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From the Director

One of the observing projects suggested in the new
Lunar Section programme is the study of selected
areas under conditions of low incident illumina-
tion, either sunrise or sunset. This provides opti-
mum conditions for the detection of small
relief features, but it also allows other work of
an interesting and useful nature. For many
years Phil Morgan, one of our most experi-
enced observers, has been studying sunset
over the crater Posidonius, with a view to
identifying the last point on the floor of the
crater to remain illuminated. (Phil wrote an
article on this project for the October 2008
LSC.)

As Phil reports in this issue, his correspon-
dence with Jim Mosher over using the latter’s LVTV
programme in conjunction with the Kaguya Digital
Elevation Model (map at right) to simulate last light has
raised the interesting possibility that visual and CCD observa-
tions of sunset on Posidonius may help to confirm and/or refine the
DEM. Some recent simulations, such as that reported on LPOD (20/22 November 2009) which showed the
floor of Archimedes apparently elevated above the surrounding terrain, do indeed suggest that the DEM is in
need of some refinement, and if amateur observations can help to identify large discrepancies then this is

work we should attempt. Phil’s article in this issue gives some predicted times for
observation of last light on Posidonius, and I would urge Section members,

whether visual observers or imagers, to do what they can to observe on
those occasions. Posidonius is a good place to start, but if the technique

shows promise it may also be applied elsewhere in due course.
As we start the new year with suggestions for observing pro-

grammes that combine old and new techniques, we should per-
haps pause to remember that 2010 marks the fiftieth anniversary
of the death of one of the most prominent visual observers of the
Moon: H. P. Wilkins (shown at left), a former Director of this
Section, who died on 23 January 1960. Phil Morgan wrote a
warm appreciation of Wilkins for a recent issue of The New
Moon (Vol. 17:1, 2008), and I have followed this up with a
piece on Wilkins and the selenographical tradition to which he
belonged, which is due to appear in the February 2010 issue of

the BAAJournal. It is important, as we seek to embrace new tech-
niques, that we do not overlook the contribution made by observers

in the past.
Bill Leatherbarrow
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Sunrise over Sinus Iridum and
Montes Jura was captured by

Ed Crandall (Lewisville, NC, USA)
on 2009 October 29 at 00:19 UT
(Col 35.5°) using a 110 mm f/6.5

APO + 3 X Bar + Toucam.

Sally Russell observed
Montes Jura curving
beyond the Moon’s

morning terminator on
26 December 2009 at

20:35-21:30 (Col 32.1-
32.6°) using a 105mm

APO at 170×.



BAA Lunar Section Circular     Vol. 47     No. 2     February 2010 3

Topographical notes                                                            PeterGrego

Visual studies and observations
Since the last report in January’s LSC, lunar observational drawings and notes have been received from Peter
Grego (St Dennis, Cornwall, UK),Dale Holt (Chipping, Hertfordshire, UK), Phil Morgan (Tenbury Wells,
Worcestershire, UK) and Sally Russell(UK).

Sunrise overThebit
2009 December 24
18:05-19:05 UTCol. 6.7-7.2°
By Peter Grego

Notes: A study of dawn over
Thebit and the larger crater Thebit
Pto its west. The first rays of lunar
morning sunshine spilled beyond
the terminator west of Thebit and
illuminated higher features in
Mare Nubium and Thebit P,
including the Stag’s Horn
Mountains. The main observation-
al drawing, made between 18:05
and 18:30, was used as the tem-
plate upon which the gradual
changes could be recorded (one of
the advantages of making an elec-
tronic sketch, as there is no need to
prepare a fresh drawing for each
stage). The interiors of Thebit,
Thebit A and Thebit L were filled
with shadow, apart from the tops
of their western internal walls. The
internal southwestern wall of
Thebit A was the most brilliant
area observed. A chain of peaks
catching sunlight in the darkness
west of Thebit was observed, these
being part of the northern wall of
Thebit P. From around 18:35 a
small illumination was observed to
their south, probably the complex
of small craters at 6°W23.5°S (in
Rükl), and also another chain
extending northwest, probably
including the complex of craters at
6°W 22°S (in Rükl), trending
towards the (completely shad-
owed) Rupes Recta. The latter
chain of elevations would be worth investigating as there are no obvious indications of a linear feature here
in Rükl and other charts. By around 18:45 the landscape immediately surrounding these ‘extra’peaks was
being faintly illuminated. Unfortunately seeing conditions began to deteriorate and cloud began to spoil the
view. By 19:05 a single spire-like shadow could be see extending from Thebit L, as well as the broader shad-
ow from Thebit. The landscape to the west of Thebit was also considerably brighter than at 18:45.
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Sunrise overAutolycus
2010 January 22
18:30-19:55 UTCol. 359.4-0.1°
By Peter Grego

Notes: Sunrise over Autolycus
crater in eastern Mare Imbrium
was observed in two sessions sep-
arated by about an hour. Most of
the interior of Autolycus was in
shadow, with only a narrow sliver
of the upper inner western wall
catching sunlight, with several
dark bands. Beyond the upper
right of the sketch boundary was
Aristillus (not portrayed).
Promontorium Fresnel lies in the
lower right hand corner of the area
depicted, and there were indica-
tions of the numerous Rimae
Fresnel. The area immediately to
the north of Autolycus was some-

what jumbled and it was rather difficult to depict with confidence; some
radiality to Aristillus was though evident in the ridged terrain here. The
small crater Autolycus A was eeasily visible, perched on the eastern rim
of Autolycus. Southeast of Autolycus, two prominent mountains were
visible casting strong shadows. The first session resulted in a complete
sketch but could not be extended due to low battery power in the PDA;
the observation was transferred to a backup PDAand used as a template
for the second session. In the second observing session the terrain to the
south of Autolycus had become noticeably more illuminated.
Furthermore, some high ground previously in shadow had caught sun-
light about 40 km to the west of Autolycus. Dewing-up of the SCTcor-
rector plate ended the session.

Early morning over Autolycus
2010 January 23
19:10-19:50 UTCol. 11.8-12.2°
By Peter Grego

Notes: Further to the above observation of sunrise over Autolycus,
another observation of approximately the same area was made under an
early morning Sun which was approximately 10° in altitude over the
centre of Autolycus. The eastern half of the interior of Autolycus was

filled with shadow. Several ridges and elevations were observed on the illuminated western half of the floor,
most prominently a ridge running south from the northern wall towards the crater’s centre. Autolycus A was
noticeable on the crater’s eastern rim. Autolycus’inner western wall displayed terracing, and the brightest part
of the inner wall was the part adjoining the floor at the 10 o’clock position in this observation. Interestingly,
the precise location of the bright area which was observed to emerge from the darkness in yesterday’s session
(2010 January 22, 19:40-55 UT) was not entirely evident and indeed may not quite be covered by the area
depicted in this sketch. The high ground of Promontorium Fresnel lies at the lower right corner of the sketch,
but only a trace of Rimae Fresnel, running south of the promonotory was observed. Aristillus lies beyond the
upper right corner of the area depicted.
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Last light on Posidonius                                                                                                            Phil Morgan

I’ve spent a quite a few years trying to capture very last light on the interior of Posidonius in an attempt to
determine which of the many features on the floor is the very last to remain illuminated at sundown. Having
narrowly missed this interesting spectacle on numerous occasions I contacted Jim Mosher to see if he could
try and produce a simulation of the event using his updated LTVT programme in conjunction with the Kaguya
DEM (Digital Elevation Model).

The simulation that Jim Mosher produced was interesting, but not totally convincing, this being due to the
fact that the Kaguya Terrain camera only sampled the lunar surface at 16 points per degree, or approximate-
ly 1 point every 1.9 km. This lack of measured points means that any model thus generated would easily miss
any lows or highs of small spatial extent on both the crater rim and floor region.

I then asked Jim Mosher if the accurate timing of last (and first) light by amateurs of central peaks and
crater floor features could be of use in producing a better yardstick for predicting similar events in the future
using the DEM. In his reply JIM says:

“Yes, you are quite correct. I am not sure how accurately the timing of last/first light can be timed - since
the light does not appear or disappear all at once. I should think the result would depend a bit on aperture and
seeing (like trying to detect faint stars).”

But if a peak is still seen shining in the Sun when the DEM predicts it should be in shadow (or vice versa),
then the amateur, with his modest equipment, has been able to improve on the data obtained with very inex-
pensive equipment. I should think making such simple observations would be of interest to at least some ama-
teurs; and I suspect it will be a number of years before the digital models from spacecraft have completed
enough coverage that discrepancies will not be found. And as you say, once a last/first light timing for a par-
ticular feature has been clearly established, future recurrences can be predicted with great accuracy (probably
within minutes for the same aperture and seeing), so that one knows almost exactly when to look to see them.

Discrepancies in shadow lengths generally could also be used to improve the DEM: for example the shad-
ow of the central peak of Alphonsus being longer than expected from the DEM tells us it stands higher above
the floor, and the peak value in the DEM needs to be increased”.

I posed a similar question to Dr
Anthony Cook, and he also thought that
such simple observations could help
highlight any large discrepancies in the
DEM. So it would seem that there is
some useful and interesting work here
that could be undertaken by Lunar
Section members with only modest
equipment. 

For those that may interested, I give a
list timings for last light in Posidonius,
calculated by Jim Mosher, who points
out that due to the lack of critical data
these timings may be at least 30 minutes
late: 2010/05/04 00:00:07, 2010/12/26
00:25:37, 2011/08/19 02:31:25,
2011/10/17 03:06:32, 2012/01/14
00:18:38, 2012/03/13 05:14:36,
2012/07/09 01:16:29, 2012/11/04
02:08:36, 2013/01/31 23:39:02,
2013/04/01 02:21:10, 2013/05/30
00:20:09, 2013.07/27 21:12:14,
2013/09/24 21:11:14, 2013/11/23
01:42:51, 2014 02/19 21:57:17,
2014/04/19 23:33:16, 2014/12/12
01:11:16.

Sunset over Posidonius,
imaged by Wolfgang
Sorgenfrey on 2007

September 02, 04:40 UT.
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Copernicus and the Hortensius dome field Bill Leatherbarr ow

During the recent spell of bad weather (when seeing conditions from Sheffield have been very poor even on
clear nights) I have been re-examining some images I took back in the autumn. One of these (shown below,
taken on 12 November 2009 at 05h 12m UTin reasonably good seeing, with a 12-inch sub-aperture
Maksutov-Cassegrain and a DMK21 mono camera) is a detailed study of the dramatic impact ejecta from
Copernicus.

Looking at this image again, I notice that it shows splashes of ray material from Copernicus crossing the
region of the Hortensius dome field (in the top right-hand corner of the image). I wish I had paid more atten-
tion to this at the time, for it would be interesting to observe whether the impact splashing is visible on the
surface of individual domes. Copernicus is, of course, one of the youngest lunar features and the Hortensius
domes are the result of volcanic activity that is almost certainly much older, but it would be useful to have
confirmation of this by means of clear evidence of the Copernicus rays visibly crossing individual domes.

Might I suggest that the Section’s observers and imagers pay some attention to the interaction of
Copernican ejecta and the dome fields in the region of Hortensius (and, for that matter, those near Milichius
and to the south of T. Mayer)? A careful study of the Clementine imagery might also be helpful here.

CCD images
Since the last Lunar Section Circular lunar CCD images have been received from Mike Br own (Huntington,
York, UK), Maurice Collins (Palmerston North, New Zealand), Ed Crandall (Lewisville, NC, USA), Dave
Finnigan (Halesowen, UK), Simon Kidd (Welwyn, UK), Bill Leatherbarr ow (Sheffield, UK) and Mike
White (Levin, New Zealand). In addition to ‘regular’ lunar CCD imaging both Maurice Collins and Mike
White continue to make extensive use of Kaguya data and LTVT to produce excellent research into lunar
topography, including producing 3D anaglyphs.

Copernicus and environs, imaged by Bill Leatherbarrow on 2009 November 12 at 05:12 UT.
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Fault line in Montes Taurus identified by Maurice Collins in his image of 2009 December 22 at 08:35 UT.
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BAA/ALPO Transient Lunar Phenomena                            Tony Cook

Observations for Dec 2009 were received from the following observers:  Jay Albert (Lakeworth, FL, USA),
Maurice Collins (Palmerston North, New Zealand), myself (Aberystwyth University, robotic telescope and
at Newtown, UK), Marie Cook (Mundesley, UK), and Simon Kidd (UK). Clive Brook (Plymouth, UK)
reports that due to ill health he feels that he probably cannot contribute to any more observing. I would like
to thank Clive for his many observations over the years. He has been one of our most stalwart observers and
has contributed at least a hundred and fifty routine reports (I still have to scan in many more of his reports in
our archives) and has also discovered several suspected TLPover the years of which you can see many exam-
ples described on the TLP predictions web site. 

TLP reports
Only one report was received for
December, from Simon Kidd
(UK), concerning a spot on the
east inside rim of Aristarchus (see
Fig 1), just inside the shadow,
imaged at 17:35UTon 2009 Dec
28. It is not normal to see highland
protruding into the shadow in this
way at this colongitude. However
Simon analyzed his Registax
video frames carefully and found
this to be an artifact of the pro-
cessing. I am including the image
so as to illustrate the high quality
of Simon’s work, but also to show
that how careful we must be in
interpreting images that have been
through software packages – it is
very important to have a time
sequence of images to check!
Anyway many thanks to Peter
Grego for drawing my attention to this report and also to Simon for investigating and concluding that this
was not a real TLP.

Concerning the 2009 Nov 25 Eratosthenes TLP, firstly, I just want to correct a major typographical error
that crept into last month’s BAA Lunar Section report – the date of the TLP was Nov 25 and not the 29th.
Also as analysis is still in progress, I have decided to leave any more comment on this in the Lunar Section
Circular and instead write a paper with the observers concerned on the history of TLP in Eratothenes crater
for the BAAJournal, culminating in a more thorough discussion of their observations. I did however check
past observations that matched a similar colongitude and found the following:

2003 Jan 11 UT 18:23-18:30, 18:46-18:54, 21:35-21:55, 22:20, and 22:55: Marie Cook
2006 Feb 7 UT01:20: Howard Eskildsen’s image published in \ALPO’s TLO 2006 March, p8.
2008 Dec 18 UT01:45-03:30: Jay Albert

However none of these past visual reports mention color and the printed Eskildsen image is monochrome
but it agrees closely with Fig 1 appearances from last month’s article.

Errata: Concerning the routine reports mentioned in the December 2009 LSC article, on p9, I neglected to
include the original TLP reports that the routine observations were referring too. So here these are for com-
pleteness.

Fig 1. Aristarchus by Simon Kidd on 2009 Dec 28 – note the spot
(imaging artifact) on inner east rim.
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Plato 1969 Nov 18 UTC 19:00-19:30 Observed by Mackay (Scotland, 6” reflector x40, x144) “Obs. shad-
ings in crater at low power, but less apparent at higher power (less contrast). Not shadows as they were not
uniform black (Apollo 12 watch).” NASAcatalog weight=1 and ID #1215. The ALPO/BAA weight=1.

Plato 1970 Nov 8 UT01:31-01:47 Observed by Bartlett (Baltimore, MD, USA, 3” refractor x59-300)
“Only crater A seen, all others obscured. Floor=3deg albedo, very smooth. A had a minute shadow & no
obscur. On Nov. 22 1966 at nearly same colong. 5 spots incl. A were vis.” NASAcatalog weight=4 (high).
NASA catalog ID #1278. ALPO/BAA weight=2.

Plato 2004 Jan 01 UT19:55-20:13 Observed by Brook (Plymouth, England, 60mm refractor x120, see-
ing very steady, slight haze) “Could not see small white dots previously observed with this instrument under
good conditions, that represent central craterlets. Crater floor appeared a plain steely grey with little or no
albedo features, The rille to the west of Plato well seen.” BAALunar Section report. The ALPO/BAA
weight=1.”

Also in Marie Cook’s 2006 Nov 29 Plato observation, on the same page, “An unusual triangular lighter
area” should have read. “The usual triamgular lighter area”.

Partial lunar eclipse
Lastly, here is an image of the par-
tial eclipse of the Moon as seen on
New Year’s Eve 2009 (Fig 2.) I
did time lapse imaging with a
camcorder, and two reflectors, one
in Sodium light and the other in
Hydrogen Alpha. Nothing unusual
was seen, but it seemed like a fit-
ting end to the year to make up for
the lack of observing from seem-
ingly months of bad weather.

Repeat illumination predictions
For repeat illumination TLP pre-
dictions for the coming month,
these can be found on the follow-
ing website: http://users.aber.ac.
uk/atc/tlp/ tlp.htm

For members who do not have
access to the internet, please drop
me a line and I will post predic-
tions to you.

If you would like to join the
TLP telephone alert team, please
let me know your phone No. and
how late you wish to be contacted.
If in the unlikely event you see a TLP, please give me a call on my cell phone: +44  (0)798 505 5681 and I
will alert other observers. Note when telephoning from outside the UK you must not use the (0). When phon-
ing from within the UK please do not use the +44! Twitter TLP alerts can be accessed on
http://twitter.com/lunarnaut.

Dr Anthony Cook, Institute of Mathematical and Physical Sciences, University of Wales
Aberystwyth, Penglais, Aberystwyth, Ceredigion, SY23 3BZ, Wales, United Kingdom.

Email: atc @ aber.ac.uk or tlp@baalunarsection.org.uk

Fig. 2. Lunar eclipse imaged with a digital camcorder from Newtown,
Powys, Wales, UK, by Tony Cook on 2009 Dec 31.
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Occultation news                                                       Andr ew Elliott

The graze prediction service has resumed following receipt of the data after publication of the last LSC.
Please see the graze track map (p13) and the annual list (p14) printed below. Three grazes are predicted for
February but two of them (tracks 4 and 6) cross sparsely populated areas of Scotland and are not further
described here.

Track 5 (track 2 in the 2010 BAA Handbook) crosses Dumfries and Galloway, N Cumbria, and county
Durham on the evening of Sunday February 21, commencing at around 2012 UTin the west. The 6.5 magni-
tude star ZC 559 (26 Tau) is grazed by the northern limb of the 47% sunlit moon near the cusp. The Moon
will be at an elevation of around 49° in azimuth 235° (SW). Multiple events could be visible from about 1km
north to 2km south of the central track.

Observant readers will have noticed that the BAA Handbookalso predicts three other grazes on the same
night. These are fainter Pleiades ‘outliers’that just escape the LSCmagnitude filter, but I can provide detailed
predictions for these on request.

Predictions for 1°44’44.0”W 52°27’41.4”N  Alt. 50m, (Birmingham) Tel diam 150mm – Jan 2010
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Key to less obvious column entries in predictions above:
Predictions are computed for a telescope aperture of 150mm using a detailed observability algorithm. Lower
case D, R, Gr in Phase column means the star is within 1 magnitude of observability limit, i.e. less easy to see.
Star catalogue, nnnn = ZC, nnnnn or nnnnnn = SAO, Xnnnnn = XZ80, ?nnnn = other catalogue, where ‘?’ is
a letter indicating the catalogue. Character in ‘D’ column indicates a double star - careful timing/video record-
ing may reveal the duplicity. Character in ‘V’ column indicates a variable star. (Extra information lines for
double/variable stars removed to save space.) Other entries are as for the pre-2007 predictions produced by
‘OCCMOON’ in previous LSCs.
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Grazing occultations, UK and Ireland, Jan 01-Dec 31, 2010, Magnitude <= 6.5
(see accompanying graze track map on p13)

‘D’ column after PPM indicates double star code. ‘W.U.T.’ = Start UTof west end of track.

Letter in column after "CUSPANGLE": - Column ‘T’ = Telescope size required: -
‘B’ = Bright Limb ‘A’ = 4”
‘D’ = Dark Limb ‘B’ - 6”
‘T’ = Near Terminator‘C’ = >6”

N.B.Don’t forget to add 1 hour to the above times during British Summer Time (March 28-October 31,
2010)!

Predictions are courtesy of David Herald’s Winoccult program, version 3.6 for total occultations, and the
International Occultation Timing Association European Section (IOTA/ES) "GRAZEREG" program for
grazes, provided by Eberhard Riedel.

Andrew Elliott, White Lodge, Bank Lane, Warton, Preston, PR4 1TB, United Kingdom.
Email: occultation@baalunarsection.org.uk

Cloudwatch                                                             Andr ew Byntar

December2009
Observer and location Excellent Cloudy Overcast Hazy No watch

days days days days days

P. Burt (Chatham) 7 (23%) 13 (42%) 9 (29%) 0 (0%) 2 (6%)
A. Bytnar (Mansfield) 7 (23%) 4 (13%) 18 (58%) 2 (6%) -----
M. Cook (Cromer) 4 (13%) 12½ (40%) 12½ (40%) 0 (0%) 2 (6%)
K. Hall (Warrington) 7 (23%) 8½ (27%) 5½ (18%) 0½ (2%) 9½ (31%)
A. Heath (Nottingham) 3 (10%) 8 (26%) 19 (61%) 1 (3%) -----
J. Wrigley (Reading) 8 (26%) 6½ (21%) 14½ (47%) 1 (3%) 1 (3%)

Email: ASByt@aol.com
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Lunar phases February 2010

Lunar librations
February 2010
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To receive B&Wprinted copies of the Lunar Section
Circular, please send a supply of stamped addressed

envelopes to the Lunar Section Director. Envelopes at
least 11 x 22 cm will ensure no damage in transit.

Members who have Internet access may receive their
Circulars (colour version) in PDF format by email

(please contact the Director) or by downloading them
directly from the BAALunar Section website at
http://www.baalunarsection.org.uk/circulars.htm.

BAA Lunar Section Director: Bill Leatherbarrow,
9 Stumperlowe Avenue, Sheffield, S10 3QN, UK.

Email: director@baalunarsection.org.uk

Observations and items related to a specific area of
lunar study should be sent to the appropriate member of
the BAALunar Section Committee, but send any mate-
rial of a more general nature to the Editor. Deadline for

items for the February Lunar Section Circular:
10 February 2010.

Cir culars Editor: Peter Grego, 7 Parc-An-Bre Drive,
St Dennis, St Austell, Cornwall, PL26 8AS, UK.

Email: editor@baalunarsection.org.uk

Lunar data February 2010
Lunar phases
Lunation New Moon First Quarter Full Moon Last Quarter  

1077 2010/02/05 23:49
1078 2010/02/14 02:52   2010/02/22 00:43   2010/02/28 16:38

Physical Data              From computation program by Gareth Williams

Earth's         Sun's
2010  Age        Selenographic  Selenographic   R.A.   Dec.  Rises  Sets  Transit Alt
FEB.   d   Phase  Longø  Latø   Colongø Latø   h   m    ø    h   m  h   m  h   m   ø

----- ----- -----  -----  ----   ------  ----   -----  -----  -----  -----  -----  ---
1.0  16.7  0.954   3.0    4.9   111.5   0.58   10 28    5.6  20 27  08 17  01 47   43
2.0  17.7  0.890   4.8    5.9   123.6   0.62   11 22   -0.9  21 53  08 34  02 38   36
3.0  18.7  0.806   6.2    6.6   135.8   0.65   12 15   -7.1  23 17  08 51  03 29   30
4.0  19.7  0.709   7.2    6.8   147.9   0.68   13 07  -12.8  00 38  09 09  04 19   24
5.0  20.7  0.606   7.7    6.6   160.1   0.71   14 00  -17.6  00 39  09 32  05 10   19
6.0  21.7  0.501   7.8    6.1   172.2   0.74   14 53  -21.5  01 57  09 59  06 01   15
7.0  22.7  0.399   7.4    5.2   184.4   0.76   15 47  -24.1  03 09  10 35  06 53   13
8.0  23.7  0.304   6.7    4.2   196.6   0.79   16 42  -25.5  04 11  11 20  07 46   12
9.0  24.7  0.218   5.7    3.0   208.7   0.81   17 36  -25.7  05 02  12 16  08 37   12

10.0  25.7  0.144   4.5    1.6   220.9   0.83   18 29  -24.6  05 41  13 20  09 28   14
11.0  26.7  0.084   3.1    0.2   233.1   0.85   19 20  -22.4  06 11  14 28  10 15   16
12.0  27.7  0.040   1.7   -1.2   245.3   0.87   20 09  -19.3  06 34  15 38  11 01   20
13.0  28.7  0.011   0.3   -2.5   257.5   0.89   20 56  -15.4  06 52  16 48  11 44   24
14.0  29.7  0.001  -1.1   -3.7   269.7   0.91   21 41  -10.9  07 07  17 57  12 26   29
15.0   0.9  0.008  -2.4   -4.8   281.9   0.93   22 25   -6.0  07 21  19 06  13 06   34
16.0   1.9  0.033  -3.6   -5.7   294.1   0.94   23 08   -0.9  07 33  20 15  13 46   40
17.0   2.9  0.076  -4.7   -6.3   306.3   0.96   23 51    4.3  07 47  21 25  14 28   45
18.0   3.9  0.135  -5.7   -6.7   318.5   0.97   00 36    9.4  08 01  22 38  15 10   50
19.0   4.9  0.209  -6.5   -6.7   330.7   0.99   01 22   14.2  08 18  .. ..  15 56   55
20.0   5.9  0.296  -7.0   -6.4   342.8   1.00   02 11   18.5  08 40  .. ..  16 45   59
21.0   6.9  0.393  -7.3   -5.8   355.0   1.02   03 04   22.0  09 09  01 08  17 38   61
22.0   7.9  0.498  -7.3   -4.9     7.2   1.04   04 00   24.5  09 49  02 21  18 35   63
23.0   8.9  0.606  -7.0   -3.7    19.3   1.06   05 00   25.6  10 44  03 27  19 35   63
24.0   9.9  0.712  -6.3   -2.3    31.5   1.08   06 01   25.2  11 55  04 22  20 36   61
25.0  10.9  0.811  -5.2   -0.6    43.7   1.10   07 04   23.1  13 18  05 04  21 36   57
26.0  11.9  0.894  -3.7    1.1    55.8   1.13   08 05   19.5  14 48  05 35  22 34   52
27.0  12.9  0.957  -2.0    2.8    67.9   1.15   09 04   14.5  16 20  05 59  23 29   46
28.0  13.9  0.992   0.0    4.2    80.1   1.18   10 02    8.6  17 50  06 19  .. ..   ..
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