uniform moon image, as well as the earth image and the
images of all the planets and their moons.
Back-scattering from any surface will not depend on the surface inclination angle to
the coming light, and a curved surface will look uniform. It is, therefore, not
surprising that true images, that obey Lambert's cosine law, are difficult to find.
In the calculation of Lambert's cosine law there is a hidden assumption that the
scattering dipoles oscillate in all random directions in space. This is not the case with
the moon, and probably with other examples. In the case of single scattering, the
scattered light conserves the polarization plane of the coming light and lead to
uniform surface image. In multiple scattering the scattered light loose this
polarization, then it should obey Lambert cosine law according to eq. (3).
However, as a process involves more and more scattering steps, the probability for it
will come down, and the first single scattering will be dominant.
The full moon image indicates that single scattering mechanism is responsible for the
uniformity. In some cases multiple scattering may add some non-uniformity.
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Think that this page is correct? Please pass it on to others.
Moral of the story:
The scattered light is considered in the literature as a diffusive light, light that
passed a number of scattering events before it left the scattering material. Diffusely
scattered light must obey Lambert's Cosine scattering law. In the case of
unidirectional light scattered backward from a surface of a sphere, the meaning is
maximum scattering intensity in the middle of the sphere surface, and a decline to
zero toward the periphery by the cosine law.
The full moon looks uniform, people continue to assume that the light is diffusely
scattered from it, and make double saltas and backward flick-flacks in order to try to
explain the uniformity, in my opinion, without success.
More than that. The nearly uniform sphere image, is common to all the planets and
their moons, including the earth as observed from the moon. Out of thousands upon
thousands true photos, there is no single true photo that obeys Lambert's Cosine law.
The only photos that do obey the law are rendered photos, photos that are at least
partly simulated. Rendering: If the theory does not comply with reality we'll change
the reality.
Contrary to all that, if the scattering is assumed to be mainly a single event, then
all the scattering dipoles are directly stimulated by the light radiation on the
illuminated scattering material. Then scattering by them must be coherent, and then
the full moon and all the other illuminated bodies, with similar illumination geometry,
must be uniform, at least approximately. The full moon tells us that single event
scattering is dominant. Maybe with small corrections of multiple scattering.
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Why is the single event dominant? It seems that the effect is geometrical and
statistical. If we consider one event scattering, two event scattering, multiple event
scattering, then the event probability will decline with an increasing number of
scatterings. The single event has a probability of at least 50% and it is the strongest
event. Assume that someone can make more accurate statistical calculation.
Nearly all the background landscape that surrounds us is a singly scattered light. A
true diffusely scattered light is rather rare.
In summary, the full moon tells us how to remove undesirable incoherent stray
light from coherent scattered light, for example, in optical absorbance measurements.
Added, April 2020
The Blind Men and the Elephant
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