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From the editor
For me, one of the most memorable Moon-related highlights of
2007 were those magnificent high resolution video images of the
Earth rising above the lunar limb, obtained by the Japanese
space probe Kaguya. 2008 will see the continuation of a new and
exciting phase of lunar exploration as yet more space probes
study our satellite from orbit. 

This issue features some spectacular lunar images from long-
standing section member Mike Brown, plus lunar observational
drawings by two of the section’s newest members, Dale Holt and
Sally Russell. We also have a great article by Geoff Burt outlin-
ing those mysterious events known as TLP (transient lunar phe-
nomena) whose reality and possible causes has baffled
astronomers for centuries.

Peter Grego
Editor, Luna

Director, SPA Lunar Section
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China recently announced that
it plans to chart ‘every inch’of
the lunar surface as part of its
ambitious and ever-expanding
programme of space explo-
ration. Furthermore, the CNSA
(Chinese National Space
Administration) was keen to
promote China’s off-Earth com-
mercial interests, noting that it
is likely that the Moon’s
resources will be hugely
exploited in the future, primari-
ly to generate much-needed
energy.

On the Chinese government
approved ChinaNews.com
website, Ouyang Ziyuan (head
of the first phase of lunar explo-
ration) described plans to con-
struct a complete and detailed
three dimensional map of the
Moon’s surface. Ziyuan also
outlined plans to exploit the
enormous quantities of helium-
3 which are thought to exist in
lunar soil. 

“There are altogether 15
tonnes of helium-3 on the Earth,
while on the Moon, the total
amount of Helium-3 can reach
one to five million tonnes,” he
said. “Helium-3 is considered
as a long-term, stable, safe,
clean and cheap material for
human beings to get nuclear
energy through controllable
nuclear fusion. If we human
beings can finally use such
energy material to generate
electricity, then China might
need 10 tonnes of helium-3
every year and in the world,

about 100 tonnes of
helium-3 will be
needed every year.”

China’s lunar
exploration pro-
gramme comprises
three phases —
lunar orbit, lunar
landing and return-
ing samples to the
Earth. The first
space probe to meet
phase one, Chang’e-
1 (named after the
Chinese goddess of
the Moon) was
launched on 24
October 2007, enter-
ing orbit on 5
November; the
probe’s first image of the Moon
was returned on 26 November.
Chang’e-1 has four science
objectives:

To obtain 3-dimensional
imagery of the Moon’s surface
from its 200 km high circular
lunar orbit.

To detect the distribution of 14
different chemical elements on
the lunar surface.

To probe the depth of lunar
soil, or regolith.

To explore the cislunar space
environment.

To perform these tasks,
Chang’e-1 carries six payloads,
including a total of 25 devices
arranged in eight instruments.
They include an optical imag-
ing system, CCD imager, spec-
trometer, laser altimeter,
gamma/X-Ray spectrometers,

microwave detector, space
environment monitoring sys-
tem, high-energy solar particle
detector, low-energy ion detec-
tor.

Among these instruments, the
CCD optical system will use a
series of three 2-dimensional
original images of a target area,
taken before, during and after
flyover of the spacecraft, to
reconfigure a 3-dimensional
image of the lunar surface. This
demands a higher accuracy in
attitude control and orbital
determination. 

Phase two of China’s lunar
plans will see a robotic Moon
rover in 2010 which will
‘meticulously’ survey its land-
ing site. A phase three sample-
return mission may take place
in 2012.

NEWSNEWS ofof the the MOONMOON
A roundup of recent Moon-related news stories and happenings

China’s phased Moon plans Cartoon from Xinhuashowing
both Chang’es plus Moon rabbit.
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The Japanese Space Agency
(JAXA) has successfully orbit-
ed a space probe around the
Moon in a mission which is
focusing on uncovering the
mysteries of the origin and his-
tory of our nearest neighbour.
The probe will also help lay the
groundwork for an onslaught of
upcoming lunar missions. 

Officially named Selene (the
Selenological and Engineering
Explorer), the probe is the first
of four lunar explorers set to be
orbiting the Moon during 2008;
in addition to China’s Chang’e-
1, probes from India and the
United States will soon join it in
lunar orbit. 

Japan’s lunar orbiter was nick-
named Kaguya after thousands
of suggestions were submitted
to JAXA by members of the
public. The probe was named
after a character in a popular
ancient Japanese folktale and is
Japan’s first probe to visit the
Moon since a technology
demonstrator crashed into the
surface in 1993. 

Kaguya (Selene) carries two
smaller satellites stowed aboard
for the trip and they will be
deployed at different points dur-
ing the orbital manoeuvres.
Called RSAT and VRAD, the
eight-sided satellites will work
in tandem with the orbiter to
probe the gravity fields on the
Moon’s far side for the first
time. The small craft will also
help study the lunar ionosphere
by observing radio interference.
At least ten months of science
activities are scheduled for the
probe, but the mission is likely
to be extended if the spacecraft
is fully operational after that
time.

One of the principal mission
goals is to gain detailed maps of
mineral concentrations across
the Moon which could be used
to corroborate theories that
material was splashed out from
the Earth to form the Moon fol-
lowing the collision of a Mars-
sized object crashed into the
planet about 4.5 billion years
ago.

On board the craft is a high
definition camera which will
record video clips of the lunar
surface from its 100 km high
orbit (a high resolution still
from one of these clips, show-
ing Earthrise, features above).
The camera has a telephoto lens
to provide both wide angle and
zoomed in imagery and was
supplied by the Japanese broad-
caster NHK who will use the
imagery for use in public rela-
tions events. Other cameras on
Kaguya will provide global
coverage of the Moon in three
dimensional stereo imagery —
a first for a lunar orbiter.

Kaguya’s radar sounder will
pierce the Moon’s soil to help
create a map of the lunar sub-
surface to a depth of several
kilometres. A laser altimeter
will also precisely measure the
Moon’s topography. 

To view some of Kaguya's
amazing images, point your
browser to: http://www.jaxa.jp/
press/2007/11/20071107_kaguy
a_e.html

Amazing images
fr om Japan’s
lunar orbiter
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In the next few decades, the
Moon will be an exciting place
upon which to live and work, if
some of the proposals currently
under study by the NASA
Institute for Advanced
Concepts (NIAC) become reali-
ty. The deepest reaches of space
might be under the scrutiny of
giant liquid-mirror telescopes
(LMTs) set up at the Moon’s
south pole; lunar bases may be
protected by elaborate electro-
static radiation shields, and
mighty lunar elevators may be
capable of ferrying material off
the Moon extremely cheaply
and efficiently. These are just
three of the NIAC proposals
whose studies are nearing com-
pletion.

Roger Angel, an astronomer at
the University of Arizona in the
United States, is working on the
concept of enormous liquid-
mirror telescopes on the Moon
that could be many orders of
magnitude more sensitive than
the Hubble Space Telescope.
Using a rotating dish of reflec-
tive liquid as its primary mirror,
Angel’s 20 metre telescope
would be the largest single-mir-
ror telescope ever built and
would enable astronomers to
study the oldest and most dis-
tant objects in the Universe,
including the very first stars.

LMTs are not a new concept
— Isaac Newton stated that a

spinning liquid would assume a
parabolic shape, and small
working models were made
around a century ago. The third
largest optical telescope in
North America — the 8 metre
Large Zenith Telescope in
British Columbia, Canada — is
an LMT. The advantage of
building such instruments on
the Moon is the low lunar grav-
ity and lack of atmosphere,
allowing truly gigantic LMTs to
be constructed. They are also
relatively cheap to build; LMTs
cost 10 to 20 times less to build
than polished aluminum mirrors
of similar size, and even the
largest liquid mirrors don’t
require the sophisticated sup-
port structures that are needed

to prevent solid ones from sag-
ging under their own weight.

Although the final cost of the
lunar LMT is yet to be deter-
mined, a 20-metre instrument
would likely represent a bargain
compared to the James Webb
Space Telescope (Webb is
expected to have a final price
tag of $4.5 billion). 

There are many advantages to
building a deep-space telescope
on the Moon. A lunar LMT
would be free from atmospheric
distortion. LMTs perform as
well at at visible wavelengths,
but they do even better in the
infrared (like Webb). The
biggest challenge facing Angel
and his team is to hit upon the
right reflective liquids to use.

Putting a
spin on the
futur e of

lunar
exploration

Artist’s concept of a ‘small’(20-metre diameter) liquid-mirror
telescope deployed at the Moon’s south pole. An astronaut is shown

on the left for scale. The mirror is the disk-shaped object shown
inside the telescope shroud. The mirror is made of a reflective liq-
uid, and rotates at a uniform rate. In the same way that coffee piles
up against the side of a cup when stirred, the mirror liquid piles up

against the side of its container when rotated. The rotation, in
combination with lunar gravity, gives the mirror an extremely pre-

cise curvature to focus light onto the detector. 
Image Credit: University of Arizona / Dr. Roger J. Angel.
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Mike notes: The Pitatus area image does
show some detail, even something inside
the inner ring of Hesiodus A which I’ve
never noticed before.

Editor replies: Hesiodus A is one of the
best preserved ‘nested’ concentric craters
on the Moon (other examples include
Taruntius and Marth). You’re right to note
the peculiar thing (what looks like a dou-
ble hill) inside the inner ring of Hesiodus
A. Like you, I wasn't aware of these fea-
tures, so I checked and find that the
Clementine probe recorded several fea-
tures of low relief at the centre of the
crater (shown here at left).



December 2007           Luna, Journal of the SPA Lunar Section           Number 59           Page 7 

Mike notes: In the Rupes Recta
image (above) the lighting is
pretty similar to my 15
September 2006 image, but
sunset is not quite as advanced
so some of the craterlets are
not visible. However the trench
from Rupes Recta to the sur-
rounds of Arzachel is still visible
although not quite as clearly.
I'm still pondering as to what
may have caused it — it gives

me the impression that it could be the trail of a huge boulder coming in at a very shallow
angle but there doesn't seem to be any trace of where it has actually ‘touched down’.

Editor replies: Your image of the Rupes Recta area is magnificent and captures tons of detail,
including as you say the faint ditch which you discovered (above, a close-up of the ditch and
its apparent extension to the west, arrowed, as captured by Mike on 15 September 2006).
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Mike notes: Now attached an image from 3 September
2007. The Deslandres image is interesting for the wide
variety of formations. I wonder what the odds were for
the impact on the central mountain of Regiomontanus?
Pretty long I would guess.

Editor replies: The odds were for an impact on the
central mountain of Regiomontanus are very good
actually, but I am being pedantic. The odds get longer
as the size of the impact increases, from a certainty
(small impacts) to very long odds. I am not sure about
the mechanics of impact on features like mountains,
but assuming they are solid bedrock and the mountain
withstands the impact, the crater would retain the
appearances of a typical impact crater. One of the
most famous impacts on a mountain is St George
crater near the foot of Mount Hadley Delta, visited by
Apollo 15.
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Mike notes: Moretus and the
South Polar Area always
reminds me of just how inhos-
pitable the Moon is — due to
the foreshortening of the craters
which really only emphasise the
crater wall structure with not
much of the floors being visible
which of course leads to a very
high contrast image.

Editor notes: A composite view
from the Clementine space
probe shows how crowded this
area actually is. Moretus is the
large crater at the 12 o’clock
position, the northern rim of
which is cut off by the boundary.
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Mike notes: I'm particularly pleased
with Aristarchus image (above)
showing the extensive rille systems
and minor mountain formations
which I don't think I've captured so
well before. 

Editor replies: And by way of com-
parison, here’s another image of
the same features by Mike, show-
ing an early morning illumination of
the Aristarchus plateau on 3
November 2006, taking in a smaller
area. The difference in appearance
between early morning and late
afternoon is rather striking; note
how prominent Aristarchus’ radial
impact sculpting appears above.
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Mike notes: The Schickard image
shows the craterlets largely as
small black ‘elongated dots’
because of the very acute angle of
the Sun.

Editor replies: Your Schickard
image is very interesting — I have
rarely seen it illuminated by a low
evening Sun, and have never
made an observational drawing of
it feature at this illumination. There
appears, superficially at least, to be
traces of an inner ring, but this is
doubtless an optical illusion by
'joining the dots' (combined with
tonal variation on the floor). A por-
tion of LAC 110, showing
Schickard, features at right.
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Transient Lunar Phenomena
(TLP) have been reported for
centuries but have rarely been
in favour with the scientific
community, which has often
regarded them with suspicion.
Many hundreds of TLP obser-
vations have been logged and
continue to be reported,
describing strange lights, shad-
ows, colourations and obscura-
tions of lunar features.
Duration ranges from a split
second up to hours, with an
average around twenty minutes.

My own chance TLP observa-
tion1, of a mysterious bright
spot in deep shadow inside the
prominent crater Copernicus,
compelled me to set off along a
fascinating trail of research,
including a visit to Selsey one
bright summer morning for a
chat over coffee with Sir Patrick
Moore. It was Sir Patrick who
first coined the term ‘Transient
Lunar Phenomena’about 50
years ago to describe these
fleeting aberrations in the
appearance of the Moon’s sur-
face, but lest you feel that all
this should be consigned to the
outer limits of astronomy forth-
with, allow me to explain.

Imagine that you’re planning
to observe a lunar eclipse. The
event is predicted, publicized
and discussed well in advance.
You know what is going to hap-
pen, where and when.
Countless people will simulta-
neously observe and record the
event, many with no more than
a casual interest in astronomy.
TLP are quite a different matter.
They are by nature ephemeral,

unpredictable and difficult to
analyse, hence the scientific
reluctance to study them. Yet
the steadily growing number of
TLP reported over the years,
sometimes by experienced and
distinguished astronomers,
leaves little doubt that some-
thing unusual is going on.

For example, in 1892 the
famous observational
astronomer E E Barnard report-
ed a ‘pale luminous haze’in the
crater Thales whilst the sur-
rounding area remained in
sharp focus. In 1958 at the
Crimean Astrophysical
Observatory, N A Kozyrev
recorded a red colouration in
Alphonsus and also obtained
spectrographs. There is some
uncertainty about his interpreta-
tions but suffice it to say, some
sort of lunar event did occur.
More recently, in 1992, A C
Dollfus of the Paris
Observatory took polarized
CCD images of strange dust
clouds in Langrenus which he
observed over a period of sever-
al days.

Such apparent activity is of
course at variance with our cur-

rent knowledge that the Moon
is geologically dead. It has cer-
tainly suffered a violent past,
pummelled by meteoroid bom-
bardment and convulsed by vol-
canic upheaval during its early
history, but now the situation
appears very different indeed.
Since the advent of the
telescope, astronomers have
concluded that the Moon has
been inactive for aeons.

So are TLP observations
describing real events or are
they just misinterpretations?
The answer is probably both. A
lot of observations do turn out
to be misinterpretations of
atmospheric, optical or illumi-
nation effects. Proper research
should therefore filter out less
reliable reports, which means
methodical study of a whole
range of factors including solar
altitude, libration, tidal forces,
solar weather, the Moon’s alti-
tude, seeing conditions, equip-
ment used and even the observ-
er’s level of experience.

Despite the abundance of his-
torical reports, no TLP research
was done prior to the 1950s but
the coming of the Space Age

Transient Lunar Phenomena
By Geoff Bur t

Apparent anomaly observed in Copernicus by the author on 5 June
2006 at 21:30 UT(left) compared with a photograph from the

Consolidated Lunar Atlas taken at roughly the same illumination.
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changed all that. In the 1960s,
TLP enjoyed a rare incursion
into scientific research when
NASA commissioned the com-
pilation of a catalogue of TLP
reports2 dating back to mediae-
val times. The purpose was to
determine whether there was
any potential threat to the
Apollo missions and if there
were any volatiles present that
could become useful lunar
resources. The NASAcatalogue
was subsequently updated in
19783 and an analytical report
published4 although doubtful
observations were not filtered
out. A word of caution is need-
ed here that during Apollo more
observers than ever before
turned their attention to the
Moon and sure enough, there
was a flood of TLP reports —
mostly spurious!

Since the Apollo era, the
majority of TLP research has
been the province of amateur
astronomers and organisations,
notably the British
Astronomical Association5 and
the Association of Lunar and
Planetary Observers6. Both
organisations maintain up-to-
date TLP databases, report reg-
ularly on the latest observations
and run a joint observation pro-
gram7. After a report is
received, the primary objective
is to make further observations
at repeat illumination opportu-
nities in an attempt to replicate
and explain the original obser-
vation. Each year a few more
reports survive scrutiny and are
catalogued, adding to the grow-
ing body of evidence.

To date, there are no conclu-
sive photographs of TLP but the
illustration (see page 15)
attempts to give an impression,

based on a report from the
1950s, when a ‘blue twilight’
was seen in Copernicus.
Research has shown that the
phenomenon is not random and
events often occur along mare
boundaries and in places abun-
dant in rille features. There are
also a small number of ‘hot
spots’ associated with TLP
activity. The Aristarchus
plateau accounts for about a
third of all reports, with many
others observed in Plato,
Grimaldi, Kepler, Copernicus
and Tycho. Misinterpretations
aside, various hypotheses have
been proposed to explain gen-
uine TLP activity although
exhaustive descriptions are
beyond the scope of this article.

Impacts by meteoroids, even
by the occasional space probe

such as SMART-1 in 2006, can
create visible flashes of light,
especially if the impacts occur
on the earthshine part of the
lunar surface. CCD video
images were made of lunar
impact flashes in earthshine
during the Leonid meteor show-
er of 1999. The bigger and
faster the impacting object the
greater the kinetic energy,
therefore a detectable flash of
light is more likely; 1/2mv2 and
so on! Impact flashes are very
brief, perhaps lasting less than
0.1 of a second, and in most
cases an observer would need to
be looking at precisely the right
spot at exactly the right moment
to spot one. However, if an
impact occurred near the termi-
nator the cloud of dust kicked
up could be illuminated and

Clementine multispectral mosaic of the Aristarchus plateau, one of
the most diverse and interesting areas on the Moon, and prone to

TLP activity. About 500 Clementine images acquired through three
spectral filters were combined into this colour-ratio composite.

Color ratios cancel out the dominant brightness variations in the
scene, which are caused by albedo variations and topographic

shading, thus isolating the color differences related to composition
or mineralogy. Image: NASA.



Page 14           Luna, Journal of the SPA Lunar Section           Number 59           December 2007 

become visible, even though the
initial impact was not detected.

The inherent problem with
dust clouds raised by
impacts is that in the air-
less lunar environment
the dust particles
would be expected
to follow ballistic
trajectories and
soon settle. The
solution might be
found in electrostat-
ic processes, where
dust particles become
ionized with like
charge and are repelled
from each other, allowing
them to remain aloft for
longer periods. Impact shock
and solar radiation might
induce ionization but to what
degree is not certain, although
many TLP observations do
occur around lunar dawn.

The current favoured hypothe-
sis is outgassing, a known
process on Earth. Radon, result-
ing from the ongoing radioac-
tive decay of radium, is thought
to seep up from deep below the
lunar surface and collect in
pockets or fissures within the
lunar bedrock. The gas is emit-
ted from time to time, erupting
through the regolith and raising
clouds of dust off the surface
over areas perhaps spanning
several kilometres. Emissions
are possibly triggered by moon-
quakes, far gentler than their
terrestrial counterparts, induced
by tidal forces when the Moon
is at or near perigee. Note that
the tidal force exerted by the
Earth on the Moon is at least six
times that of the Moon on the
Earth. Significantly, research
does suggest a link between
TLP events and perigee. If a gas

emission occurred on or near
the terminator, a cloud of dust
particles could be lifted out of
shadow and into sunlight. If the
surface were illuminated from a
higher angle, the cloud would
manifest as an obscuration of
local features.

A single cause may not be suf-
ficient to completely explain
TLP activity and it is worth-
while considering that interac-
tion may occur between impact
events, electrostatic effects and
gas emission. For example, gas
might be released by the shock
of an impact and induce electro-
static charge in the resulting
dust cloud.

New TLP research is currently
underway at the Cerro Tololo

Interamerican Observatory,
located at an altitude of

well over 2000 metres
in the Chilean Andes,
one of the best
observing sites in
the world. The
project is led by
Professor Arlin
Crotts of the
astronomy depart-
ment at Columbia

University. Known
as Robotic Lunar

Imaging Monitor8, the
main equipment consists

of two cameras mounted
side by side, one attached to a
150 mm (6-inch) aperture
telescope for high-resolution
images and the other for low-
resolution images. As the cam-
eras simultaneously monitor the
lunar surface, image sequence
comparisons are made by a pro-
gram designed to identify TLP
events. The cameras are sensi-
tive enough to detect events that
would otherwise be invisible to
the eye. At the time of writing,
there are plans afoot to expand
the project to other locations
worldwide, including Utah,
Australia, Europe and Asia.

There are many spurious
reports but the reality of
Transient Lunar Phenomena as
discrete lunar events is no
longer in serious doubt.
Outgassing appears to be the
main cause, induced either by
moonquakes at perigee or some
other sort of tectonic activity,
although the matter does remain
open. Detectable flashes of light
produced by impacts are proven
and renewed professional
research could mean that the

Map showing TLPprone areas,
based on a survey of 300 TLPs
by Barbara Middlehurst and
Patrick Moore. It shows the
approximate distribution of
observed events. Red-hued

events are in red; the remainder
are yellow. Graphic: NASA.
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TLP mystery will be solved
within the next five years.
Meanwhile, our nearest neigh-
bour in space is yet holding
secrets waiting to be discov-
ered.

Notes
1. SPA News Circular 253,
February 2007.
2. Chronological Catalog of
Reported Lunar Phenomena.
NASA tech. report TR R-277,
July 1968. 
3. Lunar Transient Phenomena
Catalog. NASA-TM-79399,
July 1978.
4. Analyses of Lunar Transient
Phenomena (LTP) Observat-
ions from 557-1994 AD.
5. BAA Lunar Section,
www.baalunarsection.org.uk/
6. ALPO Lunar Section,

www.lpl.arizona.edu/~rhill/alpo
/lunar.html
7. BAA/ALPO research project,
www.ltpresearch.org

8. Robotic Lunar Imaging
Monitor, www.astro.columbia.
edu/~arlin/TLP/

The author’s impression of a famous ‘blue twilight’TLP within
Copernicus, observed in the 1950s. By Geoff Burt.

The Robotic Lunar Imaging Monitor (RLIM) at the
Cerro Tololo Interamerican Observatory. The project is

led by Prof Arlin Crotts of Columbia University.
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Rupes Recta

Date: 5 October 2007
Time: 05:04 UT
Sun’s col.: 194.7°

Date: 18 March 2005
Time: 22.45 UT
Sun’s col.: 10.7°

Observer: Sally Russell
Instrument: 105 mm APO
x170

Sinus Iridum and Mare Frigoris

Observer: Sally Russell
Instrument: 105 mm APO
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Cassini

Date: 22 June 2007
Time: 21:30-21.45 UT
Sun’s col.: 1.3-1.4°

Observer: Dale Holt
Instrument: 105 mm APO

Schickard

Date: 23 October 2007
Time: 21.15 UT
Sun’s col.: 62.7°

Observer: Dale Holt
Instrument: 105 mm APO
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Fraunhofer

Date: 26 December 2007
Time: 01.00-01:35 UT
Sun’s col.: 110.6-110.9°
Observer: Peter Grego
Location: Rednal, UK
Instrument: 127 mm MCT
Magnification: x200
Seeing: AII
PDA drawing.

N

W

Notes: My first observation of this particular feature. Some 57 km in diameter, Fraunhofer lies
to the south of the much larger and more prominent crater Furnerius near the Moon’s south-
eastern limb. In this late afternoon illumination, the crater’s western wall was casting a broad-
ening shadow onto its floor. The western wall was impinged on by Fraunhofer V. Fraunhofer
itself appeared to have a somewhat polygonal outline. Its floor appeared to be crossed by a
ridge which broadened in the south and met the inner southern wall. Some radial banding
could be discerned on the northern inner wall. To the west of Fraunhofer were Fraunhofer A
and H. The evening terminator had not yet reached these features at the time of the observa-
tion.
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Boscovich

Date: 30 December 2007
Time: 03.50-04:45 UT
Sun’s col.: 161.0-161.5°
Observer: Peter Grego
Location: Rednal, UK
Instrument: 200 mm SCT
Magnification: x200
Seeing: AII
PDA drawing.

N

W

Notes: Another first for me, an observation of the unusual
crater Boscovich and its peculiar ‘appendage’, the elongated
crater Boscovich P to its northwest. 46 km in diameter,
Boscovich lies in the strangely sculpted landscape near the
centre of the lunar disk, a striated terrain that is a product of
the impact that carved out Mare Imbrium. Boscovich, notably
polygonal in outline, had a very dark floor which appeared
crossed with several ridges and rilles. Boscovich P was not as
dark-toned. The northern inner wall of Boscovich appeared
radially banded.
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1. Albategnius
2. Aristarchus
3. Arzachel
4. Boscovich
5. Cassini
6. Deslandres

7. Fraunhofer
8. Moretus
9. Phocylides 
10. Pitatus
11. Purbach
12. Regiomontanus

13. Rupes Recta
14. Schickard
15. Sinus Iridum
16. Walter
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