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In the last few years, we have become increasingly alarmed as a particularly silly
and damaging "urban myth" has begun to take hold. Promoted by a few well known
authors such as David Percy and the late James Collier, this latest twist on the current
"conspiracy nation" fad is based on a simple, if unbelievably naive and absurd notion --
that the Apollo Missions and subsequent Moon landings were faked. Admittedly, we
thought this whole issue was put quite nicely to rest in August 1997, when Enterprise
Mission principal investigator Richard C. Hoagland "debated" Collier on Art Bell's
"Coast to Coast AM" radio program. The results of that debate can only be described as
an unmitigated humiliation for Collier, who turned out to be totally out of his element and
misinformed on the general subjects of space travel, physics, engineering, NASA, and
Apollo itself.

Yet still, it rears its ugly head today. Even after Percy's Fortean Times article was
pretty much taken apart by readers, references to the "fake" landings began to creep into
popular culture, springing up in such diverse places as Jay Leno's "Tonight Show"
monologue and commercials featuring ESPN's Chris Berman. Usually, the references
were tongue-in-cheek, but when we heard that the Fox network was planning a full scale
special on the issue, we decided the time had come to say something.

Let us be clear; we are all uniformly, unabashedly, "conspiracy theorists" here.
We are 100-percent convinced that there has been a cover up by NASA of some
extraordinary discoveries made in the course of the agency's 40-year year history. That
said, one thing they did not do, unquestionably, was fake the Moon landings. In fact,
most of the charges made, not just by Collier and Percy, but by others who have picked
up the mantle of their assertions, are so absurd, so easily discredited, so lacking in any
kind of scientific analysis and just plain common sense that they give legitimate
conspiracy theories -- like ours -- a bad name. Frankly, we suspect that may ultimately be
the point of this whole thing after all.

Almost from the moment that Neil Armstrong and Buzz Aldrin set foot upon the
Moon at Tranquility Base, the rumors began that the whole thing was faked. We have
always felt that there was something a little more to this than simple stupidity or naiveté.
Something a bit insidious about the whole thing. We assumed that as time went by, the
notion would weaken and falter, rather then gain momentum as it has recently. We have
come to wonder, given our own stance on the whole question of what the Moon program
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was really about and what the astronauts really found, if there wasn't perhaps something a
bit "conspiratorial" about the promotion of this patently absurd and demonstrably false
conspiracy theory.

As you will see, some of these charges can actually be more easily explained not
just by a complete rejection of the Moon Hoax theory, but a combination of conventional
explanations and our own "glass ruins" model of the Moon. The way light scatters on the
Lunar surface; the size of solar reflections in the visors of the astronauts (which are way
out of proportion to their counterparts on modern day Space Shuttle missions); the
sometimes secretive stance taken by the astronauts and the Agency; the very peculiar
qualities of the film in the cameras taken to the Moon by the astronauts, all point to
something bigger and more interesting then we have been led to believe by NASA itself.
But, we suspect that the promotion of this particular idea -- that the Apollo astronauts
never went there at all! -- which is so easily discredited (as we will do below), is designed
to lessen the blow when revelations regarding what NASA has really found across the
Solar System begin to happen ... later this very year.

If NASA is eventually forced to admit that there was more to the Face on Mars
than meets the Eye, that maybe they missed something "the first three times around," or
that there is truly something "ancient and extraordinary on the Moon" ... then it will be
crucial to have thoroughly discredited the "conspiracy theorists" out there (read: us).
Remember, it is our position (and has been for some time), that this millennium cycle, the
2000-2001 period, is the beginning of an ongoing pattern of disclosure. Up to now, we
had assumed that this would come in a series of significant revelations; of outright
announcements that things are not quite what we had been led to believe. But now, we
suspect that there will simply be a series of much smaller releases -- like simply taking a
new image of the Face on Mars and releasing it without comment -- and pretending that
the "Eye" isn't there staring back at them. If enough people can be convinced by this
deliberate disinformation campaign that "there are no NASA conspiracies" -- by the
deliberate promotion and then effective debunking of obviously bad conspiracy theories
like "We Never Went To The Moon" -- then it will be much easier to sell the idea that
NASA "just missed a couple of things" on those Mars pics all those years ago. And
certain people, deeply implicated in the cover-up, will neatly escape the consequences for
their theft over more than forty years of our entire space program!

So this then appears to be the political agenda. We plan to "scotch this thing once
and for all" -- as a JPL spokesman was heard to say about the "Catbox" image of the Face
on Mars -- in order that we might make clear the differences between what we have
alleged, and the way that the powers-that-be would like you think about all things
conspiratorial.

In this article, we will try to sort out the most common claims being made,
highlight the rebuttal evidence, and show that the Moon landings were something quite
extraordinary after all. Some of the details concerning these issues are beyond the scope
of this article, however, and we plan to follow up with more specifics at a later date.

There are three major thrusts used by the fake landing advocates to bolster their
claim: first, that the radiation exposure suffered by the astronauts was not survivable;
second, that the photographic evidence "proves" that the landings were staged in a Disney
movie studio somewhere; and third, that the mechanical aspects of the mission -- the pure
mechanics and physics of the journey -- are not as claimed and therefore must be faked.



As you will see, each of these is based on misinterpretations, misrepresentations, or just
plain ignorance of the realities of space travel. It is not a coincidence that many of the
"believers" in this myth are too young to literally remember the Moon landings. If they
had been old enough to watch the actual missions, especially on live TV, they would
have known that most of these claims are poppycock. For this article, we will deal with
each of these claims in separate sections, and try to directly address the key sub-claims
being made.

Section One — The Photographic Evidence

Percy is one of the primary drivers of this particular set of claims, but Collier and
others have added to it. Let's list a few of the claims one-by-one and address them.

Issue 1 - The shadows don't fall right in images taken on the Lunar surface, proving
that there are are multiple light sources, like professional stage lighting using high-
powered lamps. Since the Moon has only one light source, the Sun, these images (these
people claim) "have to have been shot on a sound stage somewhere."

This one is usually based on images like the one above (taken from an Apollo 17
TV transmission), that seem to show the shadows of the astronauts coming from different
lighting sources. However, a logical approach to this problem reveals that there is nothing
at all mysterious about either the shadows or the light sources. If, in fact, the shadows
were cast by different light sources, wouldn't each astronaut have two shadows, instead of
just the one each we see here? Of course they would. Yet, in the images that the "Moon
Hoaxers" cite, there is consistently only one shadow being cast, indicating that the Sun is
(as it should be) the dominant light source.

So, how to explain the seemingly divergent shadows in this image? If you look
closely, you will see that the astronaut on the right is on a slight rise above the astronaut
on the left. This has not only the effect of lengthening his shadow, but also if the slope is
greater in one direction, say to the left of the astronaut on the right, it will tend to flow
and elongate in that direction.



It's important to keep in mind that the Moon has a very rough and uneven surface,
with lots of slopes, rises and potholes. As a result, many of the shadows will appear to be
non-parallel. Invariably, the Moon Hoax advocates will compare these lunar images to
flat, smooth terrestrial landscapes, like this one below from David Percy.

In a sense, the Moon Hoax advocates are correct here; there is no comparison to
be made from Lunar landscapes and terrestrial ones. But, it is because the surface of the
Moon is so uneven, not because there are multiple light sources, i.e. lamps, casting the
"wrong" shadows.

Also at issue is the photographic equipment used by the astronauts on the lunar surface.
Shortened wide-angle lenses, like the ones on the hand-held Hasseblad 70mm cameras
used by the astronauts, will distort otherwise parallel shadows. Simply pull some outdoor
photos from your own personal collection and see for yourself.



Apollo 12 astronaut Alan Bean with Hasselblad camera on the surface of the Moon.

Issue 2 - The foreground of many images of the astronauts on the Moon are filled in
with light, while the shadows remain absolutely black, again proving that there are
multiple light sources.



In this one, the argument is that with his back to the sun, the astronaut's suit
should be as dark as his own shadow stretching out in front of him (see Apollo 16 image,
above). Since there is no light diffusion in an absolute vacuum, NASA "must" have used
reflectors or "fill-in lamps" to illuminate the astronaut for this photograph. The truth is,
there is evidence of a "reflector" in this image -- but it is the lunar surface itself!
Obviously, the lunar surface is a fairly bright gray color. It is known, from the Apollo
samples brought back and analyzed in Houston, to contain a LOT of glass beads, with a
lot of reflective and refractive minerals in it. All of these materials tend to kick light
directly back toward the source of illumination with very high efficiency, in this case the
sun. This is one reason why the Full Moon is so much brighter (than other phases) in the
night sky; the sun is "behind" the Earth. The effect of the sunlight hitting the lunar
surface and being reflected back toward the sun itself creates a "backscatter" that fills in
the astronaut's bright white shadowed suit with excellent "fill-light." And the fact that the
shadow is so dark on the ground in front of him is proof of exactly the opposite of the
claim being made by the "Moon Hoaxer" crowd. It shows that indeed, the astronaut is
standing upright in a harsh vacuum, where his suit can "see" the illumination from the
surrounding lunar landscape. By stark contrast (pun intended ...), almost no light at all
has seeped into the shadow -- because it's lying flat on the ground and cannot "see"
anything but black space overhead! It is, as it should be, extremely dark and sharp.

Interestingly, as to the question of multiple light sources, some of the leading
debunkers of the Moon Hoax theory have also made a very significant mistake. It is flat
wrong, ,as many of them have stated, that the Earth is a "very significant" light source on
the Moon. When full, the Earth is on the order of 68.4 times brighter than a full Moon as



seen from Earth. It also takes up something like 13.5 times as much sky. But, that's not
the whole story.

The Earth is -- maximum -- 100 times the brightness of a Full Moon (we're going
to overestimate a bit to prove the point). The apparent magnitude (brightness) of a Full
Moon is about -13. The equivalent magnitude of the Sun is about -27. Subtracting, that's
a difference of 14 magnitudes. Since each 5 magnitudes corresponds to a factor of 100 in
brightness, a difference of 14 magnitudes corresponds to almost 100 X 100 X 100, or a
factor of a million! Allowing for the ~100 times greater reflected brightness of the Earth
(at "Full Earth"), the direct lunar sunlight is still ~100,000 times brighter than the Earth's
illumination.

There is NO WAY that the slide films used by the crews (even the "super film"
developed by EG&G, see below) could have detected that feeble "Earthlight" on the lunar
surface, even in the shadows, with exposures set for the sunlit view.

Of course, we have our own thoughts on this. Some of the debunkers must be
realizing that backscatter is insufficient to account for some of what we are seeing on the
lunar surface photography. To come up with an explanation, they have resorted to the
(obviously incorrect) "Earth light" angle; but it is of course, more interesting than that.
Read on.

Issue 3 - There are no stars in the background from pictures taken on the Moon.
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This one keeps coming up, but the answer, while obvious, is somewhat
complicated by our own lunar conspiracy theory. Usually, Moon Hoax advocates cite any
number of pictures of the lunar surface showing an absolute black background, but this
one above of John Young saluting the flag in front of the LM "Orion" is quite prevalent.
Anyone with the slightest knowledge of photography can easily put this one to rest. Any



brightly lit foreground object must be photographed with a very short exposure time.
Otherwise, the image will be badly overexposed. Any background pinpoint light sources -
- like, say, stars that are literally trillions of miles further away -- will not show up at all.
Likewise, if the photographer wants to capture the background stars, he is going to have
to use a very long exposure time, which means that the foreground will be totally washed
out in one blob of overexposed light. Obviously, there would be no real benefit to taking
such an image, since the point of the lunar surface photography was to document the
activities of the EVA's on the lunar surface -- not to stargaze.

This whole process is complicated by the fact that in a vacuum, the problem is
made even worse, the light far more intense, and the exposure must be even shorter. The
Moon Hoax advocates also seem to have forgotten that they are basing most of their
"analysis" on press release photos, which are invariably cleaned up before release to the
press. So of course, these sanitized press kit images would reflect what we all would
expect to see, an absolute black background.

Which brings us to our own thoughts on the Moon and lunar photography.

Contrary to what the Moon Hoax advocates have been saying, the sky above the
astronauts should be absolutely black. And in fact, on most of the prints that they have
been looking at, web based images, press release photos, and even new prints from the
archives, it is. The problem is that while the sky should be absolute black, and does
appear that way in images presented by by the Moon Hoax advocates, it most
demonstrably is not absolute black in the images examined by Enterprise Mission
investigators.

As you know, a few years ago Enterprise principal investigator Richard C.
Hoagland was approached by former NASA flight instructor Ken Johnston, Jr., and
supplied with a set of extraordinary first generation prints of Apollo lunar photography
which had remained untouched for nearly thirty years since he obtained them from inside
NASA. What these prints showed was quite another story -- that the sky above the
astronauts was far from blank -- it was in fact filled with a strange, bluish, geometric set
of ruins.
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So the problem is exactly the opposite of how it is stated by the Moon Hoax
advocates. The sky should be black, but it isn't.

One amusing sidelight of this Apollo 16 photograph is that it is used on several
web sites as "proof” that many of the pictures taken on the Moon are fake, since John
Young "... is casting no shadow at all!" on the lunar surface. In fact, all it really shows is
how dumb most of the Moon Hoax advocates really are. If you actually look at the
picture, you will see that Young is casting a shadow to the right side of the picture a few
feet away. How can this be? Why is the shadow not "attached" to young's feet?! Well,
because in this famous sequence, John Young is leaping into the air as he is saluting,
while Charley Duke snaps the photo. Many Moon Hoax advocates, too young to have
actually watched this all on live television, look at this picture and mistakenly believe
that Young is standing on the slight dome shaped rise in the background, when in fact he
is in midair (well, OK, mid-vacuum). This famous sequence is also a good way to show
that the astronauts are indeed in the one-sixth gravity of the Moon, since in order to get
this kind of elevation on Earth (especially with the bulky, several-hundred-pound
spacesuit and backpack on), Young would have to have the leaping ability of Michael



Jordan! For those interested, I can highly recommend the excellent NASA video series
"Apollo - Mission to the Moon" which shows film of this famous live TV sequence.

Issue 4 - In some images, a huge light source can be seen reflected in the astronaut's
visors. This has to be a very bright, nearby source.

Apollol7 Apollo 1

This argument is essentially a variation of the first argument. Occasional images,
like the ones above (taken from the Apollo 17 EVA TV transmissions and Apollo 14),
seem to show a very bright, huge light source taking up almost 25% of the astronauts
visor. Moon Hoax advocates argue that this is proof of a large light source (a stage flood
or a spot, again) positioned very close to the astronauts. What they are missing here is
essentially the same geometric problem they missed with the "bent shadows" argument.
As you can see from the previous image of Alan Bean (above), the gold-covered helmet
visors that the astronauts wore were very convex shapes -- similar to automotive wide-
angle side mirrors included on many current models (" Warning: objects may be closer
than they appear ..."). Like the surface shadows in the earlier images above, this curved
helmet has the effect of severely distorting the reflections, making them appear much
smaller (and thus farther away) than they actually are.

The problem: the sun, in the lunar helmet reflection pictured here, appears much
larger (and therefore closer!) than it possibly could. Our explanation for this remarkable
observation is firmly grounded in our investigation of the REAL conspiracy that NASA
has worked so hard, for over 40 years, to cover-up: the presence of ancient, glass-like
ruins on the Moon. It is these ruins, sticking up above the lunar horizon and physically
intervening between the low-angle sun and the Apollo astronauts roaming across the
surface, which create the magnified halo of scattered light seen in the gold visors. Since
this area of "forward scattering" is much larger than the optical size of the sun itself; it
makes the "reflection" appear disproportionately larger -- even in the curved gold visors -
- than the view of a similar reflection of the sun from Ed White's helmet, photographed in
Earth orbit on the Gemini 4 mission in 1965 (photographic comparison, below).



Helmet Reflection Comparisons

Ed White in Earth Orbit and Gene Cernan on the Moon

What's Wrong with the Sun's Reflection Compared to the Size of the Earth in Cernan's Helmet?
r

Issue 5 - There are no views of the Earth in pictures taken from the Moon.

This one also is just plain wrong. Collier was among the most enthusiastic
promoters of this mistaken notion, based on studying only a few press release
photographs from NASA. Below is an Apollo 17 picture (on the left) of a large boulder,
with the Earth in the background, taken by an astronaut with a hand held Hassleblad
70mm camera (the same camera which took the photograph of Gene Cernan, with the
flag and Earth, above). Below right is a hand-held 70mm Hasselblad picture taken by
Apollo 11 astronaut Michael Collins, as the Eagle approached the CSM for the return trip
home. Since all the non hand-held pictures taken on or at the Moon were using something
other than 70mm transparency film, these photos had to have been taken by a human
being -- an Apollo astronaut -- physically present either on the Lunar surface or in space
around the Moon.



Issue 6 - How could NASA take TV images of the LM ascending on Apollo 15, 16, and
17 if there was no one on the Lunar surface to man the camera?

Now, most of these charges are pretty dumb, but this one really has to take the
cake. As you can see from the collection of images above (from two different missions)
on the later Apollo missions (15-17) the astronauts left the TV camera pointed at the LM
so that viewers on Earth could watch the liftoff. Initially, the camera was unable to track
the ascent stage as it rose into space, but by Apollo 17, NASA had figured a way to get
the camera to track upward and follow the spacecraft. So the answer to this one is also
simple and obvious -- the camera was remotely controlled from Earth.

Section Two — The Mechanical Arguments
Most of these claims come from James Collier's "Was it only a paper Moon?"

Issue 1 - The astronauts could not have egressed and ingressed the LM because they
could not fit through the hatch and there was no room to even open the hatch in the
LM.



It's hard to know just how to respond to this one beyond simply stating that it is
wrong. As you can see from the artist's concept below, the astronauts were positioned on
either side of the central cockpit panel, with the main EVA door between them. There
was in fact plenty of room to open the hatch. On Apollo 11, Armstrong would have been
manning the left position in this view and Aldrin the right. The door was latched to
Aldrin's side, necessitating that the door be swung open inward, and effectively
"trapping" Aldrin momentarily on his side of the LM. In fact, this is the main reason that
Armstrong egressed first. Once he was out, Aldrin was able to close the hatch, move over
to Armstrong's position, and exit himself.

LEM COCKPIT INTERIOR

As to the issue of whether the astronauts could fit through the hatch, as you can
see below, they must have. This is an image taken from a film shot by Armstrong of
Aldrin egressing the Lunar Module. The entire sequence is available from the NASA
archives, and shows the whole procedure from start to finish, including Aldrin opening
the hatch and crawling through it.



Furthermore, if it turns out that the astronauts could not fit through the hatch, this
will come as quite a shock to our friend and contributor Ken Johnston, Jr. He spent many
hours in the vacuum chamber at Houston, fully suited up including the backpack,
crawling in and out of the full scale mockup of the LM, to test exactly that. He'll be very
upset to learn that he wasted all that sweat for nothing.

Issue 2 - The Lunar Rover was too big to fit in the LM.
Well, this is strictly true if you take the measurements of the Rover when it was

fully deployed and assembled. However, the Rover came packed into a very tight little
package which fit neatly into the space provided in the LM.
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When the astronauts got the Rover out, all they had to do was pull on two nylon
cords and the Rover popped right out of its berth and down to the lunar surface. As it did
so, the wheels, which were folded over (as you can see in the photograph above)
deployed outward and were then locked into position. The main purveyor of this claim
that the Rover was too big to fit into the LM is Collier, who took his measurements by
going to the Johnson Space Center (where there is a full scale mockup of the Rover in it's
deployed configuration) and then compared those numbers to the containment bay on the
LM. Anybody with a rudimentary knowledge of engineering could have figured this one
out -- simply by looking at the hinges which allowed the wheels to fold out when
deployed (there are no "tires" -- they are very cool wire mesh construction). This whole
aspect of the controversy could have been avoided by a trip to the film archives or
viewing the video series mentioned before, Apollo - Mission to the Moon. Both have
footage from the Apollo missions showing the astronauts actually deploying the

unfolding Rover on the Moon.

Issue 3 - The astronauts could not get from the Command module to the Lunar module

with their space suits and pack on.



Again, strictly true. They never did go from the CSM to the LM and back with
their packs on for one very good reason -- they didn't have to. The packs were stored in
the LM the whole time. Beyond that, they did not wear their packs at all until they
actually went out on their EVA's. As you can see from the LM cockpit interior concept
above, this was always the intention. In fact, and image taken by Armstrong of Aldrin
right after touchdown shows this was indeed the case.

Issue 4 - There can't be any pictures taken on the Moon because the film would melt in
the 250° temperatures.

Any normal film exposed to 250° would indeed melt at that temperature. There
are only two problems with this Moon Hoax claim -- this was no ordinary "Ektachrome"
film, and it was never exposed to those kind of temperatures in the cameras.

The 70mm film used in the Hasselblad cameras the astronauts carried was a very
special transparency film designed specifically (under a NASA contract) for hostile
environments like the Moon. According to Peter Vimislik at Kodak, the film would at
worst begin to soften at 200° F, and would not melt until it reached at least 500° F. So, a
worst case scenario of 250-280° F for a totally uninsulated, non-reflective camera would
still be well within the film's operational parameters. The film itself, in terms of its light-
gathering abilities, was also quite amazing (in striking contrast to the uninformed claims
of the debunkers). It was a special "extended range color slide film" called "XRC," that
allowed the astronauts to take perfect "National Geographic" quality pictures on the lunar
surface, even though they were hardly experienced photographers. This has truly opened



up whole web pages of controversy -- with the Moon Hoaxers claiming that such a film
simply doesn't exist! In fact, Enterprise Principal investigator Richard C. Hoagland
actually used many rolls of this "super lunar film," back when he was advising Walter
Cronkite at CBS. His personal story of the film's development, its inventor, and how
NASA cleverely hid its very development from everyone, will be detailed in a future
segment of this series. Suffice it to say that more than thirty years after the first manned
lunar mission, many of the features of this amazing film are only now finding their way
into the commercially-available color emulsions used in today's modern day 35mm and
70mm non-digital cameras

As you can see from the image of Alan Bean above, the cameras were also
protected inside a special case designed to keep them cool. Although it is true that in the
direct, airless sunlight the temperature can reach upwards of 250° - 280° Fahrenheit,
precisely because there is no air, it's fairly easy to keep cool. The situation is a lot
different than in your oven, for instance. With no convection or conduction, the only type
of heat that is of concern is radiative. The best way to reflect radiative heat is to wrap the
object (like a camera or person) in layers designed to reflect as much heat as possible,
usually by simply being white. As you can see from the images above, most all of the
astronaut's clothing and the camera casing were indeed white, which very efficiently
directed heat away from the both the astronauts and camera film.

Issue 5 - The LM engine was very powerful. How come it did not leave a crater below
the spacecraft? Why didn't it kick up any dust when it landed?

The truth here is once again very straightforward. At all of the landing sites, the
astronauts found that the Lunar surface had about a two inch layer of dust. Below that
was pretty much hard pan. As you can see from the image below from Apollo 11, not
only is the upper layer of dust blown away in a radial pattern (as if from a thruster?) there
is also a small depression below the nozzle. Since the LM descent engine only made
about 3,000 pounds of thrust (compared to a modern jet fighter which makes between
18,000 and 22,000 pounds of thrust), this is pretty much as any engineer or geologist
would expect things to look.



And, as this picture from Apollo 12 shows (below), the LM did leave a strikingly
clear, "discolored" ground track (when photographed at right angles to the sun) as it
descended to it's final resting place across the Lunar surface.




And what of the charge that no dust was kicked up by the LM as it descended?
Again, we'd recommend any of the fine NASA videos on the Apollo program. They show
that in each and every case, the LM did indeed create a literally blinding swirl of dust
blown radially outward from under the descending LM, as it groped its way down,
balanced on its 3000-1b thrust engine, to it's final lunar resting place. You simply have to
be willing to find the films and watch them.

Section Three — The Radiation Arguments

Issue 1 - The astronauts could not have survived the trip because of exposure to
radiation from the Van Allen belts and other sources.

Actually, of all the issues put forth by the Moon Hoax advocates, this is the one
that requires the most digging into. The Van Allen radiation belts are a pair of toroidal-
shaped belts of high-energy electrons and ions trapped in the Earth's magnetic field. The
inner region is centered at about 3000 km above Earth and has a thickness of about 5000
km. The outer region is centered at about 15,000 -- 20,000 km above the surface of the
Earth and has a thickness of 6,000 -- 10,000 km. As you can see from the extract below,
the radiation in the belts was of some concern to the scientists working on the problem.
However, they actually considered a rogue solar flare to be a much bigger problem.



RADIATION PLAN FOR THE APOLLO LUNAR MISSION

Jerry L. Modiectte, Manuel D. Lopez, and Joseph W. Sayder
Bpace Fhysics Division
NAEA Manned Spacecraft Center

Abstract

The radiation protection plan for the Apollo Pro-
gra= is based os real=time monitoring of solar sc=
tivity and radfation In the spacecraft to provide
dats en vhich to base estimates of the redinticn to
be expected. The or rediation hazard is from so-
1ar flare part{cle évents, which are unlikely to
cecur during any given mienion. The seaitoring sys-
tes, consisting of onboard dosizeters and the Solar
Particle Alert Network, provides early warning

cbservation of solar flares and the associ-
ated radio bursts and a continual updating of the
radiation pleture as particles arrive at the space-
eraft. Prediction eriteria have been develnped
wvhich are progressively revipsed ss more data are
received, with & correapending reductiba in the
error limits on the prediction of radiation dose.

The criterim are initially based on the cnergy in
the radio burst, with flare elassification, location
oo the sun, delay time between the flere and parti-
ele arrival at the spacecraft, and particle flux
measurements factored in as data become available.

Introduction

Spoce rodiation was brought %o public attention
pe ome of the unique problems of manned space fiight
when the Yan Alles belts were discovered in 1558.

At approximately the saze time, researchers began to
recognize that various lonospherie and solar dis-
turbances vhich had been cbserved for many years
vere napects of & greater phenosenon, the saler
flare particle event, Although early conservative
eatimates indicated that radiation would be a major
problem, ochservations from the ground and from
spacecraft have demcnstrated that the space redia-
ticn hazard ig onc of the lzsser englnsering prob-
le=a t5 be Gvercome 1n SpEcecraft design and =ission
planning. Flux E&ps 6f the Vam Allen belts have be-
“come available, solar flare particle events have
been pubJected to Intensive statistical analyses,
end techniques have been developed to calculate ra-
distion doses behind complex spacecraft structures,
¥an Allen belt redlation doses can beo kept small by
use of low-mltitude orbits or by rapid sovement
through the belts. Only the very large (and conse-

quently very rare) solar flaré particle cvents con--

stitute & hazard for scderately shielded spacecraft.

Mso, sceondnry radiation ia ret significant for

such spacecraft. f;:.- j-f*! P f"?"{;’

@ The rediatica plan for the Apollo lusar mission
calls for IoW-altitudé S&rth OXSIte and rapid tran-
sit to the moon %o keep the Van Allen belt radiation
d55¢ below 1 rad. HMost of the radiation protesticn
Bctivity is directed towards providing protection
against =ejor solar flare particle events vhich
alght oeeur while astronsuts are in the lunar sodule
or on the lunar surface. The events, vhich start at
the sun, are detscted by ground-based instrumenta-
tion and sare measurcd at the spacecraft by desim
gtern and particle spectrometers. A prognosis of
she radiation dose ls prepared and comtinunlly up=

mismnal mece lallizuve amieesim

“salated akin dose by integrating the current from a

a console in the Mission Control Center. Dose esti-
oates are then provided for the use of the sedical
officer, vho advises the Fligat Director of the ra-
diation effects to be expected.

EBenl-Time Data Systess

Onboard Radiation Monitors
The cnboard radiation monltors measure bath dose
and particle fiux and spectra. Each astrossut car-

Ties a periopal dosiseter vhich measures the sccu-

thinly shielded l0-cubic-centimeter ion chasber.

The read-out {= oade by the astronaut from s digital
register on the dosimeter (Pig. 1). Tvo additional
ion chasvers inm the Apollo command =odule provide
readicgs which are telemctered to the ground and fed
into the date system st the Mission Control Center |
vhere the date are avallable for video displsy, Ome |
{on chenper measures skin dese; the other is shielded |
80 that it measures the dose thal would be recedived
ai & body depth of 5 centizeters. The depth dose is
significant only for the relatively hard spectrum of
Van Allen belt particles; therefore, this dosim-
etor is called the Vam Alles belt dosimeter (VABD)
(Pig. 2). A portable cse rete meter (Fig. 3] is to
be carried into the lunar module and onto the lunar
surface.

Comparison of the dose behind the two differeat
shield thicknesses of the VABD gives mn indication
of the particle spectrum. More detailed spectral
information snd discrisinetics between profons and
alphs particles are provided by a solid-siate spec-
trometes mounted on the Apcllo servige module, Data
from the particle spectroaeter (Fig. 4} are also
telemetered to the Mission Control Ceater whers the
data are used for the calowlatlon of doses in the
command module, lunar module, and space suite, The
dope calculations are oade automaticelly and are
read out on the video dats display {Table I). The
relative blolegieal effectivencss (RBE) of the pro=-
tons and alpha particles as functions of energy ls
introduced into the dose calculations so that the
doses are given in re=.

Solar Particle Alert Hetwork

The Solar Particle Alert Setwork [(SFAN) (Fig. 5)
aonitors solar flares and associnted redio eaissicns
on & 2i-Hour BAALE. The solar flares are cbserved
with optical telescopes oquipped with rilters that
transzit & 1/2-angstirom band sbout the Ha line.
Time of occurence, aren, and location of the flare
are determined by SPAN cbpervers and are teletyped
to the Missica Contrel Center vhere the data are in-
corporated into the estimate of ihe part fcle event
size, Redio emissions nascciated with the fleres
are obeerved at 1N20, 2655, and U555 megaherii. The
radio burst prefile for each frequency is elso tele=
typed o the Mission Control Center. In mpproxi-
sately 2 years of operation, SPAN has obmerved
S@veral NMundred Tlares and radio burste. Dala from
BPAN are nug=ented by date from the solar asd lono-
apheric mwonitoring systems opérated by the Environ-
mental Science Services Admipistration and the Alr

memunes JmiwauT.

In fact, as stated in this official government report, the scientists working on the

problem of Van Allen radiation considered it to be minor compared to other design
hurdles to be conquered. Their solution was simple -- avoid exposure by keeping the
spacecraft at low Earth orbit altitudes while in parking orbits and then send it through the



belts at high speed. The eventual escape speed, some 25,000 miles per hour, would have
passed them through the belts in less than an hour, keeping their dose well below 1 rad.
There was a modicum of shielding from the equipment, but in the end this was not
necessary as the extraordinary transition speed kept the dose below harmful limits -- both
going to and returning from the Moon.

As to the issue of solar flares and the danger they presented, there simply weren't
any major ones during any of the Apollo missions. So the biggest reason that none of the
astronauts died from their radiation exposure was that they simply did not get a bad dose
to speak of. Readers wanting more information on this issue should read NASA
Technical Notes - NASA TN D-7080, Apollo Experience Report - Protection Against
Radiation by Robt. English, Richard E. Benson, J. Bailey, and C. Brown, --Manned
Spacecraft Center, Houston, March, 1973.
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