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The Kordylewsky Clouds - An Example
for a Cruise Phase Observation during
the LUNAR MISSION BW1

In October 1956 the Polish astronomer Kazimierz Kordylewski
(1903-1981) observed the Lunar Libration Clouds at the librati-
on points L4 and L5 visually for the first time. In March and
April of 1961 he took photographs of the clouds and published
his findings in Acta Astronomica. Since then a number of obser-
vers have obtained visual evidence, photographic exposures or
took space-based measurements.

The faint clouds are hard to detect from Earth and were never
the primary target of a space based mission. We propose a de-
dicated search and measurement campaign for the Kordylewski
Clouds during the cruise phase of the Lunar Mission BW1
spacecraft.

w i i T
Kazimierz Kordylewski (1903-1981)

Pasition of the libration points of
the Earth-Moon system

The contact times to the Lunar Libration Clouds and their equatorial coor-
dinates at those times were calculated using the Satellite Tool Kit software
developed by AGI (Analytical Graphics, Inc.)

In this case STK was used to solve the inter-visibility problems between a
ground based observer, the Lunar Mission BW1 spacecraft and the L4 and
L5 points. The observer's position was assumed to be the building of the
Institute of Space Systems (IRS), Stuttgart, Germany.

The simulations show that it is possible to observe the clouds from the
Lunar Mission BW1 spacecraft almost any time during the transfer through
cis-lunar space.

A simulation conducted with a trajectory close to the last orbit before
lunar capture (305,000x180,000 km, 21 deg inclination, similar to the
SMART-1 capture orbit) showed the spacecraft can get as close as 58,000
km to the clouds. This close proximity will significantly enhance the obser-
vation quality.

Observation of the Kordylewski Clouds during the cruise phase of the
Lunar Mission BW1 spacecraft.
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The contact times of a ground Iometeu !
based observer to the L4 and
L5 libration points are much
shorter.
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About 10 to 15 opportunities
are available each month to
observe the clouds from the
assumed position. The contact
duration lasts from a few mi-
nutes up to six hours.
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The tables below list the lon-
gest contact durations and the
equatorial coordinates for
each month from February
2007 until February 2009.
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Comparison of the contact times to the libration points for the Lunar Mission BW1 spacecraft and the building of the Institute of Space Systems (IRS), Stuttgart,
Germany. The contact times were calculated from Jan 1st, 2007 (Julian Date: 2454101.5) until Jan 1st, 2010 (Julian Date: 2455197.5).

The ground based observations are constrained by a sun elevation angle of max. -18° and a lunar elevation angle of max. -1°. For the observation times from
the spacecraft exclusion angles of 20° for the sun and the moon were assumed.

IRS - L4 IRS - L5
Month “,‘:;”' Start Date and Time [UTCG]| End Date and Time [UTCG) “""":I""' e e RS Exd e Month *‘;;" Start Date and Time [UTCG]| End Date and Time [UTCG] Du’::‘mWE:D_“—D_Lﬂ_W
T T T T T BT ST S T o TR NG B i T B e [Fe o BT T T ST T T T BT S [0 tone T e Sl soes T 503978 S
Mar 2007| 34 |20 Mar 2007 19:5417.331 (21 Mar 2007 ot.a7.40.378) 35338 |053336.0615 E|28:31:30.7062 N| 0550281167 E|28:35.007600 N| |mar 2007 38 |11 Mar 2007 19:5245.082] 12 mar 2007 01:52:33.362| 350,805 [ 1257434278 €|0i06:27 6604 5| 130858 1515 E[10:31.07.9201 S
apr 2007| 45 |18 Apr 2007 202011156 19 Apr 2007 ot:18:21.505 20817 0720145582 E|26:3227.9220 N| 0733506530 E|255527.1845 N| |apr 2007 50 | @ Apr 2007 200540.776] 10 Apr 2007 01:2049.050| 324,138 | 141824 7388 £|18:10468660 S| 142030.4042 E[ 1217501027 5
may 2007 58 |18 May 2007 21:54:41.988] 19 May 2007 0038:58750| 18428 [09:56:525887 E| 1401135207 N|10:0257.9096 E|13:19:447843 N| [may 2007| 64 |8 May 2007 21:09:25578| 9 May 2007 00:37:37.781| 208203 | 155322.9011 E|25:19:50.8812 S| 1601350491 E| 2545044058 §
Jun 2007 NO CONTACT NO GONTACT sun 2007| 76 |8 Jun 2007 2247.02907| B un 2007 235845823| 7171 |1945330525 £ 2458231331 S| 1948338573 E|244821625 §
sl 2007| 69 |22 su 2007 2208:39359| 23 s 2007 On0saz8s3| 17606 |18:31:19.6889 E|27:46:36.9640 S| 18:37:48.1656 E|27:37:28.5204 S| |au 2007 83 |11 ur 2007 2220:17631] 12 wu 2007 00:29:57.037| 120,657 |o0:52.05 8170 € |085T:125220 M| 0056240795 E 0929284745 N
aug 2007| 81 |21 Aug 2007 21:27-18027| 22 Aug 2007 022312281 205.89 |2046075233 E|20:36238038 s|2056044008 Ef 1044224612 5| laug 2007] e6 |10 Aug 2007 21.31:33.080| 11 Aug 2007 01:52:368.557| 261,058 | 0314128248 €| 2315476795 N|032424 8600 E 2355259819 N
Sep 2007 a4 19 Sep 2007 20:53:01814|20 Sep 2007 02:45:51521] 35283 |22:03:008558 E| 1247127207 S|22:14:08 5687 E|11:28:18.7593 S| Sep 2007 108 B Sep 2007 204512855| 8 Sep 2007 0214:02876| 328,837 | 04:51:26 2145 E|27.46:103647 M| 05:04:38 5629 E|28:02/17.5650 N
Oct 2007 m 18 Oct 2007 20:50:118.015| 19 Oct 2007 02:52:34788] 36226 [2318:125848 E|03:11:16.2898 S|23:20235077 E|01:41:49.5730 S| Oet 2007 124 B Oct 2007 21:37-26811| 8 Oct 2007 03:38:05448| 350,644 | 07-28:08 8262 E|2542:44 7558 N|07-41:18 8615 E|2501520186 N|
Now 2007| 125 |14 Nov 2007 184114277 15 Nov 2007 00.a1:58981| 360.75 2302311182 E|05.01:554734 S|2313286831 E|0335427916 S| |nov 2007 137 |4 Nov 2007 192058668| 5 Nov 2007 012040191 359,682 |07-1038 5108 € |26:17:53 1545 n|o72368 3188 E 2542525967 N
Do 2007| 140 |12 Dec 2007 17.4336.962( 12 Dec 2007 23.43.46.93| 360.16 |2334.020863 E |00:35:21.1902 S| 2345060180 E|00:5247.6293 N| |oec 2007 153 | 2 Dec 2007 18:28:10.772| 3 Dec 2007 002752341 358,683 |07.47.01 5322 €|24:16:413084 n|o7:Se4Ba88 E23:28407882 N
Jan 2008| 158 |13 Jan 2008 21:5206656( 12 Jan 2008 0353:26.108) 36136 |03:40.15.0200 € |24:54:28.8984 N035605.2816 E N[ [dan 2008] 189 [31 Jan 2008 2048:40.173| 1 Feb 2008 0z249:56.504| 360272 | 1152268723 €|02:10:067361 S| 1202656606 E|033319.9385 S
Feb 2008| 160 | Feb 2008 18:39:23341( 10 Feb 2008 01.41:05.517| 36170 0320032018 E|23.49:31.4378 N|0334527531 E N| |Feb 2008| 206 |28 Feo 2008 18:40:31.333| 28 Feb 2008 01:39.45.088| 350220 | 12117567684 € |05:32:46.0744 S| 1226305000 E|0E:5418.5842 S
Mar 2008| 183 | © Mar 2008 20:01:25.018( 10 Mar 2008 01:5427.120] 35304 |05:05:11.6765 E|27:46:22.6085 N| 0521146988 E N| |mar 2008] 223 |25 mar 2008 1:40:50508| 20 Mar 2008 01:20:06.472 330266 | 13:30:25.0827 €| 1414545221 S| 1341000248 E| 1523182251 §
apr 2008| 194 |7 Apr 2008 20:25:00378( B Apr 2008 01:3221.150| 30435 0653355215 E|26:26:55.8033 N 0707277877 E N| |apr 2008] 237 |27 Apr 2008 2058:38278| 28 Apr 2008 01:03:30.722 244874 | 1544456702 € |2458:15.0058 S| 1553511477 E|2524:16.1684 §
May 2008| 208 | & May 2008 21:06:04.178| 7 May 2008 0036:20.982( 21043 [08:35:37.6957 E|20:12:03.8531 N|08.44:29.9085 E N| [May 2008] 252 |27 May 2008 2208:33.411| 28 May 2008 00:06:05.375 117533 | 18:20:30.8824 E |2702:55.1962 S| 18:2520.0023 E|26:58:30.3919 §
Jun 2008| 219 |6 Jun 2008 224231960( 6 Jun 2008 2358:35.900| 7607 |1155:17.2635 E|03.01:14.1534 S| 1157582784 E|03:22:11.6235 S| fsun 2008| 262 |30 Jun 2008 230209622] 30 Jun 2008 23.5333710| s1.401 |o026586268 €|07.13:17.1880 | 0028544060 E[07:27.412438 N
Jul 2008) 220 |10 sl 2008 22:3057.869| 11 Jul 2008 002810495 11821 |17.48495302 € |27.20225800 5|17.53.17.9034 E|27:28525330 5| |ui 2008] 271 |30 st 2008 215820716] 31 sl 2008 01:30.02638| 211600 0253153249 € |2208008128 W03 02116562 E|22:4056 5852 N
(Aug 2008| 241 S Aug 2008 21:44:35211|10 Aug 2008 015631608| 25194 2006 56 8769 E|22.01:250800 S|201527 5526 E|21:24.059877 S| |Aug 2008] 280 28 Aug 2008 2114:13221]29 Aug 2008 02:37:45779| 323,543 | 043332 2181 E|28:52:162885 M| 0447412656 E|27:10572209 N
Sep 2008] 253 7 Sep 2008 21:00:01021| 8 Sep 2008 02:37:13207| 33720 |2123452836 E|1514:260124 5]21:34.16 0638 E|14:07:56 1699 S| Sep 2008| 282 26 Sep 2008 210422 135] 27 Sep 2008 02:59°08.520| 35474 | 0618207229 E|26:55:14 1358 N|0633:06 2240 E|26:32.587400 N
Oct 2008| 270 |7 oct 2008 214633628| 8 Oct 2008 034334024 357.01 |2320335222 E|01:08482810 S|2331-108988 E|00:13:347225 N| oot 2008| 308 |28 Ot 2008 2005:32820] 25 Oct 2008 020202536 356485 |0859.47 9318 €|2524:42 1452 M|071350.7021 E|24:478a7732 N
Nov 2008| 283 |3 Nov 2008 18:3412304| 4 Nov 2008 01:28:50.858 355,79 |230250.0443 € |0313:386574 S|231317.0004 E|01:63:369804 S| |nov 2008| 320 |21 Nov 2008 19:10:23260] 22 Nev 2008 01:05:54 632 385,523 |07-4039.6277 €|2307:407718 N|07:5366 7315 E[22:17.487051 N
Dec 2008| 305 |5 Dec 2008 23:08:35993( 6 Dec 2008 05:04:32711| 35495 0243560432 € |21:13:28.5446 N|0256:56.3060 E|22:07:37.1831 N| |Dec 2008| 338 |23 Dec 2008 22:51:50.433] 24 Dec 2008 04:47:07.625| 355287 [11:30:39 1745 €|0043:36 5496 S| 11:41:08 2053 E 0203406336 S
Jan 2008| 321 |2 Jan 2000 2208:56.746( 3 Jan 2000 04:04:20.401| 35551 0320136704 E|23:38:42.2764 N|0333.42.0084 E|24:20553509 N| |uan 2008| 352 |19 Jan 2008 2042:11.086] 20 Jan 2009 02:37:35.867| 355414 [11:15:212273 €|or05M2 6504 N|11:25:545205 E 00115125535 S
Feb 2009] 348 [26 Feb 2000 19:0028.516[27 Feb 2000 00:55:32622| 38507 0341243413 E|24:30:509353 N| 0355200804 E|25:15:16.9700 N| |Feo 2000] 385 |16 Feo 2000 i9.35:24.386) 17 Feb 2000 01:30:51.014] 385.444 | 11:42.47.7303 €| 022436 0414 5| 1153256327 E|03.48105205 5

Longest observation opportunities of both Kordylewski clouds from the building of the Institute of Space Systems (IRS), Stuttgart, Germany.
For more detailed contact times and coordinates for your observatory please contanct Mr. Oliver Zeile (zeile@irs.uni-stuttgart.de).



