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In the manuscript “Double shadow or reflected image?” the case of the formation
of a double image of an object that is beyond (outside) a double panel window was
analyzed. In that study it was assumed that the only source of light lies outside the
window. According to Fig. 17 of the manuscript, the intensity of a beam, I, after crossing
the window is reduced to

I ′ = t1t2I (1)

where t1,t2 are the transmission coefficients of the first and second panel, respectively.
Instead, the intensity of a double reflection is

I ′′ = t1t2r1r2I (2)

therefore, the relationship between an outside object and its double image is

I ′′

I ′
= r1r2 (3)

Since the reflection coefficients for a transparent medium are generally small, then the
double image will have a much smaller intensity than that of the object, so as to be
unobservable in most cases. In a standard window we have r1 ≈ r2 ≈ 0.05, so that

I ′′

I ′
≈ 0.25% (4)

The contrast between the object and its double image is very large, which would result
in a very faint double image. That is, the double image of external objects is something
difficult to observe because they would have a very low intensity. This makes sense
because a window that produces an intense double image of external objects can, for
example, create difficulties to visually maneuver the spacecraft.

As discussed in the manuscript, the fact that in the Apollo photographs a relatively
low contrast was measured, I ′′/I ′ ≈ 11%, would imply that the reflection coefficient
is abnormally high, r1 ≈ r2 ≈ 0.33, much higher than the expected one based on
known data of the LM windows. It is clear that during the process of digitalization
and publication on the Internet, the contrast may have been modified, therefore, this
analysis is not conclusive.
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Let us now consider the presence inside the spaceship of a highly reflective object
that is illuminated by the exterior light. To simplify the notation we will use that
the coefficients of the 2 panels of the window are equal, that is, r1 = r2 and t1 = t2.
According to Fig. 1 the light reflected in the reflecting object, roI

′ (ro is the reflection
coefficient of the object), will partly be reflected in the inner panel and partly in the
outer panel, so that the main reflection gives

I ′o = rroI
′ (5)

while the second reflection
I ′′o = rt2roI

′ (6)

from where the ratio between image intensities is

I ′′o
I ′o

= t2 (7)

Comparing with (3) it is seen that, for an object inside the LM, the main image and its
double image have intensities much closer to each other than for an object outside the
LM, because in a transparent window it holds t >> r.

Even for the forward window of the LM which due to the applied surface treatment
has t ≈ 0.85, we get I ′′o /I

′
o ≈ 72%, while I ′′/I ′ ≈ 2.25%. This means that, in a double

pane window, it is much easier to observe a double image of an internal object than the
double image of an external object. Or also, that if the image of an internal object is
observed, then its double image will also be observed.

On the other hand, the intensity of the main image of the internal object with respect
to the intensity of the double image of the external object is

I ′o
I ′′

=
rroI

′

r2I ′
=

ro
r

(8)

As, in general, a transparent window has a low coefficient of reflection, while the opposite
occurs for a reflective object (that is, ro >> r) then I ′o >> I ′′. This means that the re-
flection of an highly reflective internal object is more intense than the second reflection of
an external object. For example, if we have an object with a high reflection coefficient in-
side the LM (and relatively close to the window) such as the photographer’s spacesuit, its
reflected image will have an intensity greater than that of the double image of an external
object. Using for the spacesuit ro = 0.85 (see https://www.history.com/news/lighting-
simulation-offers-more-proof-of-moon-landing -accessed Jan 30, 2020-) and for the win-
dow r = 0.15, the intensity of the photographer’s reflection would be almost 6 times
greater than that of the double image of an exterior object. Even the double reflection
of the photographer would have an intensity 4 times greater than the double image of
an external object. In summary, if a double image of an external object is observed
by double reflection in a two-panel window, the image (and even the double image) of
reflective objects that are inside the LM, should also be observed, in particular, the
astronaut’s suit. Any adjustment of intensity or contrast in the scanning process cannot
reverse this relationship.

2



Figure 1: A highly reflective object located inside the LM (for example, a spacesuit)
illuminated by the external light, I ′, will produce a double image reflection in the forward
window. The ratio between the second and primary images is I ′′o /I

′
o = t2, where t is the

transmission coefficient of a panel.

In Figs. 2 and 3 the case of a double window is shown where the only light source
is beyond the window. Objects that falls inside having a high coefficient of reflection
exhibit a double image, while the double image is absent for objects outside the window.
This confirms the above analysis, in the sense that the reflection of highly reflective
objects inside the LM and their respective double images should have intensities greater
than those of the double image of an external object. If, in any photograph, the latter
is observed then the previous ones should also be observed, regardless of the contrast
settings used in the scan.

In conclusion, the presence of a double shadow of the LM and, at the same time, the
absence of reflected images of inner objects is another proof that the double shadow in
the Apollo photographs are not produced by the double-panel forward window.
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Figure 2: Example of a double image produced by reflection. The source of light is
beyond the double-panel window. Outside objects does not exhibit double image because
the double image by transmission has a very low intensity. On the contrary, highly
reflective objects on the side of the photographer may be more intense than objects
beyond the window, see (8).
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Figure 3: Same effect as in Fig. 2. The double image of inner reflecting objects are
easily observed, while no double image are produced by external objects, as expected
according to (3), (7), and (8).
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