May, 17-19, 2002
Visnjan, Croatia

MACE

Meeting on Asteroids
and Comets in Europe




0 $&(

0 HHNY RQ$ WMRG/DIG&RP HVIQ( XURH
oD 19, 2002. Vidnjan, Croatia

6&,(17,),&$1' 25*$1,=1* &200,77((

| XADR YAWMQL. ) DUDG,\RY R2 BEVHYDRLY ,\BD

. RIDER. RBMii (Visnjan Observatory) Croatia

-DPH1RPHD $ PHEDGHO D2 BEHYDRY 6900

SHAM3WDYH 2 CQHRY 2 BHYDRY &) HK5

+HEHVS O /1 2BHYDRY  $ XD

Jure Skvarc y QYUK 2 BHYDRY 6@RYHID

6\M DRE6SRHW/ * (RAD2 BHYDMY 67 IMHIDG

5 HQHB\RW S\MBNHEAJ 2 BHYDRY * HPDQ

- XUV RK 0 RAD2 BHYDRY 6@YIND

AHMR$ QAHLI 3UFHAQV( GWU ,QMWAM5 YRINRNF &URDID

/2&$/ 25*$1,=,1* &200,7((

3HEUS DERYDD
\YR) DIRLL

0 DUR' REUMMII
0 DURYADD
5 HOHUB\RW

[ XADRYA\WMQ.
AHIRS GBI
\YR7 RSRTNN

5 REQ3 DX

1 IMD3RRIDN
SHIU HNIFK
Jadranka Skropeta
SHBUSRDWY
94DYDY BD

0 DUR-XUii

, YOR7XPLQ

$ DYRID

$ QYHIRY
3HAD. R

9 DDA

" [P LU0 DIMRYL
9 DBQND' \@7hD



7 DEGIR FROMQW

7KH,\BIDD$ WRP HUE * URXS /| YA\MMQ.

" HMAMY $ QG0 FDXUQ ) DQBRQMBRA/: LKS$ &&' HPHD + 50O0E

3UHAMRQLOS WIRP HY $ QG3KRAP HN  $ Q$ P DMXUS SSIRDFK % &KUMKSKH

$' $6 SMOR' /5 SUMRG6XYH & YDHHL * 3@ * +IKQ 6 0 RWD 0
+RIPDR S &OXA 6 0DJUQ, ¥HW) / 600ODRL 0 &DODQL

2 FRXABNRQ3WHARANRYVR . % 6 DG2 WHUS QMDD BWFW 0 . LHBZ

7KHO DQWHS GLYBURWAW 0 $3 * ) DXWH

2Q7KH MRYHY R 1H ) DQVXSWU7 R/ ( :  ( GW

SKRRHPRANF 3KRAP HY R 0 LCRUSMHN . 7 6 )R

&RUPRYIRU; LCH) HB&E' ,PDIQ +RZ \R' FMJQ 0 DO CAXUHDOGS H7KHP &
$ QAHL

6SHARARSF 2 BEHYDIRY/R &RPHVZ WS PDMXU0 HIV 0 . LHBZ 0 -XQ

$1HZ &P 7HBVARSH) RUTKHY QL9 (K2 BEHYDRY + 0 ING % ' LQMMNXD 6
0 Dplp - 6NYDY ' &IDVHF

N@AQ) 7KUHH&RP SIFW RZ &RW AP . GMWRY 7HBAVARSHVIRUL FHR) RBZ 8 S -
1RPHD 6 60FKH - *XOUR - 5RAWXH $ *DHD 0 Y%DWR

$FXUR R WH: R@G$VUMRGEE 2 EHYDIRY/2 BRGGE $ P DMUDQG3UR FWRID
2EHYDRIN,Q  — <W2 3%NRY9 1 /YR, 6,POBRY 1. 6XP]LD

$ VURP HY DOG3KRAP HIY R $ MR G/DAKHS WRGRP LFDC2 EVHYDRY 0 RAD 5 HXW
DOG( [ SHIHFHY . Gajdos, $ Galad, L. Kornog, J. Téth, J. Vilagi, P. Zigo

7KH2 BVHNQ) &P SIJQDWKH' DNOAK@I 2BVHYDRY ( OHHJ+ 50E

- RBIR3BDD WHO RWSXHHM X MO MRYHHUR $ WMIRG/ + 5CE

2 BHYDIRY/R &RP HV 7 RRYDG3HYSHRRYHY/ G. Szabo

1(2 $VRPHN TURP &KXUK 6WHARD 6 3 / DAUH




7+(,7%/,$1 $67520 (75,&*5283

[ XAORY%77(6,1, CCAF Farrad'lsonzo (595) Observatory (Ita® * ,$

&&$) Osservatorio Astronomico, strada della Colombara 11, 34070 FARRA D’'ISONZO (GORIZIA) ,7$/ <
Z77 FO WEWMQ# FD IWHD# B W WD HD

*.$ WVIRGSR SHRSBIKD/QRR | IADODE3HW DQ RHP D VHIGDP HADJHW DY RKHUYIDWHP D) OXNDAKH
JILP @ \ CKRRIURXSVARP RUFRQEFWBLLYDMD DAKH DEEUHN SIRMGHG P RQKD RQWHO 3& UHSRW 5 HHIHFHDG
VHQRUPHP BHUV( WP H/&2/ 20 %1, DAKHE 9 [WRUH 2BHYDRY 1QR/ 2* 1$ HP H/FRBP BQ# WDIW

7 KLV SURHREANRO LY NAD QA HRIUDSKLEDORXUR \WH, BI0Q DG & URDMQRAVHYDRUHAKDAP D \ O DIR NLGHG KLY
DIRP HAF JURXS DG XQEHMMH/ARP HWBVDQG\RP HUFRGB/R WHSDWHGWP H 7 KLVIURKS | RUP DQ \ HOW/KDY

P DQEIGHG\WHVHARQG SOFHLQWHDWMR G GVARYHY \FRIHERDGLIQWHZ RS MWEHKLQGWH- DEOGHH DQGWLYLYDQ
XSADMEYHURQR WHSIHHIBIRY, KHISDAKHILLXNG 3$3: Q) @IMBI $UJRD ZKHH RQEKDDR WH* ,$ PDQ
DQGP XFK P RHLP SRMIQMBUR FWMRIOAVARYH MY FRYIUDMDM Z W P HRQRXUZ RN

7KHVKENMRAR WKLY SUHHQBANRQ LV KH , \BXIDQ ) UXWH  DIOQLQYHIUWDM HHY DXURP HMMANRZ V
$VURP HUMAV* URXS DQLQRUP DOFOE R SXEQF DG \WH\X RE6KRHP DNHUVIQWHRHQM

SUYDIM REVHYDRUH/\KDADRRYHD SDUNA SDMDVWRH
DWURP HUF Z RNIQWHZ R , \HWRXQEHMCH
“informal” because ther HLVQRKLQ WDNIXNVXVRKHJ
\WDQWHIUHIBKLS WHNQGR ZRNZHGRDQG\WH

acronym*“ GIA” .

YUXH  1Q9XEDRMIGL)  Z IWoAIDD

B e S
BEHYDAKH

)LUXWH \RPHR WH* | $

PHP PHIND

\ENHRLQIAHOLLDMLQ EHE H-Q\WHRAHY/ 94400
0$56' (1 R 0 [CRIBOHAHIM

S

7KYSIN@HIKSVIWGL)  ZKHD, WDGRODD
\BIDQDWAR P DI LGHOERAMDS RP DQ\KDAZ DY
HIUKLQ) SHRSBIR GRDWRP HY |, KDGD@WR WP H\R




\EHGILO5 RPHGAUQ) P\ MBG B VHYFH \R, FDBG
6LODRE&S$ 68/ / , LQE&RBYHGHDYGZ HVRRQB-HP H

ICP 1O IUHBY

) LUIXUH RHR WHDQOP HHMJVR * ,$ \BNHQDW
) DUDREVHYDRLY Q KRWYZ D/* DK
. ,/1,$0 6 R 0 LRIBOHA&HIMJ

&$68//, ZDAMHRIQWRXFK Z I 7RACRI $* 12 ==,

R 6WRIFRHREVHYDALY DQGZ W PH/&2/ 20 %1,
R 6 9 WRH ZKRZ D/RHR WHIRUGRQ)
SKRRIUDSKIE DR HY 1Q\BD  \KHRKHIZ KHHDAKDV
WP H- RDDY$ 8 5 DAKIRY/ 8 DXHA8S' 5, 1O
YDIORYUAADROYG/ XADR/ $, LO&DAUDD

) LUXUH DQRAHUR \WHDQQOOP HAMYVAINHQDV
3RIRRAHYDALY 1Q KRWHGOR : (/]
R / RZHO2 BHYDRY

7KWV IURXS BHEP HQ@OMUDID WH\SUQ) 1URP Z KHIHZ H
VEAMGVR\INAH SHIHFAY \R\& DIHDQGRSHIDY
LOXKRNRY/ LCNKD/WH FRP SAMMY/Z HKDGZ KHH
7HD/ +3 &RPPRRHRIS SSH,,

0 DR R XVEXOWHEDN FRP SOIDRYNARIGOMN \KH
P RMQ REWRWVDQGVRP HP HDWUIQ) P CHACHAR GHUIYH
\KH SRANRQY BHA HOWH WL REHY \BUIMG VR Z UMM
\R\W DOH

) UXWH  DPORKIH VFDBGI WRP DD DESHIHGLO

6 7 ZWWDSHAMROQR RH  WR P LQIP HMJHYHD
Z MIRWAJINMUIOXBLY

) UXUH DIRMHR DARP HARAMR\KRZ \WHWNOR
\RP HEP DMKWYWEH RHWHE67 DJH



9%NQ \WBLIMG WWH UHYROMRQ Z KHRZ HERXIKVWKH
first three ST4'sto have a better guide while taking
SRAXNH/R 1DOQAP RNQ) REVIFV $ 1 \MUGW \WKDBQD\ HOU
ZHREGHHG\KEe first two ST6's and then we started our
DIMRGILIKWHAQ 1Q 0 DK RAUIN LLIMAVARHY
SRIMRY/

) UXWH 1O\ HIBZ WH SKRRIUDSKLIE FEVHYDRUBY DG
IQUHGWRHZ W &&' V

7 KHI LWXWREVHYDRLY Z H\BIDI CERX & RIYH.EHA

* XGRQAD MVIRANGHWHEL 5 RP HKLIKZ D UQ)
BLODR&S 68/ / , Z RIWWHHIURP DEDBRQ DV\W

| GRUDQGKHKDYDCRKMHUEDBRY CERYHKIP \KXVKHFDQ
FHRQD GAWKDQKDD HDWNN. Z MW DERAR QIKW
SRODWRQ\RAKZ DB/ 1 HHWHBW KHFRQMM/\R
IRWZ DOGAVRYHY P LQRUEBRAHVUHKQ) P DIQWaEH/
DRXG B Pl 1HWQ67 67

)LUXWH  WHIWWZ REB&E'  DXRP HUEF SIRMUH
\BNHQ $ XIXWWV WDV 87 WKRZIQY
DIMRG  3KRDHD

BLODRUHHYHSI HZ. 3D VOMIIURP %UDQWLVH P DO

“1 congratulate Mr. Casulli on being the first amateur to
R&&' DIRPHY R PIGRUSDHV  + HVHHP VARKDYH
ARHTAMDIRRGNE DA RXFOQWHHIURP \WHI RTBZ LQJ
positions and residuals’.

JUXWH WPHR KVQE SKREPHMFZRN

-XVWHZ NGP HMYCEDWIHV0 HQUDZ WK \WWH
\WDVRSHR 6\WDOR9$/ (17,1, KHNRCHGMQH
WH* | $ JURS OGZ IRMDAWR \R\X DHIRJ
DIRP HY KHWBWGZ W\WWHRHIRY, lQZV OG
\KHQP DGHDORIQMUDARQR PDQ SIANHWIRY: 132V
@Z \WHHDHP RHARP S| YHURY/DYD.OE®
\KOWZ OHIURP KIVZ HE WM
6MWRIFRH CH/MVNERYHWH\VRAK KLAQYR 7HQL
ERW N (RWR 5RPHWHH7RQRI$* 12==,
DQGP DR RKHJIUHIG/KDGEXOWHHDIX® DARP DINF
\WDVRSHAOECEDIR KK SHIRP OFHGHWR MM
HBYDMRQ CERW P HMY DGGGHWR\WHIBHIFHR
QI KVWERDWNROVRXAKZ DG 7KHHEDHIR/ 20 %$5"
well over the 70s, one of the “old brains” of the GIA
ARP P XQW DQGH SHWOQHBRNRQFY DGR
ARAMHVR ILYHKLY KHS LOXS@NY \WHREVHYDRLY
7 KH\MW WV\KHKRP HR DRRQMOXRVXSIWDAQ) R
\R\Z OHI LGV\KDNDBZ HGDOF ,$ MQHH \RUHDG
IRV BEOON SPMHDIGFRP SXAMSRIMRYVIQDYHY
\RSKIMFDMG P DQQHJ B Pl 51MWKH  &KUAND
67 67



YJUXH  %KQGKYVURO/IQWH* $ \FRHEROG

7TRARPIMGL)  DKSHIRDGHWR\RP HAREW
Z KIBIKHZ D/LQWWH\MXY SKDHR \WHSURIUP  KHKDY
D @ VSHAARMHY SPMH

) UXWH  7KHQAVRYHHG\WHVXSHIRYD HIQ
1* &

SWRFRHRRVHYDRY KDVDORWHILM&&' QVARYHIHG
DG QP BHHGDIMRGLQWHZ REB )8 LV
6\WRFRH

) HZ NGP HMY\AR\KHHDXY LDP SIHIR , DL MAWNXBINMG
LQ3RIR \WHDMWRPHMEZRINB P I
1HZWQ67 67

* RQ) QRIKERXQG RQWHS$ SSHQQ FKDQR Z HW
R ) QUHFHDG@W HDXWR 3MD\RXP D ILGRHR
\WHY RREHYDRUH/R * ,$ RSHQWRWHSXEDF 6

0 DAHR3IMRHH 7 KRHRAHYDRUHYP DNHD
VURQY DRV Z WK EHRIV VRKRRQIURXSV DG

ARP P RQSHRSBIRQDUHIXQUEDULY P RQKO DOGHHRR
appointment with teachers: they host even 2open nights®

GAUQ) \HPRMS DARGRP LFDCHYHQWV + HHKDVEHHD

QVRYHHGWHI LS P RULQ, \BD 48 B Pl
1 HZ\RQ&DXIWNQ67 67

0 RHFRH\R) GUHFHLQ0 RQMISR ZRWRH
R WHIHZ @3H/R WH* ,$ 0 DAD720 %/ /, ZKR
Z W KLY SRMSEGILQXWKP HQATRXDD | RTBZ V1 ( 2 VDG
FRP HIV EXVAKDAQ\KH SDWY HDY FRIDER DMGZ L\ 6

0 DUHIR DQGHYHDZ W $ IDJRREHYDRY D

SR HMRIOMKAMHR 30508 QYHMW Z KHHKH
FROUBMGWAVRH) QP EHMHGD®G
XQPEIGRAMAVB P | 6FKPIGARDXHIUDG
67

$QRMU NP QRIWERXQG KDDR \WHRIPER WHKL®
\KDARYHIAB! \V/RBI QD RSHDMAKHREHMEH | R \KH
*$ 106 9MRH  * IRJIIR6$66, PRHWID
\INH/&&' SIRMUAKDN BPH/&2/ 20 %1, WH
DIRP HAMF H SHWZ KHDZ HWIWG RAUFRIDER DIRD
\KHOEQON DQGP HDXUW/DARP HR &LLRI $ &&+, MWW
DMGIZD PRAWDD B Pl 1HWQ P

| 6FKPLO7

, ONHRUP HP BHOWD/® $ &&+, DUG6$ 66, Z DDHS
\KURKIK DEDAHWAREVR P DNGQJ DWBVARSH XSEDAY W
DSSOLQ) HPRARIFY \BNQJ 1L SIRMI/ SURFHMQ)
WP D5SOLQ) D&&' \INQJ &&' SIPMBVZ LKD
FRP SX\AMUDQGLQMICAQ) DQGRSHDMY DWBVRSHE
FRP SXAJ DOKDQEP DCHE \MHP 1\ RAIRWRYIMW

6 9 WRUHREVHYDARLY \ RXP D\ UDS DDKHKIMRY R
DXURP HY

YLUXWH 7 KHRKHAZ RLQWHI R URXQG DUHIAUDD
0$56' (1 DUB(WPH/E&2/20 %1, IQURRID

1RWR 0 LD ERZHWHWW RBIDFKH/R &R° RONH
KXP DQWWKHHP D WP HPBHU$S ®f DQAHU0 $1=21,
afamous Italian writer with his@Promessi Sposi®
aBetrothed®) at about 1500 m of elevation stays a dome
ZKHHWHWP R 6RP DR P RMR \KHWP H
IRBZV1(2V

(- YHQKHIHWHIH LY SHRSBIWWDNAGHYHBS VR \& DUHR
IRIBZ | DI RYLQ) REWVRW \RRP DNHD SUHIP LY
LGRIVLFDNRY \R AP SXMHSKHP HIVDOQGRBW B P
I 50MkH &KUHMIGE7 67



YUXWH  7ZR\ HAWDWJOXFK DGRHIOR R
DIMRG 0 DM@HIQ “XQH1 ($5 SURH
UAMOHG\R ( DU RUDIWDYLW DAMARQLWZ D \RZ DB
(R 2Q0  KRAWEHRHWHP LQP XP G\

DERW NP |URP \KH( DWW \XUDFH \KH\SCFHRIDW
Z DVIP DIHG D/ RUP DGR Z KHQWMIDW NP IURP
RXUSDHAD OB GWAKDQWHAMBFHR \WHO RRQ
7KV \HRB&E |UPH RREGEGIO - DAY

QGDV 87& PIGH S\KRZVWH P DIQUH
1($5 SIHIQUEIGPRIR)  DIAHFPIQ EHEHD
\WHFRQUMIDIROR 7 DAXV

,QKLYVZ HEVM\KH KDYH D SDIHGHAFDMG\R \WHREVRV
\KDNHHG P RIHRBVHYDINRQY DG Z KHQWH REVHYDINRQ
DJF LVEI HRXIKWH FRP SXMWWHUHOYDOH/R
CESUROAK WR\KH ( DT URP \WWH SDIANAHQMY \RWWHQH W
IR IQREHAM D7 \WHILQAQIVR \KDNEVRVRORD
II® KRV

, QWHM WHIWVWH DHSDQQ DQZ PP
\MBVARSHDGD [ &&'

.1 ZHIRR\KHHDIAMWARAK R 9 HIRIDZ HP HAAKH
observatory of Luciano LAI, another of the 2film
astrometrists°.

+ HWBMGLQ& DYUDD RBVHYDRY OERXW NP
\RWHZ HIWR KLYVORXOOMW Z DKWHAVARYHY R

9 HRDOGZ W D- XSWURBVHYDINRQSUIRIUP ERD
DWUDUHDAMR \WH) BHIK' I HAR R FRQIXHDD
ROGHJSRIUP R / ZHI2 BEHYDRY 7KHSRIUP
HIGGOWU \ HOW/Z W \WWHDGYHQNR SOCHBY  SUREHY
Z KHQDQOQXKP HQVZ KHHUHDG DGZ HOFDIE DAMG\R
RSHDM / $, \OGWDNFREED ' IHARP D KOG\RPH
SREGPV

$ MK URHDUAK KHP RHGRKLVKRP HLQ

" RMFEERR Z KHHKHARQMXXH/H SHIP HQIWY

Z \WRSWA HPRIRQEV/OG&E' VZ KBIARQ
DMRPHY B P1HZWQI 67 67

YUXH  $ SAMHR -XSMUIRP KLY) UK
FRIDERDARY

3DMQ) 9 HIFHHDXXOG/ DWJ NP ZHULK
5HP O OFFR Z KHHD\N@BG\WMP Z ROWKDGLO
SKRFP HY QRVRUIHMG) RKHNAHQULE | LHTD/| RP

PHMURR)\ \REFDMRFP\ QRZ DOGWHQFRWMQ)

HYHQWHDXRP HY R P LQRUSDIHV
XWDIHZ VABARWHIDAY DUD  Z KHHWE! VKH

OWWBIDQREHYDRY  Z HOUHRSHOWR\WHSYXEQF ANH6
0 DUFHIRDQGRXUDQQMODMR YMRLY LV OERYH
(FOGGPRHWIYD FOWH/R \ARRY Z HKDH
XGHQIVYLMAY XVIDQILQ) 1URP HBP HOBLY \RKLIK

VKRRO B P 1HZ\RQ&DWMHWQ P
1HZ\RQ67 67
) LIXUH $4  DD$ SRR 6RP HRH\OIGWDWV

Z HDHWHI LIXWIRQ SUR HMRID\R AVARYHUDL ( 2 DD
@SR BMRDOCHOY ZHDDHGE DHWHRI®
, VIV VR GRWDASUR HMRIDY LCFOGHS



&&$) P HPBHJ DMRP HDQGZ DUHGKIP  |RAUSHRS®
P DAHDE&Y VHAR SRMUHVOXNY P RIHWED  KRAY
DG HRP SXAMG DIURP HMF SRR 7Z RA VM

) LIXUH ) DUDKDVEHQKRP HR RH

SOURX@UHHMQ -, MUARRNR| 1P 5RPH OAIDQVRT XV\RD/Z HKDG REVHYHG D\DMIM\ENMG) (W
OLSRWWRO LDOZ KHOMWANMUXQHN VY. \RP HMQ) HILGHR FKDQIH\R DQKUIKHUREWDV/0 DG
VRDQIH\R GRW Z HXDQGLP P HADMY , FOWBG( QUFR D LOMXIDAGDAL $ 6%

The last of usit'snot Italian, it staysin Visnjan (120)
&URDD SHQQKDR ,WUD WHH. RDR. 25/(9,&

Z RIWKDGWR\MIK P DKHP DFVLQDP LG3BI WKRROOG
\RRIDOQ] HHYHY \ HOUP Q. WIH/R DXMREFP\ |RUKLY
\MG-WVDOQG | RUDCRKHY\KDVARP HIURP \WHZ KR®BH
&URDID D\WMHZ DOWH UHP DAHGWHRID Z RNQ)
FREVHYDRY LQWDARXQN 7KH UHIXDW® SOWASDMR
RXUP HHIMYIV DGR RAUDRRYW DG FRQMEXMZ LW
R\ DH \MBVARSHLQMIOAQ) DIGREVHNQ WP H B

Pl 1 HZ\WQ5RW67 [

%W$56' (1#8) $ +$59%5' ('8 RU *:,//, $06#&) $ +$59$5' ('8
85/ KWAS FID ZZZ KDUYDUG HGX LDX PSF KWPO

&20(7 3 96  /,1($5
2EVHUYDW.RQV
3- 9 6 &
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 &
3- 9 6 & 1
3- 9 6 &
3- 9 6 & 1
3- 9 6 &
3- 9 6 &
3- 9 6 &
3- 9 6 &
3- 9 6 &
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1
3- 9 6 & 1



3- 9 6 &
3- 9 6 &
3- 9 6 &
2EVHUYHU GHWDLOV
.OHW  2EVHUYHUWV - 7LFKD 0 7LFK\ OHDVXUHU 0 7LFK\ P
UH OHFWRU  &&
OLVQVDQ  2EVHUYHW . . RUCHYLF 3 5DGRYDQ $ 5LWRVD  OHDVXUHU
. RUCHYLF P UH OHFWRU  &&'
2QGUHMRY  2EVHUYHU 3 3UDYHF P UH OHFWRU  &&'
" RPLQLRQ $VWURSK\ VLFDO 2EVHUYDWRU 2EVHUYHU * & [ $LNPDQ P

UH OHFWRU  &&
/ LQFROQ / DERUDVWRU (76 1HZ OH[LFR 2EVHUYHW 0 %O WKH )  6KHOO

0 94 SDONR  OHDVXUHW - BWKDUW + 9LJJK 5 6D\HU Pl
UH OHFVWRU  &&
&ORXGFURIW  2EVHUYHU : 21 | XW P SLWEKH\ &KUHW.HQ  &&
2UELWDO  HOHPHQAW
3 96  /,1($5
( SRFK 1RY 77 -7
7 1RY 77 : LOOLDPV
T 3 4
Q 3HUL
D 1RGH
H , OFO
3
[YURP  REVHUYDW.RQV 2FW " HF PHDQ UHVLGXDO
( SKHPHULV
3 96  /,1($5
"‘DWH 77 5 $ ' HFO " HOWD U (ORQ) 3KDVH P P
OLQLPXP DQG PD[ LPXP GLWWDQFHV | URP - XSLWHU EDFN | URP WKH SUHVHQW DUH
$8 ' HF $8  $XJ $8  $XJ $8
$XJ $8 1RY $8 $SU $8 ' HF
$8 $SU DQG $8 2FW
%ULDQ * ODUVGHQ & &RS\ ULIKW 03& 03 ( & <

TKHIRBZ L KPP DY R P LRUSDOHVZ RINDY ,$ FRFOGVP\ SUIRHRBINRY SLON DUH\KH SKRRIUWLSKLIF W05
Z K\WW\KH\E R BERVWWARWVR HHY FROP Q $ VWH HIG WH VRBY

6 ODUFHOOR 3LWWRLHVH &&
ORQWHOXSR

ORQWH 9LVHIJL

5HPDQ DFFR

6 9LWARUH

ODGRQQD GL ' RWREXRQR

B6RUPDQR &&'

6 /XFLD 6WJRQFRQH
)DUUD d’ | sonzo
&ROOHYHUGH GL * XLGRQLD
3ROLQR



3LDQRUR
9LVQVDQ &&'

*‘$ rrrrrrrrrrrrnrnl

' DFDHWHGMIQ@IRY QP EHHGDIMRGY P XASHIRSSRIMRY SUICHSD0 RH RSSRIMRQDQGWH\ HIUP RQK R MWW
JUHDHSRKRRIW F @PDGWHEE&E' P HXQYDZ IGHVHIRY



7 KHUDWY DG U DONAKLY AURXOUZ KHIHLY FEYIRXVZ KRVWRNWHL HV

$ QGO0 3( & CERAVD WRBD ARPHY ,1( $5



"(7(&7,1* $1' 0($685,1* )$,1732,176285&(6: ,7+ $ &&'

+ HEHVS [TE

$ VIWRGRP LFDOBRAHIVR / 1) 6\WMOZDWZH) $

Herbert Raab, Schonbergstr. $

/1Q $XVND

/1 $ XD KHEHWITE# X\RHADN

6B $WMRG/ DIGHHWH SHKER QXFBLR FRPHV DIHSRQMRXUAHVR @KW, QUHHMP H/ P RIWRBVHIHYXVHES! VR
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In long exposures, point sources of light will be 2smeared®
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HERNWRXGERMHLYs  \WHREVMANRVHLYs 7 KHUHDERXW
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VHREGH SRKH : W DTXOQMP HIIHHRA R \MVZ 1@
generate about 7' 700 electrons in the CCD.
$WKP LQ) WDAKH36) R \WHRBWRNDREHGARUBGZ L\
HDOMRY  DOGWD/WKH SHIN BLWIKW@HW LV GFDMEH CR® DV
\WHRHOWHR RHS[ HOWVS[ HOFRBRVOERW R WH
\RBODI KWRUDERAW' 190 photons, which will generate
2'233 electronsin that pixel. The Poisson noise of this
W@V 233 a

, QDRI \R\WHUWM@DUIO{ Z HFDQHXP DMWHIO{ 1URP
\WHWN EERNJURXQG SHNVNDOHDF VHRG \REH

. RUCERX\2' 748 photons per second per
sguare meter. The telescope therefore collects about 68' 700
SKRRQ/IURP HOFK VIXDUH D \VHFRIGGAUQ) WHH SRKUH
( DK S HORRYHY VIXOHDF VHRB/ DGWHHRH
about 429' 375 photons from the sky background will bH
FROBPMEGAUQ) WHH SRXUHIQHIRK S HO7KLVZ LA
generate about 300' 563 electrons, with a Poisson noise of
a HBRRY
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TXOGDMH LH Q472 2 102 109 a 7KH3HN
Signal Noise Ratio is now found to be 2' 233 a
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telescope, each pixel now coversonly 0.71° © 0.71°.
&RP SDHGWRWH P \MPVARSHIURP \WHSURIRXYV
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PDQWGER DERW DVARP DHG\RWH P
WBVRSHIQH P SBI RUR DVARP SDHGWR\KH

P \MPVRSHZ DWWHEE'  XVHEZ WWRAVAEQRQ)
H P SH
Scaling the FWHM from 4° to 2° (B 1P SURVIQY) \WH
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+ RZ HHU Z \W DB RINTDKH QI KWARFHRDMGLQDMQIMH
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is called 2undersampling®. In the other extreme
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istrue for 2pretty pictures®, as stars on critically sampled
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DSHWUH WHVRBSL 5 YOUHYZ WY WHGIP HMUR \KH



SKREP HUWF CEHWUH \RSKREP HY FOQEHRSIP MHGE
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) UXWH 7 KHSKRREP HUF HIRU LOWMMDUP DIQWE/
H SHAMS | RUSRONRUAH/ XS WD61 5 R

)LIXH  \KRZ V\KHH SHAMGXQRHMIQIV LOWHP DIQWMGH
IRUSRQAXS\R615  DVFOBXDMIRP HIXDIRD
(TXOIRY R HAP DAWVWHWIERP HIRUQSKRAP HY
GHWIP DIHGRVH , WERHVQRATFFRXQIVRUDD \X kP DIF
HURY @\HAL HHFHVIQ\SHBOHMAWR \WHES' DQG
\KHFRBRXUEDE XVHGLQWHWBUFDEBIXH \KDAP LIKVH HAW
CEVROAM SKRBP HME UAXOV
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+HHs LV\KHHX¥P DMGRUHMWJIP DHIRJR \WHSRIWRD

R \WHREWRANS  \WH* DAWDBQWIP DR WH36) DVIQ
HDOMRQ DG615 WMKHIHING6LIQ@OR1 RVHS DIRR
\WHREVRWVL RMWKDYY  Z L@EHH SURRMHGLQWHMP HXQW
D/s X0 DFVHREBY OGWDY  FOQBEHFIBXDMS
from FWHM 2.355.
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Ratio of 4.1 and a FWHM of 4° can now be estimated to
~0.4°, using equation 8. Adopting a photometric aperture
ZIWWDGAPHMR “): +0 FRHIQ S[HY DWED
6LIQOR1 RVHS DIRR DHRW  VIRXQGE XMQ)
HDOMRY ) URP HDDIRD  \WHSKRAP HAEF HURULY
HXWP DMGW a

An astrometric error of ~1° isacceptable, particularly if it
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6XP P DU DQG & RFOMRY

7 KLY SOSHUI LW AUEHG\WH FKDUIRMIMIPVR - D* DAXIDD
3RQMBSUDG) XAIRY DUG\WHRUAHVR QRAHIQWH
PDILQI NP $ [HZ H OP SBV HAWP DY) \WHELIQDR
1 R\VH5 DR RAEICHS | RUI QMERQNRXUAHYZ W YOURXY
\MBPAVARSHVHXSV KLIKDI KWGWDAHMURGP HOROFRQAMR)Y
\MBVFRSHHTXSP HOMDQG&E'  GHARRUP XWKDP RQVHR
RSHDMD/GHIN SHURP DFH ) LDD  WHDXURP HAE DQG
SKRFP HUE HURUH SHARGZ KHQP HDXUQ) | DQMERQN
\RUFHVZ D/HXP DMG

8 VH XCDURP HAIE WXV FDQ EH RABGHG HYHDI RUYHY

| LQABLIHVDAKHAP IWR GHAMRAIRY SCMEXOLD L WHWN
SOHXPHIBQN | RHREMAMQEHUREVHYDARQLY OLIH
) RUSKRAP HMF WYAH/ DKLIKHJ61 5 LV G-MLUIE®]

5 HHHFH
$XHU/ + YOQ$SQMD: ) ' LILWSOP DIHFHQMIQ)
., $ \WRGRP LFOD RAID

6AHWIF ,P DILQ) 7HKRRIH ,(F 6,7H
6ALHQWLE * UDGH&S!

YHW 5 9XHD- 7KH+DQERRNR $ WRERP LEDD
,PDIH3URFHMGQ) : LOP DQUHD, F

+RZHD6 % . RKQ % %RZHD( +RIPDQ O

" HMRNRQDQG0 HDAXUP HWR SRRUD \P SBG3RQN
SRUV/IPDIHVZIW ' $UDV 7KHS WIRGRP LFDD
-RUID

1DGU7 $ QRSP DOH WRMRQDORIMP |RUP DL
SKREPHY 0 ROAD 1 RIAHVR \KH5 R 00B ARGRP LEDD
BRAHN

THOACHH/ @ @ LGRS $ 2 BHYDIRQDEG
5HEAMRQ0 HNRG/R GHB30BPIU LK 6KRRAU
0 ROFV 7KHS WIRSK\ D0 RACDOBXSSBP HYBHIHY



3190 19'140 1'865 7184 7184
6LJQOR 1 R\VH5 DR ( WP DIRQ
| | | | |
0.25m2 0.25m2 1.57m2 1.57m2 1.57m2
24 pm 24 pm 24 ym 48 pm 24 pm
2.50 " /Pixel 2.50" /Pixel 0.71"/Pixel 1.42" /Pixel 0.71" /Pixel
o o o o
40 40 40 40 20
66' 000 69'080 69'080 69'080
7700€ 46200 € 48356 ¢ 48356 * 48356 €
2233€ 13394 ¢ 1'305€ 5029 e 5029¢e
429'375 2&76'250 217487 869 948 217487
300 648 & 1'803'375¢ 152241 ¢ 608 964 & 152241 ¢

70EGI 6XPPOY R \WH615 FOBXOWRY/P HOMRGHGLOWHWM W( [P SB  LVGHAUEHGLOVRP HGHBIAQWHSTSHU 1 RMWDY
IRUH CPSBI  \WHS HOM] HOXAMGLOWHEEBILY GRAKHSK\ MFDOV] H EMWKHMAMR WH ~ BEQGHG S| HD DG DORKHUADD

UHHMRWHEQHES] HD



35(&,6,21 ,1 $67520 (75< $1' 3+2720 (75< $1$0$7(85
$3352$8&+

YHIDGEKUIMESKH  YBCH&RXUAHIDY 300V ) UDQFH

EFKUMR FOE LOMIHNU

$ EVADRW

1 KHQWXG 1QJ WHURBINRQR DUMRG/IWVHHADY \RIRADJUWHDAXP BHUR 1P DIHV/R \WH\CP HWBLY | LHG , QI DPWZ HOOR
KDYHOHRAW AR \KH SUHAMRQLQWH P HDUKUHP HQAR SRIMRQDIGR P DIQWGEHR WHWILY/R WHILHG , Z RAGONHWRILYHVRP H
I XWKHUH SDODMRY/ ,QAHHG UL DKXQBHGIP DIHVR \WWH\OP HDUHD DIHUHRGHG DG L WY SRMEGIR P HDKUH LOHIRK SIRMUH
DKXQ@BHEWBY B XMQ VRZDHAONH,5,6 DVZHIDVWH8 612 DR : HARIHM RUHIFK WBVKRZ LQ) RQO\RYH.IDOP DIHY
DRLQMIANY QP BHUR P HDXUHP HQVR SRIMRQY/DIGP DIQWGEH &RQHNXHE WA/ SRMEBIVR FDBXDM WH DyH.DIH DG \WH
WPVR PHOXWHE5$ ' HO D) IRUHIFKR WHHWELY 7 KHDHIIHP HDXKUHP HQWARX@ EHXVHG\R XSADMFDERIV Z KHIHDV\KH
UP VYBOHJILYH RX BRLQ RP DARQRQWHRBMIHG SHAMRY , KDYHSHIRP HSWVYNQGR \KUH Z W P DJH/R DRDYD
surrounding the Asteroid 14923 1994TU3. Results are not « CEVRX\WM» but depend on how images Z HHRBBIGHS , Z LASHHV
\RP HARFOMRY DG UIVHVWRP HTXHWIRYY

3UGASGVR WHP HDWP HOW

Let's make the assumption that we have 100 starsin the field of view, each star being affected by some noise (this noiseis
AXVHGE 10RXDIRY/R \WHECANJURXQG S HDDIRQ WX HY | DOKHWELY KDYHWHVOP HSRIMRQQRVH \D

VHFR DF WPV WHIUGAHIQHGE WH WBWYZ LOBHDUDWP VSRIMWRQQRVHR R® VR OF  \WFR DFAVGGR
WHURMR 1RZ I, ARP SDHWHSRIMWRQR RHWEUZ DK\KHIUGGHIGHGE \WH \KHUP VP HDXUHGZ LOEHDOANBI BW
RHU VHR DF WHHIRUARP LQ) \WURIK JUGQRVHLYY GHIQILEB! , FRP SDHSRIMRY/Z WWHS 61 2 FDER) LQREHMRIHN
P RHLQRP DR/ BV QR GHHAOY | RURBMRQ) P HDAXUHP HQABHAMRD %4 XMQ) SPRXUH/ \ RXJHDYHY JRRG
FRQ LGHFHLQWHDYH DIH DG LQWHUP V YOOH | RUSRIWRYY OGP DIQWGEY

&RGMRY/R REVHUYDARQ

, \FGDKRPHP DEHQHZWQDD  FP WBVFRSH AP I RDOBIW 7 KHFRQBURY/R REVHYDIRQDH . P 1 RWR 300V
DADGZ DOWYCH YHY GHIUR Z KDVRX FOQKDYHIQDSDIQOIWD  GAUQ) \WHHREVHYDMRQAKHVHQ) Z DVIDKHIRRG  \HFR
DF WH\BLJHAZ D/QGHDUWH] HWW 7KH&E&' AP HDXHGLVOQ+ LMY HIXSHSZ MMD. RAN. O QI ICMIDGEQY
FRQUXDIRY  7KVILYH/D \VHFR DFUBAROMRQDQGDIHBR YHZ R PLQR DOF ( [ SRKUHWP HIVAKRHODN  \HF
IRFUGRADMDMY \WH P D) WBULQ\KHI LHT DQG DOR I HAKDLS WY DQGP [ P 1] HWHWIQOR GRVHDIR



7DUIRV

YLUXWH  SRINRQR 78 DMPHR REHYQ)

Observation of the rotation of 14923 1994TU3 Mag 15.6 21h23m29s 31°39 ( 2000 ) near dzeta Cygni (Fig  7KIVDXMRG
Z DVAKRHDI RAWHI RTRZ LQ) BHDRQ

QRPAUH/R LRIINRQZ HHDYDDE®!

LWDBQIXDUP RXYHP HOAZ LONH-S IWOQWHWP DO IHBR YIHZ, GAUIQ) WH KRAUWP HR REVHYDIRO
WSIHIRMGP OJ R VZ MODWDQIHR JRRGSHAMR)Q DVZ HZ L

YUXH  SIPMHER



100 pictures were saved , Fig 2 shows one of these pictures (n°82 ). Fig 3 isthe sum of all the pictures, on which we can see the
P RXYHP HYWR WHDWKMIRG DG DORVRP HYHY Z HONWELY DURXQGP D)

) LUXWH  WHWP R DDKHISRMBY

JLUXWH 8612 $ MY DIRXEG LQOWH\P HIIHGR Yz

&&' HPHDWZDH

, MHAPLSY  \ROFTXAUHWHSIRXUAYDOG, 5,6 W SRRV WHP  ( OFK SIRXUH LY FRUHRARG | RUR I VANDIIN DG 1 OAS [ WWDY
Z LOXVHWHDARP DIF DARP HME SURFHWR WHVR\ZDH @ KHQRHSIRXUHKDY BHHO SURAHAWHG \WHVR & DUHZ L@GHDYH DWW
R WHGAMANMGMIL/Z W WWHUSRNRQY DG P DIQWGH ARP SOHGZ WWHS 61 2 UH HIHRH WY/



YLIXUH  DQH HP SBIR WHGHARNG LY QWY



) UXWH  WHRDRB) UH HHRHIY QX

,5,6 DORJILYH CFFHW\R\KH\LI (COR (RVHUDAR | RUGTTHIHQMIBY ) L WKRZV6 1 FRP SDUHGZ WP DIQWGH



YUXWH 61 FRP SDHGZ WP DIQWYCH

TKHQRVHZ DVDIRXQG  / 6%DQGWHG (TP IF DQIHR WH  BWAP HDLV $ WUPD  LVDAKRHIP VR \DMDNRQDG
DWWPD LWVGIMAMSZIMWDO6 1 R , GYHBSSHGDIHZ SIRIUP VIQYDME R DI U DM KHH WY/ QXY \RP DK WY/
DG RUHIFKRHR WHARP P ROWMYWRQWH  SIRMUHY\R FOBXDM

\KHD/H I H SRR/ DG \WHUP V
\WHDH.IIHP DIQUYCHDQG\WHWP V

5 HXQV

YU \KRZVDOWR QlIHHFHEHE HHQWHUH HHIFHSRIMR/R 8 61 2 \WILYDQGWHDHDIHSRIMRY REBIQHS 7KHH
Al HHFVDHTAMOUH \RP HIP HVRHU  \HFR DUF Z KIFK P HDQ\KDARHS 61 2 FDBIR LV JHAY) RIS D06 WKRXGEH

WHGXS



YLUUXUH  OWR Gl HHFVEHE HQWHUH HHIFHSROMRQVR 861 2 WY DQGWHDYHIIHSRIMRQREREGHS



YLUXWH \WHWP VR WHP HDXUHG5$ DQG' HYHIXVP DIQUH

)LUXWH  WH50 6 YHIXV6E 1



YJLUXWH  WH50 6 R WHP HDXUHGP DIQWGH YHIXVP DIQWEH

YLUXWH  WH50 6 YHIXV6 1

, ZR@GMH\RHP SKDI HWDMVEREHQPDIQWAH DG DQGIRUDQREHYDNRQWP HR  V ZHREWQ WP VYDDHIQ5 $
DG HEHWUWDQ R DUFDQG WP VYDOHIQO DIQWCHEHWUMDY  PDJ 7KVP HDQAKDM Z HVINHRI® RHSIPMUA
DV R FRQIGHFHZHZI@EHDV RJ  \WFR DFDQGDV R~ PDJ DRXQGPD)  WWSHAWHD R~ R DF

R PD | ZHIGRHDHKHREHYDIRQW HRUL Z H\BNHL SIPMBY WHHSUHAMRQVZ L@EHIP SIRHGE WH
URWR 1 ,| ZHZDOMRUIFK PO ZHZR@GQHS VDBIRU R DF ZHZRXGHG VR REHYDIRQ
WP H

& RFOMRYY

, WIONWDNHIKQ) DSHAMRQR VR DFILQ VR REVHYDNRQLYDYHY [QAMKNY DOGHIFRADILQ) URKOV7 KLY

P HDQ/\KDAZP DAXUDXRRP HUFDQGRD@RAR DXWRP HUF Z RIN 7RGR\R Z HGHHGDQLP SIRYHG UH HHIFHFDERY ) RAWH
P DIQWYGHP HDKUHP HQNV WHAASHWRQLY TXAM@UIHEHFDXVHZ HI CFHP DQ. SUREBP VIERX\WKHS DQG%P D) R \KHFDBEY
DOGWH\SHRDDRE'  URSRQH , QWHIXWMUH, KRSHWDZ HZ IQHADFDBR) Z MW GRARQD DSRIMRQSHAMROR~ \HFR
DUF EXVDOR Z LW UH HIHZAHI LGMIHG P DIQWGH/



, ZRAGONHWRARP P HQAKHDYDRMIH/R  \WH\MRKQTXHY CERYHP HQNRQYHS
7KH DHTXAWMP SBIRLP SBP HQADGWH Z RAGHTERIDQ BRA \RJIHKLYRZ QSUIHAMRQPAYHY
It is aso an absolute way of comparing different softwares, CCD, binning, etc...

7 KRHWAXOVUIDNVHRP HTXHRY/
$ UHWHPXYH/ FRHBHAZ W \KHUDMR VI @ORERVH \HWHDWFGIR + HBEHW O
Are some other parameters significant (CCD uniformity ....) "
&D0RZ HIP SIRYHWHV\XDINRY"
: KDNKRX@ BHGRHRQWH \MBWARSHRQWH FOP HDRQWH\R \&Z DUH"



$' $6 $6,$*2 ' /5$67(52," 6859(<

&HOHYDEHIP * IXIDR3LI@DAF * HKOG+ CKF 6\MDGRO RWRDS 0 DD+ R I P DS 5 1FDR&OXAE 6000 Diud?
, YORYHWAP / XADR60YDARIP 0 DMP R&DYDQE

D 150 HOR $VAREFP\ 8 QYHMWR 3DGRYD YIFRR2 \WHYDRUR 3DERD EEHE SCDXRIW

Egs WWRQRP LIFDC2 EVHYDRY R 3D3RD

F /5 QINMMR 6SCFHEHQRU7 HKQRRI\ DOG3OHMY ( [ SRDMRY %HIO * HP D)

Gnstitute for Geol ogy, Geophysics and Geoinformatics, Freie Universitét Berlin (Germany)

$' $6 WHSMDIR' /5 $WMRG 6XUH 1V WH MIQAVSIRILDP CPRY \WH ' HSDURHIVR $\RERP\ DQG $WRQRPLFDO
2 BHYDRY R 3DCRDDGWH' / 5 %00 GHAFDWEVR\WWHVFDUAK R DWMRIGY 7KHO LQRU3 @QHAR HIMUKDY DAEXMG\R
$' $6\WHWUH FRH  2QWH: HE $' $6 IVGHAUEHGIQ KWB  SOQHARG DWAR IMBDIGHV DAV

7 KH SURWRAAY FiDUWUHG RAVWICRHWHHGR * HRHPBEHU ZI\W \KH6 AP WBPVARSHDASMDIR - &1LP D ( NDUHTXASSHG Z W
WH6&$0 HFHPHDR' /5 Q7IPH' HD ,QMUWNRQPRAH LQD WIS IURP —5° to +15° around the celestial equator. The
camera has a front illuminated Loral chip of 2048x2048 pixels of 15 micrometers each, covering a field of 49'x49" with a
resolution of 1° .4/pixel.

7KLY SDEHUSIHHINVKH P DLQ UHAXOVREVRLCHG WD DURK Z KHQWHWBVARSHKDY BHQ FRVHG I RUD FRP SBIMRYHKDXO
$' $6 ZI@HXP HSIHXP DEO DAWHHEGR - XCH

, QMROXPURD

7KHSIRWPARDEIBD&E' AP HD\R\KH6 FP 6FKP LGAMBVRSHDARLPD( NDU ) L LV DNQAFRGDER DARQEHE HHD

\WH' HEDWW HOWR $ \WRGRP\ DQG\KHS WRGRP LFDC2 EVHYDRY R 3DERYDRQRHMCGH DG’ / 5 YHIQRWHRMHI 7KH

P DQVAHQIVLF GUYHUM\KHAVARYHY DGIRWZ XSR P RIQ) RAVIAV DAMRG/ 1(2V 1($V712V. Y@ VHN +HFHWH
@PHS$' $6 SMDIR' / 5 $WMRGEXUH JLYHQVRWHSURWRNT KHO LQRUSMIGHAR HOMKDVDAMEXAG\RS ' $ 6 WHKUYH
FRH  $SQXSEOMYLZ R $' $6 FOREHIRGROWH: HE\W KW8  STQHASG DIAR MBOGHN DAV

2 \WHVAHQVIE SURIUEP V Z LQEH SRME®! QR I LAMULY DAP RP HMABURIGHS BXVD | LGMJZ KHHOGYLEH LY DYDMDE®! DQG W LOEH
P RXQMSLOWHQHIUI XMUH

' /5 KIVSIRIGHG\WHB&$0  FIPHID Z KIFK FOQEHRSHDMGERKIQ7IPH' HIY , QMIUDIRQP RAHDQGIQQRP DOPRH  \KH
\R\ZOUH | RULP DJH DFTXAMMRQ DQG TXEN GRN $MEK DG |RUDXURP HUY DQG DXARP DIF GAMANRD R P RIQ) REVIAW B\
FRPSOUQ) WP HY 50ANY \FH) L



YU +7KH6&$0 AP HIDKHIGDQGLIWHBRARQFY DMEFKHG\VRWH1 :  MGHR \WH6 AP \MBVARSHD/ARLP D( NDU

)L = 7KUHLIP DHIRMHGMANRQR DRDIMRG

3KRRP HU DQG AHQARGQ) R DIDWILY RO WH I UIP H LV CFFRP SDKHG B\ XMQ) 6H WERRU D SXEIF GRP Q \R\& DH SCANDIH
GHHBSHGR ( YHWDDG6 $ URW >@

7KHWLEN | RQN@P LDM5 &&' VD JIWEH$ [ /25%/ AKISZMWDI[HOM]HR [ pm (1°.437x1°.437 on the
W DGRHYDQDWDR [ DO VITGd ,Q7', \WHHIHARYHH SRXHWP HIRJHIK WU R V DAKH
HDORU 7KH AP HD LV HIXSSHS Z W D 9 LGAHQV - SUHAMERQ KXW \WH VKRIMIAH SRXUH WP H BHQJ \H- BHDXAH \WH
APHMJR WHVKAWULYR PP DMVKWLIQGHND) LV IQNRGARG 7KHAS IV HWHDKMG B D\® R WRIH ARRIQ) GvFH
Z KHH\KH SUP DY WIH LY D 3HWHJFRRBU DG WH VHRRIEDY RHFRQMWR D FRHE AUPAWDITXG UH WHDRU 7 KH CRAUHYHS
&&' RSHDIMRPOWP SHDMHLY+63 °C. A complete characterization of the chip and its electronics was performed thanks to the
NQGKHI R &DEQD$ WIRSK MFDC2 BEHYDRY - & OXE-HADD VH)LU >@



)L £ Thequantum efficiency of the Loral chip. The continuous curve is the 2opacity® of the BK7 dewar window (Claudi et
B8]

7KHU VWP REVBIGHS XVH XODBMGH' HHP BHU 7LOWHP IG3BIR ) HEXOW \KH | RFDOSDQH Z DV | RBHG R \KH
&&' FIPHDYIDD \@K® XQGHWU] HG | MAP HECP LWIRUNGEY SIRMGGE 2 |IIACH* DIBR ) WHIH \WHP LWRJLVD\AIQR|

R \WH YHY XA XOSURRNSH EXCOVRUWH + DI 0 XAVRBXU&IP HDRQERAG* 2772 QRZ SURGEHG LQ MUIH TXOQIMWY
| RUVHYH.DOQRQ DXRQRP LFDOCSSIFDARY $ GHZ [ @WP LWRUIQ JOW Z W MUHJGP HMRYY 1Q RGHVR FRIBAADDWH QIKW
BHP DQGH FHIBQARSIWDODODW VH) L) ZDVSIRSAHGE 2\WD=(1 9HH D IMZ DVLQXSEBE DAKHWMDIWRSHWWH

R ) HEOQY

YL %0 V xQLaMHG

SHHDORRYIRUS ' $6 KDYHEHHQDEOME! URP DYDLOEBIVR \B DUHSCANDIHY 7 KHDWURP HMF UMGDY DUHHYDODMGE. D
FRP SDUNRQZ LW \WHDAMIRG/SRIMRYY 0 3& | RIP DVQWHDWM.RG HUYHJGHYHBSHGE! - 6NYDUF WURKIK \WHZ HE LQMICFH
KWB  DAR DJRXQL OM_DIMRGVURIGKDYKW O
7 KIVAHYLFHXVAARYHIDCSURILEP VDQGLQ RP DARQ\RXUAHV GYHBSHGE, Gl HHQMB-RS®! 7 KHDWMIRG GDBEDHLYP DQBGHS
DY RZ HOZ EVHYDRU B\ ( %RZ HD3URSDIDARQR DWMIRG SRUMRY/LVGRHE! DSWRIUP FOEBG2 LEI IWSDWR D1 ( 2
LQRP DIRQ\RROL ( 2 \ 6 GHYHBSHGE! WH2 LEI IMWFRQRIAKP |, G-QINIFDIROR WHDXMIRGYLYP DEAHXQ) WHO 3& \FRO

0 3&KHANHJ KB ADSV KDUYDUGHEX aFIL&KHNG1 "V P

7 KHDIMRGSRMRY/DHHHIHGW\WHE 612 68  DOIGWWWH* 6&  $ WURP HMF & DINBRIXHY

+7KH) IUWMBKDH ' H * )HE (RP DAP DI P RGH

7KHIIWWEDHR RAUZ RN XMCQJ WHP HECP LWRJ OXMGIURP ' H- \WURAJK) HE $ GKRXIK WHRSWAD
TXDODW KDG QRAHIAKHG LW RSP BOYDOH WHAP MY P DIQWGEHZ DvDOHIG K HAHX® | DOAMRILYHKRSH\RKDYHD
AP SHIMRYHW VAP ) RULQWIBCAH \WH I DOMXNREVHYHS RFERAWH YHY LI KW DY .1 9-3/ \WHHLVR



IGMIQI RO WH&E'  \KHH I HAWHEDQGLVHAWHOMD® 9 5 ZIWDQH SRKHWPHR  \HF , QWLVILLINEDWR \KHS' $6
SIRIUP  Z HKDYHHXHQWD RSHDMGLQJIXGHGP RCH

+ 7TKH6HRQG3KDWH MCAH ) HE WO 0 DK 7", PRCH

7TKHWHRGSOHR $' $6 VIWGRQ ) HE ZKHQ\WHQZ H AHIBQAIDW P LLWIRUZ DV P RXQAMS 7 KH ROWFDOTXDDWV
LP SURYHG DG \WH DJQP QAR \WH &8 FROP QY Z W \KH + RXUS$ QXGB! Z DV RSP L] HG \R\KDAKH 7', \FOQ P RGH FRX@ EH

LP SBP HAMG

. W\KH7' , WAKQDHDG  PLO®QY A/ ZHARHUDIHBR VIGD IRU WH/IQ  KRXY CSSWR IPDMY  \T
QUK ,QZIQMMWPH KREHYQ XQ/ WHREDWYH HEIIHBKDVEHDR VTG IQUWPPHMPH K RBHYQ) X/
WH\REOMOH HGIIHBKDVEHQR VTG

7KHLP DH XMW AR BH P DQRCHS JIRRG R LQWH LOMYDOR GFODARY  5°,+10°), on higher declination the curvature of
WHWN BHRP WY QRIFCE® EAWHYHIDOA@WN Z HH GHYHIWWHBW RARICHS DM RAU$ QIGV (QRARR | DJIURP \WH P HIGDD 7KH
RAVHYQ) WP HZ D/GYMGHGHAMHIDD PRY - GLITHHABRIUP V

XUYH R DAMIRGYDIRXQGWHP HIADD LQSDMRX@UDURXQG Saturn' s Lagrangian points and near the opposition

XUH R DAMRG/DNP DDRDUHBRQIDIRY/
) RUBRK SRQVZ HILYHDGARGG FRQAQSDDIWK DG

7TKHDUDRYMHIG Q7' , PRHIW\KRZ QLQ) LI

YL +$UDR \N FRHIGLQ7' , P REH WHI LHB/REVHYHE DAP DDRDUHERQ DR DHUHG FRIUHG Z KIBIWH LHTD/
REVHLYHG DURXQGWHP HIGDQDUHIUHHD

7CEG  JLYH/WHWEBMANAR - \WHUAXOVRRMCHG R GOM

7CEG + 7KHURXOVRAMCHSI P * HRP B RO DK

1H " RUQDIRY
7RB0QP BHUR 3RIMRY/

1HZ 2 BWRN 3RIMRY/
BLQIGI 1 LIKVBRIRYY

1H REW
6SHADCDWMRGVAVARYHHG 7 LRIQY
+1@D +XQIDUD

0 DWARMY  $1 &6

+ 2 BEVHYMQ) DLRXQGWHP HIG DO

70EDT JYHAHUAKOVRARIGHSE. REVHYLQ) DAV RAUS QIBVFRHRWHP HIGDD



7CEG + 2 BHYDIRIOXRRANAY DIRXQGWHP HIAMD

( FIBWF 6XIYHHS [ ' HMRAMG | $ WMRGY

/ DIVYCH VI GJ DIMRO/ | SHANGGD
150< 3 0

b > 150

\RLUOOP BHUR GAMAMGDIMROG/

\XUWH HEOWD VI
DIMRG/SHNT G

\P DWIQIXQUANSDHP HNDM DAV K
\P DWNIQIXQUANSDHP HQWV - DIRVH-

7 KHDXRP HUF DG SKREP HMF SUHAMRQ CRKIRYHG FDQ EHERWAAIP DGR FRP SDUQ) RAUSRIMRYY DG P DIQWGHZ W \KRH
R \RPH DURP HUF FDBB) WY MVH )L )L DG

70EH

YU ' MUBEANROR DANRP HUF URM GO UHIDRYHVR UH HIHAHWELY/

YU =" IMNEANROR SKREP HUE UM GO UHDMYH R UH HIHJAH WY



70EG  , QMIDCHIRYR SKREP HY DOGDWIRP HY

R ts,

R, %s, R, 5,

0.00+0.62

0.00+0.49 | 0.01+0.46

1 RAFHWDWKMHHIRWIQS5 $ DIHOUHJWDQWRHIQ' H-GHWWH7' |, PRCGH

&RP DU \WH SRR Z W WRH JLYHQ B \WH 0 3& 1RUWH QP EHHE DUWMRGY 1Q FRPPRQ \WH HIRY Z LOiOFRP SUM

\WHH RUH DIDVRUAH/ R LOMEDO LGFOQQ) FHMRAQ) DQG WP LQ) HURY RQ RAULP IH/ DG H \MEDOICRRY  DXURP HUF
FDBER) HURY RIBMUIOXRHYBIQIA 7 KHUAKOVI RUFRBWRN REVHYHG DRQGWHP HIGDQDHILYHOR 70EG!  DQG) L

7TOE®! £ 7 KHDXRP HAMF TXDIW | RUQP BHHE DAMR OV REVHYHG DUIRXQG WH P HIADD

5RGOY DA | 1° R RBHYDIRY/ | 3HFHQIROH
!

$ QRAHYDIRY/

$ YHIDH5$ UMGTD +  DRFF
$YHDIH' (& BPMGDD + DR
$ YHH\RBOMMGTD +  DRFF

YL+ 7KHAMMEXNRQR WHDXURP HUE UMGOYR QP EHHGDIMRG/REVHYHGE $' $6 DURXQGWHP HIGDD

YU \KRZVAKHP DIQUCHEWMEXNROR DUDAMRG/GHAMAMNG\WOGRZ




YL+ 7KHP DJQUCHAMMEXNROR DUDAMRG/GAMAMGE $' $6 DURGGWHP HIGDD

+ 2 EVHMQI DAYP DEDRDUHRQDARY/

6 HYH.DOWYAH/KDHKRZ QWHSUAHIAHR DELDVEHE HQWHREVHYHGS WO 1 ($ | IRMRQDQGWHUDORH YRDAK) DOG
&DXL >@0 IFKKHHND > @ 7KWVED/LYGHWR\KHI CRAKDAKHOLIHDIMRG\KYH VREHYHQHDUWHRSSRAMRD
Z KHH$ WRASHIG\WHODIR WHUMP H 0 RIFRHINRP HWMAH/ 70ERKQANDQG( YOO/ > @KDYHSRIQMSRAMH
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3 7KHWIMR \WHDXMRGLOWHO $ 3 3WRILP

0 0%$32BWW

3 3RKMMWNID $3 DIMRGZ WD+ GVAHDR AVFRYHHGEHRIHWHO $ 3 DG\ HNRNVWEVHYHS DIDQ
6 6\IEGDIMRGZ W DQOFFXDA+ P DIQWEHDYGEDWP DOYDUCHON P DIQWGH

$ = Ast raude ( Asteroid discovered by the AUDE Members)

+ $ HJHAVHEDR R P DIQWCHREHYHGE, WHO $30 FPEHY %[ [ WY [[ [ [ PDY BUWKMIRJIDQM
7KHP DJQWGEVIRTBZ HGE D " GHIGHWHSURIWO $ 3 REVIRVZ W DQDHIIHAWAUHEDR QRAKUH
0 3% ,QAFDIROR WH\ HDUDQG\WWHP RON SXECFDIRQLQWHO LGRUBMQH/IXND

7 KHVHREVIRV DHQRABUR WY RBVIAVI ROWHREBQQ) R QZ 0 $3 0 HDKUY/

SHIRG+Y  5SREBNRQSHIRGR \WHDIMRGLOKRAY

9 DUCE $ P SOXGHR QKWOUCE@ONY

4 4 XDDWR WHQIKWXYHSOUIP HAMY 2 WILQ &$// DIG( 0 3

2 WIQ2 WIQ 0 0Q2 WIQ/R \WHEDDQIKEXYH/
5 DRXO/HKUHG:  HEVDWM KW REVZ Z Z XQIHRK aBHUHIG SIHBFRX KWW O
&$// : HAAMIUR %UDY: DWHJKWE ZZZ 0 [GRBMHE BHYHIFRP DA® GH DXOKW
+ DUV&DEIR R 0 DK KWB ADZZZ KDYOGHX IDX P SFKW O
, FOXVUMEZ KW DXURKQUPFRUHTHEX , FOXV, FOXVKF O
0 LRIBOHSHANROR \WWHS$ / 32 7KHO LORI3MOH/IXBUD
3HNBUDYHE HADD KWB \XQNCDX FDVA aSSUDAHF

7KHIRWBZ 1) ICHAOWFRGY 2 WILQ( 0 3 DUB&$/ /  DHXHG

5 HXKOVEDHGRQI UIP HQBY QKBUWYHY P D BHARP SBIMD Z IRY

5 HKOEDHGROGW DRI XQFRHDIH \RWDMWHSHIRGP D EHZ WRY B SHHQWRU\R
$ ORXVHG\RLQAFDMADAVZ KHHDQDP ELIXWH MVDARWHQ® BHUR H WHP DEHE H QIKWRXAYH/
+ HFHWHUAXOW D BHZ R B DD LOMHIDR

BHPUHUAXKOZ WK QR OP ELIXW | X@IKWRXYHFRYHDIH

, QDEAWRQ\R I XAFRHIDIH G{RMAKDAD SRBISRIMROLY BER WG

0 03& 03&0 HQDFPOD 0 R WHDIMRG |RAKH@DND 3&2 5 %I LGIGZ QBOGG
2SS' DM 9 0 RONR WHHHMIORSSRIMRQLOWH\ HIU 2 WILQ( 0 3

' D R WHHHQXDORSSRUMRQLOWH\ HU 2 WILQ( 0 3

9 P DJQWGHDMHRSSRIMRY 2 WILQ( 0 3

91/ 9 PDJQWCHIRMHA R WH1H 0 RRQ 2 WILQ* 8, (
5% +RXUR 5 LIKVS VFHURQIRAKHE R \WH1 HZ 0 RRQDV + 87 2 WIQ* 8, (
0 LOMWVR 5 LIKVS \FHOMRQIRMHP RRQA DV + 87 2WIQ* 8,' (
(& " HUHR ' HRDNRQIRUWHA R WH1 HZ 0 RRQDV + 87 2 WIQ* 8, (
0 LOMWVR " HFRDNRQIRAWHA R WH1 HZ 0 RRQDV + 87 2 WILQ* 8, (
&16 &ROXMIDIRDZ KIFK FRQBEQ/AKHDIMRGROWH@ R \WH1 HZ 0 FRQ 2 WILQ* 8" (

7+(0$3"' $7$9%B6(

Kept by G rard Faure on an Excel Filg, it is updaWWsOERW WP H/B \ HOUDQG FRQBMQY

) RUHCFK DAMIRG DDKHP HDXUA/P DHE \WWHO $3 0 HP EHYDQG\RP HRGSP HDXUB/R \KHO 3%

) RUHCFK DAMRG WHHDUHDORWHRKIR RBILEDCDFFRQMR W+ PDIQUWGHAAMGH  DIG\WHDYHIDIHGAVFUSOERA R
P DJQUYCH

7 KHGHAUSWROR DODKHP DIQWGHWSH/XHGE \WHO $ 3

$ 5 HOBWMDMYH/ ,67 R 0 $3 DAMRG/Z M \KHUDRMIOF P DIQUWCHAVFUSIGR



7CEGT  [EVAERAR WHP D5 GOREDH

&ROMMR \WHO $3 ' DEEDH
, ' $7% R RBWHYHGO $3 RavFwW
,, SHTEWDMH/ ,67 R 0 $3 DAIMRG/Z MW WHUDRXOOH P DIQWAHGAWRHEDR

, ' DIR REVHYHG0 $ 3 REVRV

' DNEDHFROP Q/DIGLQERDNRY
Year/Ann e = Year of the measure
0 0 RQKR \WHP HDXUH
"D -RU ' D DQGIIIRNRQR @ R \KHP HDXUH
1 1HZ P HDXHMQHWHOWY DEEDHXS@DM (RMGE D1 RUDO UL \WHP HDXUHZ D/P RALLHG
o 0 $3 0 DQWHWH
$0Y 9 \XOCP DIQWGHZ W DIMRGHRP SOINRY
*0Y 9 \XOCP DIQWWGHZ W * 6& FRP SDUMRD > RMWVHGIRA UWYMRQ@

80Y  9\XOCPDIQWWCHZLNS612 FRP SOUMRD

80U  SQIOMH3&&' PDIQWGHZIWS612 $ PDI5 FRPSOMRY 1 RAVHGIRM UWMRY@
*0X  8QLWMME&S PDIQWCHZLK* 6& FRP SDIMRD 31 RAVHGIRU+ UYMRQ@
JOX  SQIOMME&SE PDIQWCHZIW/21(26RU $1' 2/ 7 FRP SOMRD

30X  8QIOMHZEE' P DIQWGHZ IW3* 6& FRP SDIMRD

80X  SQIOMME&S' PDIQUHZLKS612 $ PDJ9 FRP SOIMRD

70 X 8QIAMIGEE' PDIQWEHZINT7<&+2 PDJ9 FRPSOURD

80% &8 PDIQUCHZL\NYOHILGMIDIES 612 FRP SOINRD 1 RVHGIRU+ BMMRQ@
805 &&' PDIQWEHZ IWW5HGILGMIDQGS8612 $  FRP SOUMRD 31 RAVHGIRU+ BYMRQ@
*05 &&' P DIQWMGHZ W5 HGILGMIDQG* 68& ARP SIMRD 1 RVHGIRU+ UMMRQ@



/09 &&' PDIQWEHZ WY ILGMIDQG/ 21 (26 RY $1' 2/ 7 FRP SDIMRY
309 &&' PDIQWCEHZ WY |LGMIDYG3* 6& FRP SDIMRD
709 &&' PDIQWEHZLNO IIGMIDG7<&+2 FRP SOMRD
809 && PDIQWCEHZ WY IIGMIDQG8612 $ FRP SOUMRD
2BV 2 BHYHGP DIQWEH
0 X B\NMIEDGAVIEDR R XQLAMMGES! P HDAUA/DQE YAKDOP HDKUBY
\RPHS0 UDQG80 5 P HDXUA/Z LW \ROUMBLY FRP SIUMRQDH\ENHRLQDFFRQIZ N9 5
D" GHLIQDM/DSRMEBIHIRGRAVP HDXH

3UG 3UERMEY 0 3& 0 DIQWCH
23 ' LIHHFHR P DIQUYCHEHE HHD2 BHYHG DG 3UHARMG P DIQWGHY
0 DIQWGHG! I HHFH
[0 [ [ PDIQWGEHI DQMADSHARAG
[[% [ PDQWEHBEWKMDQSHIRMG
8 FHW 0 DIQWGHS GFHARIQIVR \KHP HDXUH

2 BHYH22 BHYDMU 2 BHYHJILWANIP HDQGGQ@P H
$YUQIKWO R QW  DMHIIHP DIQWEHAWUHDR | RUDMP HQIKWSXMQWHOHR \WHI LI FDKUHR \WHQJIKW
9 DURXVIQAFDINRY
"Ul+ [[ ZMWD " 8 HWMQDMHDIH+ P DJQWGEHZ KIEK MU RKHUP HDXUH/
H=%. (EMP 1988 =>4 . = History of the evolution of H magnitude since 1988
1RB 7KH* 0 Y*0 X*05 80 U805 D580 %DH@RAVHEIRMHUWMMROR 0 $3 $ WWRG+ PDIQWGV
/ LIKRXYHSDUIP HMY/
5 RBMRQSHIRGR \WHDAMRGLIOKRAY 0 0Q2 WIQ/ : HAMWW/YHIHEG &$// : DUHIOEG,$8 &DM DUV
$ P SOXGHR QKWOUCH@N 0 DQ2 WILQ/ : HAVMWVIYHKUIHEG &$// : DIHIDQG,$8 &DN DUV
KB REVZZZ XQIHFK aB-KHEG SDIHBARX KW O
KWB ZZZ 0 LRBOHY BHYHJFRRP DX® GH DXOWW
KWB HDZZZ KDYDGHXIDXP SFKR O

7+( 38% ,&$7,2162) 7+( 0$321 7+(0,1253/$1(798//(7,1

7Z ROMFOVODHG KDYHEHSEDKHGIQ 7KHO LRUIBMHNA@ID R $SUO IROPH 1XPEHU $°
$UOXH OG22 AREHU IROPH 1XPEU $° 2 AR HHPBU

7TKHIIWAR \WHP FRQEIQY  REVRWP FDUXUHGDABDMER \X RREVHYHY/Z KR RXQG I WD MP LMUP DIQWGEHAMUHDHEY
7 KHVHRQG DWFAIDHWHUWAXOVIRU. RKHUDWMRG/DABDIMWVBEVHYHG R WUHREVHYHY RWRGAUQ) \WRRUP RIH
RSSRIMRY/ Z W GHA® MP LOUURXOVIRUHIK R \KHP

The range of the discrepancies of the individual measures (Article N 1), or thelist of the measures and the Observers was
furnished (ArticleN 2). A revision of the H absolute Magnitude also was proposed.

70EGI SHXOWR WHVHRGDW®IR RAREHU 6 HH\KH\EEGI RQWHH WADJH

7 KHDIMRGP DIQWGEH/DQGWHUSUREGP V

All the asteroid magnitudes must be based on the V Band. It is not always the case¥s
7 KHWMDUP DIQWGEH/X\HS I RUWHP HDXUH/R \WHDXMIRGP DIQWEH/P XWEHLQWH9 %G IDKHMDOLQWHS Y6
[WHDH® XVHGE WH&E' 2 BBHYHY

$&78$/ )2508/$ )25 7+( 35(' ,&7.21 2) 7+( $33$5(17 $67(52,' 0$*1.78' (6
2WIQ ( SKHPHIGY/R 0 IGRIBOGIV 1R WH,$$ R 6VBHAMIEXU  5X\WID

7TKVIRP XDZ DVOFRSWMGE ,$8 &RPPIWRQ 1H ' HBL 1RYHPHEU \WWHO [CRUIBOHA XD/
, WEDHSRQ\WWH$ BRXMP DIQWGEHR DR$ WMRGEFDMGDN DIRRP LHOCB QWURP \WH6EXQDUGWH( DWW

P DIQUCH+ ® UG ®W> * K * K@

U DQG GHUDUAG-RAMYHD DH \WH KHIRFHQUE DG JHRAHQWE QMG DAVRDUSKDHDQIBI3KDH
+ MKHIEVROWMP DIQWEHIQWHO EDQG

* VWP H3WHVESH SDUP HMU LY XNFRZQ

KL DGSKL DHWE R SKDHIXQRIRYVILYHRBE WHH SR KL H S> 3.33*(tan (betal2) )0.63]
K HS 1.87*(tan (be\D @



7 KHI RP XD SUHIPWVWWH REVHYHS RSSRMRQ VXU HBIG\WHARQ HIUGKRS R | LlQBEWKW@HW DADLUHSKDHDQIGY DGLV YDIG
for 0 <Phase<120 .

+ DQG*  DUHIXQEP HQUCSKRAP HAF SDUIP HAMY/ | RUHIFK P LGRUSOIGHV

7CEGT WWXAOVR WHVHRGDWFBIR RRREHD

03& 5 HYWHG &KDQIH 7RECR| 7RECRI 7RECR

0 LORU3 @QHW + 9DOH +9DOH | PDUQWGH | OHDVXUWV | 2 EVHOHY |2 SSRUMRQV

$@UKDQD

- R\

5RP @D

2 @HD

/ XQDUD

6 DNXQBD

4 XHMOND

$QAHH

6 SIERQAD

$ SKURG\M

3 DQARAD

( XIRER

$® DP DWU

3HRIL

7DIXFKL

0 Dm

0 DQDWD
*2

9HUH

YACBIENHUQ)

) XARQ

7 DNHMKL

YRERYIW QD

0 DQFX\HR + P DIQWGHHLRY
, Q\KH3 DIVGAUQY) WH3KRRIULSKLE SHIRGAVFRYHIHY % SKRIUSKLE P DIQWMGH/Z HIHR WRURKIK® HXP DAG

7 KHFRQMHMRQI URP \KH%EDQGR WHRG\ WP \RWHO EDQGR WHQZ N MMP Z DvFDUIHG RNV \WHDSSUR LP DM
UHDIRQKLS + % P DJQUYCH

7 KHP DIQWMGHY/U-BR NG Z AW WHDAURP HAE P HDAXUAARWKHO 38 R \WQDUHLGFRUMAWDIQG\RP HIP HYI XUNKHG Z LWRXAVWH
FRIFHOHG QIKVWEDQG FRFHHG QI KVWEDG

7KHIFRAA R WHIUDAKMDUFDLEBI XH/ CRXOD XVHG\ HAVOQLP SRUBQVDAMHR \WHHIRYR P DIQWGH
7KHO 3& RXDD WARRBEXM Z W WHKXIHDOP RQAR ADRJILYHIE \WHS XWRP DI 2 BEHYDRUH AR RWHQHZ. P RALLIFDARY

70EG  ADIRIVR MMDUP DIQWGEORXDD X\HS

&DB®] 1DPH| <HU 7REO | 5DQHRI 3KRWP HWF 5 HP DUV
RI6WWUP DIV | RI,\WXH 6V |0 DIQUMGHV ,QDFFXLDR\
1$1' 217 \R %95, HHH¥FHY |9 \R ( FCB\WF ] RCH
* 638& DQG a 9 W W PDJ P DU RQD IRUIDIQMANARLY
*6& 0 9 W || PNW!' PD
8612 $ 0 |%wDwGs ! PDJ 8SW 20° || P DIQWGHVRXW RI 20°
8612 6% 0 %DQG5 P DJ QWMGH 6 HBIPIRQ RQ 6 RDUWSH \ABLY
*8' ( 8612 DG |[55a488M.| %95 W! PDJ
121(26 DG | a R %95, HHHF
8&$& 0 5 I PD 6 RAKMHD BY
7<&+2 0 XS\R9 W PDJ P DJ RQD |RUIDIQMANABLY




6RP HP RAILADARQY/R + 0 QWG KDYHBEHHDP DAHLOQ (B8 B} B WHO 3& BEXWIFHWHOWDM (RRKHIAKDBIH
DESHUHG

7 KHP HMRGVR WHO $ 3 IRUWHREWIQQ] R WHUHYIMHG+ P DIQWGH

$ QDIMRGP D EHIGFOGGLOWHO $ 3 UL IWA/DABDXWUHWOKVR DP DIQUAGHIQHURUIURP LW SUHARMG YDOHLQWH
( SKHP HIGH GAUQ) \WHI LUIMQIKWA LWREVHYDRQE DO $3 0 HP BHU

6RP HIP H/ WH@AUP FDXUVP D \KRZ DOIKWOUCE@OVR \WHREVPAT KHD Ll \WHHLY QRADBR DVIKWAVAWSDER R +
P DIQWGH \WHDHIIHG!  HHIFHR \WHP DIQWXGH\WBIYANVDED GHRU-DHARZ DB/

© MWWHORNR CARXAUDMWMODURDEERI X \WHERP RGP HDUWUH\WHP D QWGHGVAHDCHHY
| RUWH Y\ BEVHYHY/ VR FRP SDHS$ WMRGVZ W MP LOUSUHIRRMG P DIQWGHY
IRUNH&E' 2 BEVHYHY IVARXVHWHERWWMDUP DJQWGEH CRXYOD \WH7\ KR FDBRIXH

7 KHVMDUP DIQWGVXHE T RAMWHP HDXUWVR \WHDWM RGP DIQWEH/P XWEHLQWHO DG
$ VARRQDVSRMED WHDIMRGP DIQWGEDOR P XWNEHEDHSRQWH9 95

$ VZ HKDH YDURVWSH/R RBHYHY YIVOODG&E' DIGHHRYOURXVXVHVR WH&E' APHDV 8 QLAMHGRUILAMHG
P HDXUH DG YOURVWSH/R QIKVWADG  IWQRNMDX WRNRQDAKE measures made for the MAPY4 Then, we only use those
Z KK DHIQWH9 ¥ RUGHIUW

21 RAUH IWVHHWY W KDYHQEP HRXVVDRDMSGP HDXUWAR BHVKUHR \WWHEFRXUR R + P DIQWGH
, QWLVFDH \WHQXP HIRXVP HDXUHVR WP D BN UHSEHWHRYHXOCHUIRYR \KHIHZ LOARXAUDMP HDUXUHY

7KHWP HSDIMHGE \KH$ WWIRGDARHP [ LP XP RUDAKHP LQP DR QIKWAAKRW7 KHD \KHP HDXUA/DHR WRFRIFHOHSR
B\ DIURNRQR WHKDD [P SIMHR QKW

, QAVIGOCP HDKUA/DUHQRUP DD GYLGHG XS DR WHDAMR G QIKVRXUYHDQGWHH | HAAR \KHKDD TP SOMGHLY IO
AP IQ\KHG

) RUHCFK P HDXUH DAL HHIAHR P DI QWCGH BHE HHQ\WH SUHIRMG DG WH REVHLYHG P IQWMGHV LY FDBXDAG

7 KHQI RUHIFK DXMRG WHDHIDIHR WHG! I HHFH/R P DIQWNGHVLYFDBXDAMS QKR QIKW

) DD \WHA!HHFHR + P DIQWGHLY\WHDHDIHR DOXHDYHIIH/FOBXDM | RAWH\CP HDAMRG

$ @KHP DX/ UFHYHGE \WHO $ 3 DIHLGFOG-GLQWHO $3 ' DEEDH EXWRID \RP HR WHP DUHXVHG\R FOBXDMWKH
DHIDIHGAL HHFHR \WH+ P DIQWGEY

0 $3 0 DIQWMGHWSH/
6HH\WH&RQMUWR \WWHO $3 ' DEEDHDDHG JLYHD
1RM $P R WHYHMRQ/R 8612 WHP RMKVHGDQGUHRP PDQG-GIVWH 8612 6% Z W IWNRDUWSHWELY

7KHIRDYR WHP OS5

7+(3%$67$1' )8785((92/87,212) 7+( 0$30(7+2'6

, QIUNZ HVRRN DDKHP HOXUHVILYHRB WH2 EVHYHY\R BEWIP DML W DY SRMEBIVR FARIQMP LOUURXOVZ W YOURXY
2 BHYDNRQP HKRG/

,Q\HRXG Z HP DGHDDOHAR QVFRYHIWHP DJQWGHAL | HIHEAHVEHE HHQWWHH YOURXY2 EVHYDIRQ0 HARG/  Y\KDODG
&&' FEVHYHYDQGEHEHQYDURVWSH/R &&' P DIHY/DQGQIKWEDQRY/XHG

7 KHWUG SKDHZ LOBHWHXVHR  WROELG GYLIDARQYY DOGWHMVHDK R P HERG/WR SHIP VWHRRAQQ) R JRRGUHRXOVI ROWH
XQIOMHGP HDXUWY BHFDXAHIWYIJHHDD Gl LEXQWRCP DMXWY/\RFRRIQ9 | LAMUP HDOXUH I RUDIMIR G/ DOMAMDO9

7KHO $3"' DEEDHQRZ FRQEIQYDRROP QI RMHI XMHWIEGAMDIRY/ 8 SWQZ R \RPH5 P IQWE/R \RDU
WSHMBY Z W DGMDIRQR P D QWGHKDYH BHQXVHG D\WUBHRAWLFDNRD LODIH. -DH/R @AINR QDY

7KHO $3 GRAQVBUHMIG\R REBIQWHP RWFPXUDMP DIQWMGHP HDXUW EXVIQCFRXUR R CERAW P DIQWCH EHAMAKDD
\WHORXDOQFRXUR R QP HRXVQP EHIHG$S WMIRG/ LVR WD SRWEB! QREE®D Z LW \WHI XUWMUHXVHR WBQEDLG GHYLDIRDY
EHE HHGU | HHQNI KWEDQR/



7 KHDQDOWH/R WHO $3 P HOWUH

7CEG \WHDDOMVR \WH [ LLYXANP DKUY

" DAMEXWRQ RI 0 DI QWYGH 7\ SHY IRUWH 0 $3 P HDVXUWHV P DGH XS WR 0 DUFK

9 LWXDCP HDVXUHV
$0Y
80Y
*0Y 1 RWKVHG IRUWH + WHYIVIRQV

8 QLOMHG &&' P HDVXUHV
80X
*0X 1 RWKVHG IRUWH + WHYIVIRQV
80U 1 RWKVHG IRUWH + WHYIVIRQV
/10X

) OMHG &&' P HDVXUHV

709
809
*09 1 RWKVHG IRUWH + LHYIRQV
80 % 1 RWKVHG IRUWH + LHYMIRQV
805 1 RWKVHG IRUWH + LHYIMRQV
/09

,QGH LQIWM P DI QUMGHV 1 RWKVHG IRUWH + UHYIMIRQV

[ ]

5 HP DO

. MWWHGHIYHY R GZ Bl WIUFDEBIXH/ \WHXVHR WHP LQWHO $ 3 HROHG

$ WIWKMKH* 6& Z D/XHGE \WH&S! 2 BVHYHY

7 KHOWHOWLCIFFXDMS 61 2 DQGQREED \WH8 612 63 6ROUWSHWIY Z HHUARP P HG-G
$ AN \WHERXVAL) WMIDUE DIUBIXHIV\RHT\ FKR

7 KHAMUEXAWROR \KHO $ 3 P HDKUAAKRZ V\KDAKHHLYD\P DIXHR [ LGMY/DQGR \KH/ DQERVRY RGHRVAY

7KH DHQRADX \RXVH FRWR WHILOMY GFUDHR \KHQP WP IQWGH QR OFRXUDM WELGHDUMH DAMR G/ WHD GRXED!

Z RNDQGOANR WP H

8 SWWHDOOHMNVR \WH7\RR  IROWH&EE' 9 P HDXUA WHYIKOORGH/Z HHXVHE DVUH HHIH VR AP DM\KH YDIGW R
WH&&' P HDXUWUFHYHGE \WHO $3

7 KUHGL I HHOADCDOVA/R WHO $3 GDWEDHR 0 DUK

$9(5%$*(2) 7+( 0 ($685( ' ,6&5(3$1&,(62) 7+( 0%$.,1 7<3(6

7KHDHIDHR DOKHARHEHH/R \WHLIQAYIGDBOP HOXUHY KDY BHH FOBXOAMS | RUHEFKWEHR \WWH - P DOWSH/R
RARCHEP DX/
7 KLY DYHIDIH KDY BHHQ O WWUEMAMMG RQWH DYH.DJ H WBEDLG G- MDINRQ FBMICHS | RWH7\ KR PHDUXUWY 70 9

0 DJ O\MGH 7RWCRI P HDOVXUIHV S$YHIDIHRI $CGUWQ]
WshHvV WH' IVFUHSDOFIHV RO 7\ FKR




$0Y P HDVXUHV P DU IDIQMU

80 X P HDVXUHV P DU EWKWU
709 P HDVXUHV P DJ IDIQMU

* 0 X P HDVXUAV P DV IDIQMU P DJ EWKWU
80U P HDVXUAV P D) EUWKWU P DJ EWKWU
&203$5,621 % 7: ((19,68%/ $1' 81),/7(5(" ' ,))(5(1&(6 %< $67(52," 21 0$58+

7 KHARP SDUMRQ EHE HHQ\WH YIXDOP HDXUA/DQG\WHXQ LOMMG&E' P HDKUA/RARICGHSZ W\WHS 61 2  DFFREAQ) \R\WH
L QAV.GOOA! I HHIAH/QRMG I RAKHDWMIR G/ RUZ KUK Z HKDG\WHE RWSH/R P HDKUY

6HPRAMG2 BMRV 7 KHRHVIRBZ HSB DABDIV YOO BEHYHYDGU SRMED &&' 2 BHYHY

S5HXOV * GE0S YHIJH' UIHHFH 9 MDD 8 QLAMHG&&! P DQWGHBWKWIIRMHXQLOMHG&&' P HDXUWY

$ SUMRXYVRKHUDIDOMVWSHLQ ~ JDHDUAKOR 7KHQWHDHIJHAVRUEDR VIERW  \R P DIQUEH

*129%6 $9(58* (' ))(5(1&(2) ($&+0$*1,78" (7<3( EDHGROWHGAIIHHFHR WHDHDIHGL I HHFHR

HOFK DAMRGP HDXHWSHE, FRP SOINVROVR\WHCRXDOCDYHIDIHGAL I HHIFHR + P DIQWEHR HIK$ WMIRG

7 KHFDBXOWRQVZ LAEHP DCHZ IW WHERMAUP HDUWXUHYIGRXGHGIQWHO $3 ' DIREDH

( OAK DYHIIH KDV BHHQ O \MUBGAMMG RQ\WWH DYHIDIH\WRQELG GYIDARQRAMCHS | RMH7\ AR - P HDUXUHY

0 DJ QIWGH $YHDIHRI $YHIDIH" Ul $GUWQJ
Z\SH GUIHHFHY * ®EDO UL RQT\ FKR
$0Y P DJ IDQMJ P DJ IDQMJ P DJ IDIOWU
709 P DJ IDQMJ P DJ EWKWMU
*0X P DJ IDIQMUJ P DJ IDIQMU P DJ IDIOWU
80U P DJ EWKWMJ P DJ EWKWU P DJ EUJKWU
80 X P DJ IDQMJ P DJ EWKWMU P DU IDQMU
80Y P DJ IDQMJ P DJ EWKWMU P DJ IDQMU
809 P DJ IDQMJ P DJ IDQMJ P DJ IDQMU
805 P DJ EWKWMJ P DJ EWKWMU P DJ EW KWU
&RFOMRY/

$ @OKHI MO8 QLAMHG8612 6% D70 9 PHOMXUWWDHIGFOGGIQDP O 1P XP UIDQJIHR P DQWGH GASWMWKH
HIHFAR \WHQIKWDUCHON R \WWHDXMR G/ DG \WHVQI KWCEFRXAIR R \KHP HDXUH/

7KH5 DGY% P HOMXUWHY DUHWKH P RIWMXQUXNG QIKWADQRYCP R WRHUHHYHGE WHO $3
: HKDHWHFRRQ LLP DNRQWDWKH* 6& LV WH P RANCEFRXUDIM WRUFDEEBI XH

: HDZ D VKDYHDGVDARQR R P DIQWEHBAR HHQWH YNXOCP HOXUHY/ DIGWHXQLOMHG&&' P HDXUAY/P DAHZ W
\WH8 612 DGWH7\ KR

7 KHYNOCP DQWEH\HP BWIRRGWDR&E' 7\ FKRILAMHG P HDAXUHY EXVWZ HQRAKDYH\ HADJUWHDAXP BHUR 7\ RR



P HDXUHAVMREHVXWH

MVQRZ GHHADY \RXVHWH7\ KR DOG\WHO WP DJQWMGHVIDKHWKDRS P DIQWMGH/DIG\WHS 612 6$
© W DWBQELGGHYIDIRY WHXQIGMMG9 P DIQWMGH/Z R(BEHZ W DQDFRXUIR R DWQKR P DIQUAEH
7KHP DIQUCHQ\RUHEDCAHYI RXQGE \WHO $ 3 R \MQDUHJIU-DRAKDQ\WHP DI QWGHLQARXUIALHY/| RXQGLOWHO $ 3 DOV

7 KHIXWUHR WHO $3
7:20%$,1*2%/6 7TKHEAMUOARAUIR DQGWHMP ST LFDNRQR WHO ( $685( 0 HKRGVE

7KHXVHR \WHERXMFRXUDAM\WEUFDEBIXHVDQGY | LOMY/LL \KHDWMRGLY GRARR 1 DQV

7KHXVHR 0 RQXO / IMVR FRMQRIRQVEHE HHQWHO $ 3 DWMIRG/DQG\WH/ RIRY 36* & RUT\VAKR WY HYHRI RUWH
YIXOCREVHYHY

7 KHVFDUAK DQGWHXHR  WBQELGGHYIDIRY |RUHFK &8 FIP HDVRSHIP VWHIFPXUIR R KIVXQ LGMBGP HDAUY/
6RP HWIVRY \NQEDGDAMROG/ Z 1\ \P DOYCUCE@OW POIQWGH DOG\KUH+ P DIQUGHRW WHARQLLP DARD
R WHWNQELGGHYDIRY/R YOURVWSHVR &&' P HDKUWY

7KHQZ PHDXHR WHRB&E'  LP DIHVZ W \KH I XXUH ERXNVKBUE DB XHY

) LADOFRGFOMRQ

7KHO $3 ZRNLVXHXO
7RGMVWHDIMRG/Z MW HIRYR + P QJQWAHDGW\XIIHWWHUMMROR 1DOH+ P DIQWGEHY BYHDZ W DVDIKW
URGOOTHRAIR
7 RSHP VE-WVXMH HSKHP HIGHY DG WRMYAFADY. RIWRQGLP HMY/
7RGAMWRP HIP H/DIMRG/Z 1M D JUHDADIKWIP SDXEH DV $0
7RRAMOQDURIK HANP DMR \WHP D) QWGHGDIRY

7RSHP MDVAHMVIE Z RIN Z WWRXAWP SRIBONP HDQV DG Z DKRAWWERY) FEVHYDARQY | RUHDRK MU HY 8 VH XA RUEDG
FIP DM/RAMRYMP H/R FEVHYQ)

YAHQMQHIQWHO $3 LI \RKZ WK

5 HHHFAV

$8' (1 HEVWM KWB DWIRVXU FRP DXCH

5 DRXOAHKUHQG : HEMMR / UKWXUHY KWB REVZ Z Z XQUIH FK aEHKUHQG SDIHBFRX KW O

&$!/ KWE ZZZ 0 IQRBOQHY EVHYHUFRP DW® GHDXUKW

$OQ+ DUV / LIKWXYH $ WMIRG & DIBRIXH KW FID ZZ Z KDYDUG HGX IDX OAV/ LIKWXLYH DVWK\R O
$$ — 5XWD ( SKHP HUGHV R 0 IQRU3 OQHW 1URP \R

0 ICRU3 OQHV&HQMU 9DURXV' DWW RQ$WMRGY KWB HDZZZ KDYDUGHGX IDX QW0 3/ MV KW O
) IBVR 2 LEEMUCHBP HOVR $VWMRGY KWB ADZZZ KDYDUWBHGX SXEO 3&2 5%

0 IQRU3 OQHVE HAIRY  7KH 0 IQRU3 DQHX®BMYD  1URP \R
R WH$/ 32 KWB ZZZ GU RQD HEX alKODGR P IQBMQKW O
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(UE: (G
+ REDK ) RXQDIRY . CBHBERBL % . CBHBERY YHOP  HIFHW KRECRK | RAUDNRQARP

5 H®RNRQVDUHP DGHDERVWHAVRYHY R GHZ 1DIQI7 URBQY , WHHP VIQGHHG\WDWZ HDUHDSSURDAKLQ) \WHHOIG LQGVARYHIQ)
Q - XS\MJ7 URBQY DVIDUDVD@P MY PDIQWAHR 9 LVHIMMDIHG ; KDAFRXG EHWHUDRQIRUKLY" $UHZ HUHDID
DSSURDAKLQ) DQHIG DVMNHFRQHNXHFHWDWRH H\KRXG EHDNGG R J DS BHEHHD | DIOADQG | DLQMKT LRDQV DWHP LY
anyway the presence of « |DLQMX Trojansin L4 and L5 RULVIVWAKHFRQHTXHIFHR \WHI CRARDASURHINQXKP HOVDUH
QRNHDAKLQ) EH RIGWHIP MY P DIQWMGH IURP ZKHHRQZHP D, H SHFAMR GVFRHUDIDIQQH. 7URDQY

, QRRGXPARY

7URAQV/DHIRUP DY BDRY [P SRYIQVEMAVVR LQHXIDAM D\MAMHUGVRYHY 7KH P D EHUHDMGZ MW FRP HVFCBMUG
B\ WHIWDY\BARDO LHTER - XS\ EXVWH FOQDOR EHUHP (DQAP DMUDO URP \WWHWWP HR \WHIRUP DMRQR \WH\RDUM AP
7KHTXHIRDZ K\ - XSWU7 URQ/DUHCFR® XD DAK R SDWXOUSORHVIQWHVRDM WP IRIKD  GIUHVIKHIG DG

GHUH/EHKQGROWHREVWR - XS\ KDVEHHQP DXHP DIFDI GHP RQMDAMGE / DIWQIH UDRQZK \WHH
SDMFX@USRMRY/ KDYHEHHQFD®G/ DIWDQJIHAEDNRQSRON/  DQG/

1 HZ LOYHWAIDARQY

3UHHUVRRHYDIRDOP\KRZ VD UDEG GHRICHIQIEROWMP DIQWGH \RZ DB/ DQRMYDDH/ ZKHD FRQIGHIQ) GZ O
QAVFRYHHG 7 UREQ DAMR G/ 7 KVMXGHR. LVOOR FBO® \KRZ QLOWHPXP XDAWHGAWMEXNRQPXUHVR - XSAMU7 URBQ/

Z KIFK DUHP ROKO SIRIGGE. WHO LGRUIBOCHARHIMIQO0 DACRKXHAW 8 6/ HAXVAKHIH RIHGRN DADWSLFDOH CP SBIR
\KFK DPXP XOMWYHAMMEXIROFXYH ) LI

YL - XSU7 U/ GMMEXIROFXYH 0 3&

© HP D DWXP HWDAVGAUQ) \KHOWWUHH\ HOLY HIHALY AN FRYHIQ) KDVEHHQGHD® CFFRP SDKHGE! WHOUHUDIMRG
\FDUK SRIUPV /,1($5 /21 (26 6S0AHZ DRK &DBIDDGL ($7

/,1($5 LVARHIQ) WHW [LIRP TXDADMHR TXOADMHDGIRP G GRIK\R  GH \RXK TXAMEHDXWXE@ GRZQ\R

PD)  RUR 7KHHDH\RPHIDSV QREED LOWH- XO $XIXWADIQ VDRQ EXVWKHHLYH FHIDOALIKWR QLIKWIQG P RQKN\R

P RQK DQGRSSRIMRQ\R RSSRUMRQ ANJH DQGWHWIRY HIHAAR \KYVRQWHQP EHIQ) R P LGRUSOCHVLYEHRP LQ) HYGHW
%4IDQ0 DIGHD SUYDMARP P XQFDIRY

YURP )LL) ZHP D \WHHRHIQHMWDABUQ DOV URBQVZ L\ CEVROMYP DIQUYGH/ AW WDQ+ KDHEHHD
QAVRHHG MGAHWHGFDIROR \WHIQGRIRQ SRQM URP \KHGMUEXNRO FXYHLYDP HDWKUHI RUFRP SBIMHW ( QW



+ RZ HYHU 7 URBQVZ WK KLIK LGRICDMRQ\MIG\R EHQVARYHIHG P XFK MMIGAUQ) WHWHDRHY 6IGFHWH P D KDYH RQ® D

\P DOLQ OHFHXSROWHDSHAR \WHAMMEXIROPXAYH \WH  \KRXGWHHH RUIHQRAKDYHVR EHVENHRLQR CFFRXQN) L

Z KIFK WKRZ VWHQ® BHUR - XSIAMU7 URIQY YHIXVS EVROWMO DIQUNGH LV TXMMIQMMANY  MGFHIVKDY DI RWY DAMDQKTSH
FRQLUP L RAUILQBQIVIURP \KHPXP XDIYHGEWMB FXYH/

YU 1XPELUR 7URBQ/ $EVRXMO DIQWEH 0 3&

, QMM DORLVAKRHXQH SHAMGSHINDA- WHUAXOVURP LOMAMYHVHDURKHVE, /1 ( $5 G @Y HEXDW DG
0 DUK |QAFDAYY) SURECED \WHSUAHIFHR DFDXOCRUBICFOMAMUR /  7URBQY  REMIAW DV , QSURSRIRD
Z W IGRIDIQ) @P MY P IQWMGHWHXP P LWR MY SGRAZ L@P RYHVR KLIKHUYDOHY Z KUBIP RYIQ) DARH\LP HWP HVR | QMU

BROWP DQWEY W IGEHQHHADY WZ DWRMWHIRTBZ 1Q) RSSRAWROR /7 URBYY LORGHMR LOM BUHM\KLY DUNCRWY
P RIHDSSURSUDMD

MWREBZVIXAWHIGRP I B QQHDUH WESRDINRQ WONERAW P RH7URBQVP D EHAVARHHG U \WH \KRXGEH
SHHMOQWHUWIQIHR + * UHP HP BHIQY \KDAY URBQVDHGFDMS DNHA® \WWHVPHAMWEAH  $ 8 ( (KDQAQ)
\WH@P MY P DIQWGEHR \WHVHIK SIRIUP VP D \WHH RIHURXOMQWHAVRYHY R QHZ 1 DQAT URBDY/

5 HHHPAV

Lagrange J. P., Le probleme destrois corps, Prix del' Acad mie Royale des Sciences de Paris, tome 1X, 1772

(W :  $WHZHDESHRAKQ WHHGR DAMRG GVARHY " 3QHBY DG6 SFH6AHIH

$ ANCRZ G HP HQW

, W DSBDHXUHRWKDONWHO LCRUS @H/&HIMI O DALV 86 1 RUDEBZ LQ) XVWRXAHVRP HR \WWHUILIXUHY
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6HJIR) RICD

6HIIR=00.$ VARGRP LFDC2 EHYDRY 8%, 0 LRIBOHVEHAIRY ) YAVBLL 0 LOGR ,\ID
HP DOVIRIA¢ CEHRIW

3KRRHBAUE RAVHYDIRY R 1 HDU ( DUK $MMRG 7 ZHHPDHRY' HHPEU ILRP 6HDIIGR =DQ
$VIRQRP LFDC2 EHYDRY GFDAGLQ/ XPH]DGH \BO 03& &RGH  XMQID  FP 5WKH &KUHHDWBVRSHZIWD 3
QG FKDQHSKRAPHM $ * &) N UWDAR VI QDOUHFHYHUZ DVXVHG\R GHALP LGHS QYHIDO7IPH ' XUQ) MV QIKVWKH

JHAHMF GMWICHHR : 7 ZDVRQ $ 8 DIGIWZDVYHY QLILEXOWR [LQG FRP SDUMRQVMBLYY GH R \KHI DWAP RINRQ
R WH P LCRU SIXHV 2 BHYDINIRQDOY SHIRG FRHU. KR TUIRP GHRHPEHY 87 RGEHPELU 87
\VSHAWKP DD VR WH RBMBLCHS DM JLYHY D SIREDEBI SHIRG R LIRBANRQR KRXY/ 2 BEVHOYHG DP SDIMGHIQWHO BDQG

ZDVHIDUJHSE WHBELWIKWHAR \WHARP SDIMRQVMBUXVHG
7TKHIRZ Q) LV \KHREMILCHS Q) KWAXUYH UHGFHG VR WHO PDIQWGEHXNMQ) WHUHDWMRO

V(1,0) =V - 53log(r D) + 2.5>log[(1-9) *Fy + 9> F, ]
Fy = expt 3.33tan(b/2)|*%2
F, =expt 1.87 {ftan(b/2)|-?

ZKHH
REHYHZ9 P DIQUNGH
KHIRFHQUF GMBGRH

JHRAHQUIF GBI
\BSHSDLLP HMJ

SKDHDQI®

o wgCc o

JD 2452200+
59,36 59,40 59,44 59,48 59,52 59,56 59,60
2 S

18,0 4 d

V(1,0)

18,2 —ve @90

18,4 4
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aHMRS$ QBHII

5 XdHRARENRYL, QXYM GYIMRQR 0 DMIDYSAMEV 7KIQ) LP V/ DERDRY %AMQbND  32%

=DUE &R

DQBHF¢ UXGWULLE KU

, QUFHQAP H P DQ DGYDQRHGDP DX/ DQG WP DADWARGRP LFDODAMMY KDYHDFFHMR P FOW\MBPVRSHY 0 RWR \WHH
\MBVARSHYDUH 1 HZ \RQDQVRURIWIFDCS. DWHILDLQY ERKMWSHVKDYLQ) SDUDERTF SUP DU P LLLRY 7 KHVHLQWWKP HOWDUHHKH
\HD P DGH RUDIHRTBLQWKP HOMKDADHGRABUP DU IRFDUAK LOXKP HQVDQ PRH 7R DEDSWAHP IRUSE'  SKRRIUDSK\
RHXXO® QHHB/D IIHT FRIHARUZ KIFK FRIMAMWHR O LVARP DR WHSUP DU P LLLRUDQG DAKH\DP H\WP H | OWHD/\WH

LP DIHSDHVR WDAKHZ KRBI&S  VHHD\KDLS LP DIH |, | KLY GV WP DOR VKRUAMV\KHI RFDOBIIWK LW/ X\XD@ FDIGED

\MBHRP SLHARU

It is supposed that such telescopes will be equipped with 1° CCDs, with a possible upgrade up to 2° in the years to come, as
\WHSUFH/R \XRK FDPHDVID@Z WP H $OR D SRONRXAAH MU IPDIHR CERAW P VAEBNHQ DV\RHXSSHU@P IWR \KH
DAR-BMBE®ILP DIHEOU / DUHJLOWAKP HQIV IRFDCBRIW R DEXW P XSZ DB/ ZIGKDYH@UWHMHQ) EOW/ VR nP EQURDQ
EHVRBLDMSIQWFK DFDVH $ UM R \MRE® FRIUHARUGALI QVLY SIWHRMG WRUMY) [URP DMQI GIGRYVILHTS | MMHHI XS W

D OGLVPXASH JOWIRDCFRRIHARY

, VAV RXQG \KDWIQI B BRVARULHARLY KDYH QR VHVHLQVKAK DQ DULDQI HP HOADVWHLP DIHLP SURYHP HOAVP DUILDCRUGRY

H IMMASWMBVFRSH/DURXQG P LQ@DP HAL | LHTS | @WHEHY/GR LP SLRYHWKHLP DI HVKDUSGHW D QMBI EXVRLYHIHAWY
FRP SBIMD KIGEHDE\ \WHR O LVARP D 7KH I LUWXVDEBIFRILIHARUGHLI QLD IR BIV5 RWFRIHARU Z KIFK LV X\CE®I DVRADO
WDIRVR DERAY  RUGUHJ ) RUIDXAUP LLLRY IWDLGY\R SURGXAH\P DEHRXIK SRQAP DIHY DAKRXIK FRP DLV \IMDI UHD/®

UHG

7KHIUDWGYDQIHR D5 RWFRIIHFARULY WDWMV RCH JOW G QZ W UHD{ HS\WWBLDH \R IWDQEHSUIRGHGE DWNOG
DP DMXURSWADQ 0 DQ  CP DMXUWWBVARSH EXL@HUDUIH\WNABG HRXIK \R DIWP SWXFK DZ RIN

7KHILIXHD®D JRRG FRIUHARULYWHWUHHORV: \ GHFRUHARU Z KIFK LVR\MIXVHE RO U HUWBVARSH/ |, WA ANKMIRCH JOW
AUIQ BXVWHRBLDGRH/R  LOAMGDOBRY/NXUDAH/DHYHY \WKWS NGB RSWADQLY GHHIHG\R SURSFHVKAK D FRIUHARU

\XFHFHM XD

| DIWEXWRABDWVDQH DP SBIR P RGHOP XASHIIOW  GLRVIRFDOHAUIRUDY)  SDUDERTE P LURULVSURHOAG , W
\ROLDGRH/ DIHQRAR W KWDVWWHRHWVR WH: \ GHFRIWHARU EXVMWHILHY - QLTHHQA@WHY DABDWRHR Z KIFK LA LEXOV
RJIUQGDQGSRDK $IDLQ DWIBGRSWADQL\KHERAVWKR FHIRUP DQIDRAMIQ) R \XAK DFRIHARU

, QRRGXPARY

7THDVRVZ IWCSHWUWVEHEHD DG P DHQW
FROUGHIHG SUP DN UAHDUFK LOWKP HQVDQ P RIHDQG DA
R\WQEHQ) FRHERUCAFHWLY JUDQMG\R VHUIRXV TP DU
JURKSV $ VWKH\CP HWP H P RIHDQGP RHIP DAKY/DUH
EX@Q) LQAKP HQVIQWM\] HUDQIH 7 KLY DWFBILY
\BUHAG\R\M-P  DXXP LQ) \KDWHWBVARSHY Z LOEHXHG
IRU&&' PO , QKK DFDH WHMBWVARSHRSWADIRH
LVRAVCEEGIR FRHIQ) WH&E' FKLS HHRWWE
PRHOPHDXMWDWDORH\D  \R RH 7KDV

P HDQ/WDARP HVRWIR | LHTS FRUMARU FROIKRRG | URP
RHR\VAYHDOBRA/LY GHE-G\R | OMQWHI LHE DGR
UBFHWHRI [ VOEHDMRQ/R \WHWDVARSHRSWRY , QWH
DIOOMYSHHQAMGEHBZ D P \MDVARSHZ W DSDUERIE
P LWRJZ W DIRDODIRR  LVDWKP HG 7KHUDRQIRU
KLY FKRFHLV\KDVRUVGERZ HUP LURY \KH\CP HFRIRARLY
FOQEHXVHG DQGWH Z LO@BURGFHDEHMULP DIHTXDDW
\WDQDVRDODIRR — $ QRMHUBDIRQZ D/P RHSUTRNDD
PRWR \KHHGMIQVZ HHWWAHELOARQQHANROVR \KH
GQZ 9 \MQEQ2 BHYDRY \MBVARSH ZKIEKLVD P )
LQKKP HQVL RZ | RARHFDHR DSOUTEQE P LWRJ D
FRAARUGALIQHE | RURGHI RDODAR Z LSHIRP BHWUDY
\WHI RFDOUDIR LV LGRBDHG 2 | FRAYH WHAMBFHERE HHQ

\WH OWFRUHARUVXU DFH DQG\WHI RFDOSDIGH KDAR EHN-BW
DARH\CP HYDOH DVIQWHRUIIGDOGMIQ 5 & KISHERIF
SUP DU/ DHQRANMAHGIQGHBIO DAKH  DUHUHDMYHD
DU EXVWHI HZ MDY GRGHLQEFDM\KDNCP HFRUWHARU
GMIQ/Z RINZ WWWKHP DR EXVWH KDYHVR EHRSWP MG
| RUMH SDUAX@IUS & P ILIRJ DVHOFK 5 & P LLURUKDVXQTXH
\KCBH

1 \KH\MBWARSH DSHWMUHLY FKDQIHG \WHVFDEIQ) XOVAQ
EHXVHG\R SUHE FAWWHFRIWARUSHIRP DGFH 7KHP RW
LP SRMIQVFDXY WXBVI RURXUFDHDUHDY | RTBZ V

I DOAP HMRY/R DQRSWFIOX AP DUHP XQISIHS
\FDBG B\ DI H3I CARU \SRABDIUIP VZ LODOREH
P XOEOHGE WH\CP HIDRRU

LQKFK DSURFHBXUH [ LHTS DQIGV DHSUAHYHG

7 KHI LU XL STHAKDAMY TXAM\D HVR UHGEHKH] H
R CQRSWAIOX WP D/WHQDDSRVZ [@EHUHGHEGE
\WH\DP HI DARU + RZ HYHU DVOXGBT KBV \KH LTS
DQIGVZ [OQRAEHADIHGE \KFK DVFDEY) 7 KXV \KH
QQDUIHBR Y R \WHRWIDOGMIQZ LGOOR EH
GOAEGE \WHDIY | CARU , Q\WLYI CRMIHAKRHRID
@YHKIGHIQWHVADEQY SURFHEXUH Ll DI WMH VDX



WHQQHUI IHBR YL KDAREHIGRUDHS WHR | O LV
CEHUDIRQ/P D H SBCH 2 WHZ DV Ll \KHRSWADIOX \WP
LVHODUHGLIOM] H \WHEHDMRQ/Z L@DOREHP DIQI LHGR
\WH\CP HI CRRL 96AML \WH\CP HOGHDUI LHTR Y LV

UG WHUAKEMY GRUDHIQWHDQIXOUILHGR YIHZ

P D WYOBURGEH\DIN CRRLY . BRXOV

JLUXH $Q P) WBWRSHZWD: \ HFRIWARUKDY
EHQWVDBGGZ QW AP R DSHWMUH DOGD\MZ DB/ \KH
QQHDUIHBR YIHZ KDVEHHDI RIAHG\R I \WH\EP H 7KH
XY | REBLGRUHDHLQDQIXDU LHTB URKEMGLQKXIH
RI O LVOEHUDARY/ D/LVIEAMDMGZ W \RH\SRAGDIUP V/
| ROWHHGIHR WHILBGR Y EHBZ \WHFRUASRGQ)
\MBMVARSHVNHRKHY | QWKAK DFDH \WH\FDIY KBVIDIOR
GHDYHWHUHNXUHG SHIRUP DOFH

YHRHZ HWEWWIDD] LQ) SRMEGIFRIHARU
FRQLIXDNRY Z HQHHG\R GAMP LCHVRP HEDMF

SOIP HMYR \KHFRP SBIMLP DILQ) M VMWP TURP VFHQ)
\KURXIK \WWH\MBVARSH RS/ DG XS W\WHE& &' \KUDAH

7 KHWIHIOHHQ) H SHIHFHG DAY XVHGE. 0P DMK/
DG RUHJRRHYDRUHY1Q SRXOMEDHDVR ( XURSHLYQRWV
DVJIRRGD/DAKHERWWEVHYDRLY VWMWY : HAOQMVO HD
assume that it will be about 1° at best, values around 2°
EHQ P XK P RHSIRCE® &RP BQQ) WLV Z W | RFDD

%U P INRRP HWWY

GRIMVR \HYH.DOP HMY WD HHFRQMILOWH P FDW

WBVARSH/ Z HDUYH\R\VHHQ) GVAAHYHIDOMY/R
P LFURP HMYLQGLP HAU ) LJ

) RFDOBIQJ\M P

) LIXUH  Blur disk size caused by seeing between 1°
(lover line) and 2° (upper line) as function of the telescope
| RFOOBQIW

7 KHHDUHGHARP SBf IWR  DIHHGFRHRARUGBH/
P RI® ROWHUHNNUHGIIHBR YiH.  Z KK RQIWRZ QLY

FOO® GHICGHEE WHMI HR WH&S&' FKS ZHZ DQARX\H
7 KHUHDWRQ BHA HRWWHFKLS M H DG WHUHMXUHG

2,
ol

AP HAMUR WHIIHBR YIHZ LVIAXMADMG RQWH) LI

) LUUXWH  UHDIVHM] HR &&' AKISVXHGI RUDP DMKUDG
\VHP L UR HMRIODDWRRP IHOZ RN GIY. QSUK P DMD \R
\VAD®! 7 KHO! WRCH LY WSO RUJRRG P DMXU& &'
cameras, a 1° chipis used by serious amateurs and
proffesionals with alow budget alike, and 2° may be

Z MLQWHUIUDS LQH WLYHW M\ HOWY 7 KHUHG

QP BHY ILYHWHUHDXUHSGCP HMUR \WWHZ HOFRUWHRAMG
IIHBGR YIHZ R \WH\WBWARSH LQP LAa@P HWH/

7TKH&&'  FKLSVKDYHTXOMQL | HMQAB HOM HY \RP HZ KHH
EHEHD DG 1P ZLWWHWHIGIRQ) \RZ DB/AP DU
S HY \WHDYHIIHEHQ) FAUHQ® DRXQG P

&FP B.QQ) \KLVZ W \KH| CRAKDAKHWEULP DIHKDAREHDV
GDXWE RS HYLQGDP HAU \RDIRZ SUHAVHDXRP HY
DGSKRAPHY  DQGZ WWWHM] HR \WHVHHQ) G\F
QVPXWHGEH RUH MY REYLRXV\KDARHEOURLLFBIR \KH
FRUHARUGHHB/GRAR BHP XFK \P DEBUWDQ CERXNE HON

P LFURP HMY 6R LQWHI RIBZ L) DCDOMY \WHDFR-BIE®!



\SRGDIWP GOP HMJZ DABN-QWEHCERW P LOWH
FHOMUR WHILGBG DOGOERWE LIFHR WDAKHH \WHP H
H3H

| DWEXVRNBDWMAHEURDG\SHADOHMMW R &8
\WDNDQJIHVI URP GHDUS 9 @ FDQEH\HAD/DSIFWDD
QP IWRUGZ DOVYCHREVHYDRUHY \RCERAW nP 1QQHU
5 UATXLLAYP RUHDARQINROR EH SXWRQFURP DIV
CEHUDIRQYDVIQWHFDHR YWKDORUSKRRIUDSKLE G/
$VPRIM&E' VKDHWHUSHNV-RAMWGDU @
KLY/ VAR EHVKH FHQABCY. DYHBIIW | ROWHUD WEALQY
DQGRSWP 1] DARQDIOMYR WHFRIHRARY GG
EHBZ 7KHRAHM\ZRZ DHDQWVZ HHHAR DG

P DMWHSIIRWDOIP WR WHUIQIHIQZ KIFK
&&' VOUHVFQIMYH

6SRAADIUP Z DVFKRHQDV\KH DEDOWDORRO RU
DXAMQ) \WHFRWARUSHIRP DIFH $ GRRAIK \WH\SRW
ADIUP OAWVSUHHTXON IFDARQR CEHUDARY/LORYHG
LQRIDAY MVKDYDIWDADGDQMIHR EHQJ DYWKDD
HDX R XQEHKBIG\RRO RUGHP ROXDIY \KHSHIRP DGFH
R DQRSWAOX WP, QIHHDAY D\SRMGDIUP \KH
HDGFHOSHWMUHR \KHRSWADOX WP LVGAYIGHGIQRD
OUHQ® BHUR HNOCSOW DOGDQKWD |URP \KHRENFW
LQRXUFDVHDSRQNRXUHZ KLFK Z HFDQLP DILGHD/ DU
DAGMUH{G SOFHIQWHILHTBR Y WAHQAKURXIK HOFK R
WHHSOW 7KHSDN R HIFK WD XD | RAKBHARRY
L\ FOBX DG DQG\WH SRQAZ KHIHIWARKHKURIK \KH

LP JHSDHLYP DNHGRQWHLP DIHSDH 7 KHARMQ)
SRQVIRUR WD VILYHWHEOURLFBIKDAKAK DQRSWAD
VWP Z RABSIRAHE WH@Z VR JHRP HUFDCRSNY
DRH LH \WHG! IRANRQLY HIORMS

D

PP

YLUXWH D $QHCPSBIR D GWUBMRORYHH
HADGRH DSHWUHXVHG\R FDBX@MD\GRAEDIUEP ,Q
JHIH.DO VHYH DOKXQBHG\R \HYH DOKRADQG D VOH
AMMEXME HYHID RYHAMHHADGRHDSH WU

E \WHUAXEOMY \SRABDIUP  Z W D\RBLDFH ALFBISTWG
DURXQGIWL RMWWDARHUD VR WUHHQL | HIHQAZ DHBIIRY
XVHG LQWHFDBXOMRY DHFRGGE. Gl I HHQVRRY %OH
LV XVHG | RAMH KRG | RARHEQIHXDQGI BHDI RAWH
P LG3BIZ DHBIIW WIDBBWR \WHUDRXDOARBLY

$ @UAKOVSUHAGLOWLY DMFGIZ HHREBGHGE. WH
IUHYHMRQR WHRSWADOGMIQSIRIUP 26/ 2 / 7
9  ZKIFKFDQEHGRZ QBOGHEDMHI RIZ L) DEGHW

KW ZZZ MCRSWHRP

7 KHSHJRWP DOAHR WHSDLDERTF P LULRUDERCH

oY PP )29 PP @D

) UXWH 3SDUIERIFPIURJ P)  1QWVAH H KEWD
YHY WARQ) ARP DZ KIFK @P IWWKHXVCEBH LHBR YIHZ WD
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WBVARSHIXAQ) Z KIFK Z RXGBLGRUHDH\WHFRWDQG P DNH
WH AP P RUHGL [ LEXOWRXH

7RP HHAWWHHG-P DB/ Z HP DGHD\MBVFRSHP RXQIZ LW D
[ RN WSHI URNRQGUYHW WP DOGZ MW VHYRP RELY/RQ
ERN [ BV HIEQQ SUHFAVHWIRN.GQJ DvZ HTDVI DINGE LQ)
ZIKXS\R ° VHRQG 7 KHSROUDQGHNXORUDOGMWNY O
GIVQE DG URDLY LASHRMHD \MURKIK
ZRP JHLYDQGVHYRP RRY 8 QIXNGGH SRKMV/R XS
R P LOMYGAUDIRQDHSRMED]

7RSRMVIKHP LLRJIURP GANDGP RMWXYUHZ KHOWH
\MPVRSHLYQRAQXVH Z HD33HGP RRU H51@BY 7KH
P RQMDH IRWDGE®Z HUSDYR 27$ ZHHP DGHR

MQ\KHHAXMHCDQG \KCSHEROD&: 1 & P ODRKLGHIRUD
POIPXP SUAMRY

([ \WDAHKDYBHH GHYRMGR\WWH SHEH A PXOUW R \KH
SRDUBQG\WHHDXDRUDT HYZ KIFK KDYHBHHFDUH X
DOAMMG R OF P LQ XMQ) OVHIWRQTXH

7KHSUP DY | RAXVDWHP E® FROBIQYDQRSWACFRUHARU
KRAMQ) DP RRL H31 RPMQ) GHYIFH DIRUSRIMRYI LGMJ
ZKHDGD&S' FPHD  7ROAHYHWHGMUHGGIWH
R 1P DJHFRUHANRQWHKRAMQ) KDVEHHQP LAGWRKLIK
RBLDGRH/  DAXUQ) SURSHUFRWHARUGQVAMBRY © H
XHWHWIQEDGYHHDO 5 PP QCP HAMJILGMJ
HVURP WH2 PHID2 SVDD  $ \GHADO RAXVFDUIDIH
GMAHLYGUIYHOE, DWARESHUP RRUDQG FOUH/ARHI LG
ZKHD@BWHEE' AP HD $ OR \WHI LOMJIZ KHHOFRQURO
LVIXT® P R H3DQGFRP SXAUFRQARTG 7KH N[ N

) IQJHY DNH,QIUPHIV ~ &&' FOP HDKDVD\WMQRHG
EDANVIGHLOP LDMSVHRRU 0 DQ\MBVARSH\SHAL LFDARY/
DUH\KP P DU} HGLQWIE®!

3UP DY P IURJ PP | SDUERBG

&RP DFRIMARU S \QH OQVZIW [ RONDD
SRZHJ

" I0P HAUR FRUHAMG | LHT PP

6\ WP | RFDOBI\K PP

6\ VWP UHROMRQ DIAHFZIWK P S[HY

)IHBR YHZ RQ N[ N&& o e

7 HBVFRSHP RAQWV IRINWSH [URNRQGIYH  VHYR
PRRLY

LP WY P DIQWGH IO PIQHSRKH P ZIW

9 IGMJ

7T0E®  YOUF \MBVARSHRKDIDRMIMIFR/



7 HPVARSH( GRPARQFY

7KHP DQSXSRHR WHHDRRQFV VR CFR-BWRP P DB/
[URP WHP DIQFRP SXMUDQG\R FROMROKH\VHYRP RRLY
DOGRAHUP RRLY , WRQIMVR \HYHDOXQW 7 KHSRZ HJ
WBIH/R \WHVHYRVDHER ( SUGQ( E' LINMOSHYR

" UYH/IURP (P HIRQO RIRQ&RQARD 7 KHP DO HDMUMH
IURP WHFRQWKARUSROQW YLHZ AKDAKH DUH
FRWRBGLIQWHVIP HZ D' D/AMP SBIKEIQ) P RRU
FRURDLY B\ DABRNRQMIDODGDMAS SXOH 6RWH
UAR HBPRQFVGRVQRAGHHGWRZ RN CERXAMKH GABLY
R \HYRVDQGFDQEHXHG RUKESHY Z WWRANQ FKDQIH
7 KHP DQSURAHMQ) XQWYEXLONURXQG\WHS DERW

P LFURARQURTBL Z KLFK KDVDFRP P DQG\HAEDHGROWHRT
= SURFHXRJ 7KHSIRIUP |RUMZ UMKDLQWH' \ TP LE
& OYXIHZ KIFK LVOQH WIMRQR & DQGOBZ V

H HRAURQR \HP LQI® SOUIEBOSIRIUP V 7 KH5 CERW
SURFHWRUFRP P XQEDM/Z WK \KHP DIQFRP SAMIXMQY
HWHJ56  RK6  LQMIOAH 2 QDVFEDDMERDSG RO
Z KIFK\WHP DOXQWA/SLI\ EDANHG \KHHDUHI XURHAMUH
$WHB7 6 P LRRRMRDLYZ KK DHXHEDY
LQMDIHYBHAMRQSXOHILYHY  RGHI RAWHMGHID0
FEFAN DOGWHRKHAZ R RAKHUWKWDAHMRQDG
GRIDIRQL LV $ RAHARXVERIGXQ $7 6

RO \INAVAOHR \Z MKLQ) \KH\MBVARSHHBRRQFVRD
DGR | WURKIK D\RIG\WBMUHD, 7 KHWMBVARSHFDQEH
\Z MKHGRODQGR | HWHUXVQ) SXK EXWRQ/RQWKHI URQV
SDOHORUUP RMD B\ FRP X\ 7 KLY ERDUG DOR KDVICEXW
IRMH DDV 6 6 WP SHIDMHHIRAR FRQMROKH
SRWEBIRHKH-DAY R WHHDRAURQFY

, QDVFBOUDMER] FERH\R WHWBVARSH\KHH DUHDCRAH
\ZR$ W HCP LFURFRQARTBLY Z KLFK DUHUAVSRQUEDH| RAKH

[ LGMUIZ KHHDWKHI FRXVHUP RRU WHP LLUIRUI @SVDQG 1 RAWH
P LWRUYHOMDRU 7KH FRP P XQFDMGUHA® Z WK \KH

P OQFRP SXMMXMQ) WH56  LQMICFH

$ @OQDDWHHDH P LIFRFRQARTBLVIQWHW MW Z KIFK
FRORCDODRIHKU P RRLY DOGKRGWHLQM (DOXBMR
\WH\MBIVARSH\R \WDARH FROUROSUIRIUP (XQQRQ) ROWH

P DQFRP SAAUIRMID GRHVGRAHGVRNHSWIRNR [Q
PXUHEOUIP HMYR WHCAP 7 KHVAKHP DIV GDIUP
\KRZ LQJ \WWHFRP P XQFDINR SDKVEHE HHQGL I HIHQW
GMPHVLY SUWVHAGLOI L

YLXUH  6FKHP DIFGDIWP R WHWBVARSHHBRURQFY
DQG\WHFRP SYMIHDRIRQFVARP P XQFDIRQSDKY

6\ \WWP 2 SHDARQ DQG6RVE DUH

) RAWHFRP SXMIFRQURCR \WHWBVARSHZ HXVHDFRGA-BW
R \HYHY/Z KIFK FRP P XQFDMZ 1\K \KHKDLEZ DUH\MURKIK
GUYHY Z UMKQ\SHALLFDTD \RFRP P XQFDMZ W H \MEDO
G 7KHSRIUP VVZ KIFK CRXDI \H)GFRP P DQB/DH
FIHQVZ KIFK CRQRAHG\RNGRZ DQ\MLQ) CERAWKH

KD DUHGABLY 7 KHWBVARSHVHYHUDFR-BVFRP P DB/
IURP \WH7&3 ,3 GRERINDQGH HXAMAKHP © KHQZH

Z DQARP RHWHWBVARSHVR DGMUHG SRIMRD Z H
VP SO \HG SROQVFRPPOQGZ K5 $ DG’ HF

FRRUG QDAY DG \WH\MBAVARSH\GBZ VR \KH GMLHG SRIMRQ
,QWH\IP HZ D Z HVHGFRP P DQB/\RD&S&' FPHDWR
RANIQLP DIH/ 7KH) ,76 KHDGHUR HIFK P DIHARQEQ/
YDURXY GB\KAK D/AH@OM WP HR CFIXAMMRD \WH

H SRKUHWP H \KHI LGMXVHG \WH: &6 | IHBFRRGCDM/
DQGRKHULQ RIP DR CERXWWHREVHLYDINRQZ KLFK DH
DIXLUHGI URP. WWH\MBAVARSH FRQUROH.YHU

7 KRHFRP P DOB/FIQEHXHGLODSIRIUP \FUSAR
SHIRP \GHLF\BAY \KFK D/DARP DIF P DIHFDIEDARD
ODFDAMMRD | @ACIN BDY IRPMQ) 1 LGMUH AKDQIH
[IHB\FDQRQ) | RV-DUAQ) DIMIRGYDQGFRP HV 7KH
RSHIDNRQR DRLP DILQ WP LVFRQWRBGE D
ZDRK®R) SRIUP Z KIFK DOUWWHRSHDRUQFDHR
DQ KOUEZ DUHDQG\R \& DHP DOXGRANRYY RUDVKGEHD
FEXGFRYHJ

7 HAWVARSH3HIRP DOFH

" XHVRWHH WE-GSHIRGR EDGZ HDM-UD\MAWH

FRP SBINRQR \WH\MBVARSHZ HFRX@ QRAP DNHDDMVR
WHWBVARSH\ HV + HHZ HRQD SUAHQVBUHIP LY UKV
R \KH@P MY P DIQWCHGHMP IQDIRD :© HBRNDD
LP DJHR D\WMIDUI HBRHOMHGDVB $

' H RQ1 RHP BHJ ZOK N[ N&&'
DQGY ILOMJ ([ SRKHWPHZ DY \HRW®Y &P HD
AR ZDAHAR  ° & $1\WUWHFDIEDNRQZ LW
7\AR  FDURIXH Z HRBBQHG\WHI P HO QP LW
PDQWEHFRHWR P 7KHIWSKIQIL \KRZV

H SHUIP HQBOH RN DAYDIRY) Z W WH\KHRUANFDO



PXAYHY I RUGRAHI RP DARQGHWR AL T HHNRAUARHY

JUXH &8 SKRRPHU WEGWEY| RUDWMDUI LHB DA
5% ' H 7 KH\WWBELG GHYDIRY
P DIQWCHHURLY SRAG DIDIQXWHY - RQRQWIDELG
PDIQWEH 7 KHWHRIMNDID SUHARMG PXUYHVI RUSKRIQ
N DQGFP HDGRAHY DHSERWGLQWH\LP HGDIUWIP

7 KHUHG PXAUYH U-BUAHQV DORHRUAFDORAHAKP P HG
\RIHKHU 7 KHP FDXUGABFRIRP Z HDRWH
\MHRUAFDCPAYH

$ AINCRZ BGIP HOW

7 KHDAKRY JUDM XA \KDONWH3 @CHMY 6 RAHNV | RAWWH
6KRPONHUWDQN X DOGEGW+ 0 ZKKJIUWD®
KHSHG\WH\AHM XCARIFOMRQR  \WH\MBVARSHEX@Q)
SURWAW

5 HHHAHY/
$ RSN & RP SQ 277 DINRROMFRP
2 PHID2 SO GF 777 RPHIDIGMYARP

) LQIHY DNHV, QURKP HQBIRY 7277 |QAP AP
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- 1RPHD 6 6D0FKH - * XOUR - 5RALXH $ *DAD 0 %DFR

2 BHYDRIRS$ WAR(RP LFRR 0 DIRFD
&P LGHOBVHYDRLVQ &RV O DIRFD 6S0Q DIWRP# BWOH/

, QWHO@MWVHLY WHLGRUHP HADQGHILEHA R WHEL \KUH VOUHICAQBAY) WHAVRHY R
DJIUDMIQPEHUR 1( 2 DWMROGY [QIHHIDOZ W I DIQMIP DIQWEHY 7KHWDAWRIDARMZ XS\BANP DEHE, REVAYDRUHY
Z WP HAXP DSHIMH\MDVARSH/LYIHXGY P RHDQGP RHGLILEXODQG LQPDQ FDWY LVIHMG) LP SRAE®

: HDUHIQIURQAR DSDUDGR LQZKIFK PDQ R WHQZ AVARHINVR 1 ( 2 VADQERAEHFRQLLP H3 GHWMHUFDUY. RAAKHFRULHAW
IRTZ XS \KHQH WD\ VE\ \KHHREVHUYDRLLH/ XKD GHAFDMGR XK VAN DQGLVI VDAY \WHHRHWHLP SIRYHIQWH
HIXSPHOAQPDQ R \WRHREHYDRUH/Z MW P HAXP M] HWBVRSH/LY ARPPRID FRW® DGR \R ILDRH

7KHSUIRHYBLRWAN ERLQRQWHLQM KR \KHP HP EHYR WHREVHUDRY R 0 DARADIQDUDQILY) \RP H\WBVRSHVR
JUDWUDSHIMUH\R FRQMXHZ W \KHZ RINR 1( 2 IRTRZ. XS \WDWDAWRD@D KDVFRP HFDUY 1Q) RAKHOWYHDLY ) RIWKDW
DIMUD LW SHIP HQBCSKDVHDRY  \HOW/ LQZKIFK  6FKPIGNCPHIVR  FPVZHHDDHG EXOVSCRNDD R Z LW
WHURZ QP HDQV WHFRQMKAMRQR Q7 WBWVRSH/R  FP VKDVEHHRLQMDIMG DR P RW® XQEHIINHD Z LW \KHRSWDO
\WFRKQFDO P HAKDQFDO HPRNRQF DQG GO SURFHMQ) IRWRXUAHVR \WHWWDP: DQGWHFRIDER DRW/R \WHREHYDRL

7KHQHZ. WDVARSH/KDYH\VRP HYHY FKDUDRMIMNE SUHP VAV \RDWARX@S MU RXAVAKH SURMPNQM R DQG DMIDRYHDOR IRU
RKHJREVHIYDIRURYZ W P HAXP  DSHYMUHY DG @P WG HARQRP LF LIHRAUARHY 7TKRHIRDYDUIH 9 HY HARCRP LFDORBCFRW
automated observation, low weight, very reduced size to fit in small domes, among others. It's deVRUEHSEDQG MWIWHG \KH

GMIQDQGFROMKAIRY RQWHEDMYRQWHSUHMRXVH SHIHGFH

, QMRGXPURD

,QWHSHHZ RN Z HZ LMV \WHGALIQDQGFRQMKANROR RAUGQH. SURWIRW 7 KUHHFRP SCFW

FP . OYARY WBMVARSH/EDHGROWHOWWUHH\ HOUH SHIHIFHZ RINGQY LQDWRP HY Z MW AP 6FKP LGP HIDY
DOR X SUIRNDID B RXUP HIQV . QRZ LQ) \WDWRKHUREVHYDRLIHVKDYHMP [MUSLRWAVRUDHDDIHG Z RINGQ) ROWDMKH
RAVHYDRY R 0 DIRUADKDVDORWHGHGR 1P SURVIQ) \WHVRRY\R EHCEGIVR FRQMXHZ W \KHDWURP HUF Z RIN HSHADD
UHHIG\RWHL ( 2 FRQLUP DR IRTBRZ. XS DQGUHRYHY 7 KHUHLY DQHMGHWVERVT KHH I LAHR DOGLGRBHDHR WHEL
\KUYH VIVSURGAQ) DQHYHY WP HP RIHQ®P BHUR 1 (2 QVARYHIHYDQG DAKHVIP HWPH R 1DQMP DIQWGY $ OR \KH
0 HIXP $ SHYMUH2 EVHYDRUH/DUHKDAQ) DQHHY WP HIUWDMUGL | LEXOVFRQLLP LQ) DQGIRTBZ Q) XSWHP  SIRGAQ)
JHHDD DOWTXOIN DIRP HY  GHRWHZ HINVLIDORBBEGHG Z KHYREVHYLGY WHI CLQAXADQGWH I DXMXVREVAW * LYHD
KDANIWDINRQ DQ® BHJR  DEMCDAYHYKDYHEHHQR WRGVAXWHGLQGI T HIHQVRXP V \KFK DAKHO LGRIBOIGHAD DAY / MV
YHQ) WHP RIWFRP PR $ SUH HIMQMIOG-AFDARQ\RWHSKRRP HIY 7 KHUHFRYHY R XQEHUXVHG RBAQRDUY
WBVFRSHVE! JURKSVR REVHYHYZ RINQJ LQWKUW 7 KHSXUKDHR AR P HIADOMBVARSHY DUHIED FRA® ROARD LI CEHWMUAY/
DHRH) PP $ QGILCDID WHARQIMKRAIROR JUDMAWBWARSH/P QD B P HIQVR RZ QUARKUAHY P HIQQ) DQLP SRIQV
FRIBGAIRY , QRXUFDH Z HKDYHFKRRHD WKLY MXVRSNRY

0 DMIDAYDQGP HMRGY  RXUSUHYIRXV SLRWRV

$ GRRIKWAUQ) P DQ \ HOWZ HKDYHEXOVHYHDOMPWRSHY WZ DVIQ  Z KHQZ HILQWKHGWHFRQIUKAIROR WUH PP
6FKP LGAFCP HID/ P OQD DP HSDARRVHYQ) DIMIRG/ RN \WH
SUP DY P LLIRY/DQG! RQNFRUHARYHSOM/Z KHHIUQGHE DOGSRDKHGE - ROQ* XOUWRP HP BHUR \KH2 EHYDRY R 0 DERFD
DQGZ HWMMGZ IW\KHP GLLHIHQWP RQIIV $ Gl LP X\ * HIP DQ DQG) RINVRGHY DQGHYHIDCHPRURQE DQGFBRN GUYHJ
PHKOQWPV 7KWHS XAH. O ( &&' VZHHOFTXUWG
© W DDKHP Z HKDYH FOWIHG RAMKHP DVUMW R \WH DARP HME REVALYDIRQY/GXUQ) \KHOXWUHH
\HOWVIRP  ODRFD  $PHEDGHO UDWG  3LHD ,QDP RP HONRXULQMMRQZ DVHYHQVR HABEDK D\P DONIQMS
KH [P WHWUHHWIIRYY MGAHWHFRHIGIHTS [ P LOAM/ DQG\KHRSIWADIOX WP \SHHG P DEHXVAKSSRHWH
SRAMELONV\RFRYHUH \WUYHDBDVR WHWL SHIQIKW

) LIXUH



) UXWH 7 KHWUHHE AP LGP HD/R $ PHEDAHO DJ 3IHDDYG 0 DIRFD

5 HKOVDQG AVRXWRY DIWU@WY \ HOW/

$ I \WMHHOWAWKUH\ HDY Z HKDYHRBRCHS\VRP HH SHIHFH DG UWHXAVR . JUHDAP SRANCAH | RUXVEH RIHBHILQQ) WH
ARIANOR WHQEZ P \WDWRSY 6RP HR \WHP RUWP SRMUIRNEROQVDHAVRMWHS
&&' V 3HKEBVRHR RXAUP DQHIRYZ D/AKMICNGQ)  DAKDAP RP HQMKDAD FRUCHITE®IV] HSAKLS ARX@ CHYHUBEH DN  RGTE®!

7KHGHGR RABQQ) DZ LCHI IHBP DEHXVARQIGUD YHY \KRWRFDOBIKWAHOMIGRY) FP 6FKP LGP HIDV \KDAY
RO FP R |RFDOBIKWGERP HQHDYHARQHNXHIFH/UH HIQ) RWHEZ FROMDIMDQG\R\WHKLIK DUAHE S HOUDIR
DSSHUHG RULQRKHUZ RB/ QRADEBZ LQJ \R UHTFK | QAP DIQWXGHYDQG\WHDXRP Y TXDIW QRABHCQ) \WHP RWEFFXUDM

7HQRR\ GYHBSV DGIRMHARWR RAUSXAGHY. O ( &&' V Z HFOQRAEMQSHHO® FIP HIDVZ W P RIHH \WLYH
DQGVHQUMYHFKLSV DOGWHH RH \WHQHGR YHY \KRWRFDOBIKWUHP DIQLOJU-DAEDWAVDRG

SHHIQI \R\WHO0 2817,1* 6 ZHIQXUBGRU 6FKP LGP HDVRYHAMHGL I HHMAQB/R P RQMIVEXDR RAUHYH/RUJ
B \RP HFROERDAYR \WH2 BEHYDRY R 0 DORFD 7KH ZHHDARP DMGE P HOQVR WHI UHKDWG \RVBIRWRANR 0 HD
YOWY DGFRWRDGGE SRIUPVGYHBRSGE XVWMRXIK/ ; FRP P DB/ 2 XUH SHIHFHP BHXVGHGH\WZ DB/
WHHBRNRQR |RINP RQMIVIRUIRUGHE. SIRWANVEHDXVHWH O LOQRXURIIQRY \WHHDMBWAR DARP DIYH Z WKRAW ( O

| @VRUIHGURBNRY/ DGZ HMNWDAKH DHWHRH/SIARHNY  LQIHH DO BERMUCF-XUDM\AERN. Q) DG WH HDUHXAR
@GWDG HWHUHIRYER 3( & 7KRHIWEKY ) UXH  \WKRZ \WH3HIRAF ( WRJERUHANRQY/SUIRGAGE W RR RXUP RQMIV
FOWILQ VPLOMJ  cm Schmidt tubes. The PEC curves are the average for three different azimuth, 1359 1550and 1750 The
SHIRGR WH; O LVIVHIKWP LOMY DEKRXIK WHQP BHY\KRZ FRUIHANRQWAEY , QWH< O LWV\KHSHIRAF HIRULVUWHBUAVHOMS
LQWRKVR DRAHRDB/

,VIV/LP SRR SRQARVIKDMMHFRHZ HIHAR\WHP HIGDD \WHP RIHUHIX@UDQGH SHAMG\KH3( & LVEHRP 1Q) KRZ HHJ
\KH | DUKHUZ HIHA \KHP RUHWHPXYHLY DSMIHG DQG FKDQIHG $ QR \KHPXUYHYDESHIURRP SBIMD KRUJ RQBED LQAH GO WU

P INQJ DP HIGDD) @S RY* HP DQRMY :  HEHIHHWHHH | HAWDUHSURSFHGHEHAD GH\R\P DOGH LAHAH/IQWH
FRQMEDDAQ G-SHIEQ) RYWHWEHRIHIBIRY LQRURIIQROWLYIVP RIHFUIMFDAQ* HIP DQP RXQIIV , VIP SRYIDAR
SRORAWDAMH RID \KRZ \RP HUAKIV\MAMY) RXURZ QP RQMIV



) LIXWH : Periodic Error Corrections at three azimuth. Left to right: 135 1550and 17500f two different mountings with similar

GUYHP HKDQ\P DQGRSWAIOMEH/ 7KH$ P HEDGHP DU HIP DQP RXQIY ROWHXSSHUSDWWIQG\KHO DIBUADI RINP RXQILY
ROWHERWP

5 HDMY W\WH2 37,&$/ ' (6,1 ' REMWARQIGHIQ) \WDNRXUGFKP LGNAP HIDV QGRMDYH\RR UIHWEHY Z HEHIHYH
\KDADP RIHARP STRARSWHDORKHP H\VKRXGEHRHR  \KH P DOREVRRNHY/

R CFKUIHYH  BHFDAHWKLY LOYROH/AP DG QIKWP RQMYJIV  HDX R BHLQXBIBG QW DOGERP HY RURNBURMGGZ \WNSHHDD
| RXQEDIRY  DIGP RXQIMYIVZ LW W1 Bf LRYV/DGI LD WDWRIED SURHG

$ QRKHUGMDGYDQIIH UH HIQ) R WHRSWEDOWKHP H Z HKDYHEHHRXMQ) GAUQ) WHHWKUHH\ HILY LVAKDAKRK DVKRWRDO
WDAR UHEAVLQJUHDNP HDUXUHWHFRQADXWWHSHADD FRQUGH i ng that our sky doesn’t have the best clearness. Our Schmidt
FOP HD/ODUHYHY |DMDQGLODEWP RHWDD  VHRB/UMHIK PO KRZ HYHJ LQ@RQIHIH SRKY R \VHYHIDOP LOAWMY \KH
don’t overpass the 18.5 mag aproximately.

© M UH HHIPHWR RXUH SHIHFHFRAHOQQ) \WH2 37,&$/ 78 %(  Z HKDHBEHHQYHY OFNL VREHH IWURP \WHDGYDQMWH/R
KDQ) DFRH\WBVARSHY Z WWH&S&' AP HDVIQUGH , QRXUP HAWWUIDOHIQKXP LG Z HOKHMH RSWADY\KX | HULQIJHHIDOIUHDWV
HMURP HQUOG-IWDEDIRQ

* LYHQWDAKH FRHWEHY UHSUIRHND JUHDNDGYDRAH LQBEIJIHNMBVRSHY GHWRKLIK WHKQFDORRP SB[ LW DGKLIK FRIWMKH
front correcting plates shall be discarted. To solve this problem, we have successfully tested Turbofilm ™ sheets, aplastic
SRIP HJZ KIFK JHVSHIHARRP RIHHW DG SHIRP VHIXOOR RHWQM Z DHSOHSODODCRSWAY QFZ. 7XUR L@
™ protects the optical equipment, closing the tel escope tube against dust and humidity and greatly reduces air currents, all

Z MKRANBWYKH RSNFDOTXCIW R \WH WBVARSHLP DIH

) ROWHEH RUHP HMRHG UDIRQYZ HSUH HUFBRHIKRXUHWEHY DBKRXIK \WH P D EHKHDYLHU

7KH7(/ (6&23( &21752/ KOG\RWEHHBSHGE 0 HO/OWMYKDYSRMHG\REHYHY \KFRHMXAQ
WHOWKUHH\ HOY 7 KIVIVDYHY HFRQRP LFDOW VWP HDX \RSHURP  DQGFDQEHFRRDGI P RURZ QSIRIUP LQDVHRG
FRP SX\A DAWH\CP HWP H \MUIRIK DVHIDCSRYE /. FRPPDOQRY ) LIXUAH



) UXWH 7 HPVARSHFRQUROWRHP H

" XHP DQD \RWHOANR FRDIIGWHORNR \WHP RIGKOEEGIDIAVHE S HOUDIR Z HVKDEDXP DU H\D L) \KDARRHKUH

FP) 6FKP LGAMDVARSH/EXOVOUHEDIFDI H A-BIRE0 ROKHVKYH R BUIJKWREWMRN DQGWMLYFDQRID EHOFKIHYHG
QRZ DV BH RIHWH\XQUMA DG CNMAWH\KQHANIQG SROUHILRYY VHUAKIQ) | RUBLWKWARP HV 7 KLVZ LOEH SURTED \WH
RO P OQWWNR \KRHWBVFRSHVRFHZ HKDHWHQEZ P ZRINQ)

,Q\RP HRADIRY/ WH KDYHEHHQU-DED X\VH XCZ W | DAMNQGEIKWL ( 2V DVIVKCSSHIHGZ WG ' = DD$ SR
QVWRHIGE /,1($5 DGFRQWPHGIRR  $PHEDGH0 IUZKHIWRHMGDN  DIRHI PLOMW/DG 9 PDIQWG
: INR®  \HRB/H SRIMRQ W2 D11 HSRQWHLP DI/ ) LIXUH



) LIXUH 'z $SRRPD) DWGPRAQY) DAHPIQ: DV/IHSR® ZIWKD HRI/H SRKH 7KHWISHRY
WHERWP EHIRQJV\R D\DMDM

) XOHP RH \WH DHYHY JRRGWBVARSHABNGQ) LP DIHAKAK D/ARHRHVKRZ QLOWHIRTRZ LQ) ILIXUH ) LIXUH + RZ HHU
Z HARQIGHWDARZ DA V\KH - DHGRAKHP RWZSURSUDAI RURKUZ RINLQDWMRG/IRTBZ. XS



)LUXWH &RPHANH DZhang on March 20, 2002. Mosaic of 5images of 60'x40' taken with one of the 40 FP | 6F<P LGN
APHDY ([ RXHWH/ERXHD DG WHWRB/ $PHEDGHO U * UDASDWR  LWURROWRQZ D/ QRND W
UWHEHQ) \WH\FDBI

&RFOMRY/ DSSOHG\RWHEXICHQ) R WHQZ P WBWRSHY

© KUK DHWHFRFOMRY UHIKHG Z KHOWIGY \KHFRQWKANROR \WHQE. AP \MBAVARSHY
| ZHIRXQGDYHY FRP STAVRSIFDOGHLIQ UHDAYHD HDX \RSHIRP Z\WIRDODIRVEHEHD DG WMVZRXGRIHJ
DOKHDGYDQWH/DDHIG. P HIMRGHS \IXFK DV \P DTP RQMIV | HZ HIMIKRAMUHI Bf LRY &Z HJZ HIK DQG\P DIUHREP LF

FRI\2 CHSRUEBIVROMRQFKRRHDE! \RP HRKHUSUIRVIFVLY GO GALIQY  KRZ HYHU. DORKHUSRIMEBIVROMRD \WH

ROHWD/Z HKDYHI LCDE ROMGLYWH. BYWRY GRLIQ

Q<X GMARY GAMIQHEDQRWICDOMBVARSHEDHGRQDEKHIFDOXULRY $ SUP DY PLURJ $ TXOLORTOD

P HQVAXV DQGDVHRQEL QHIDIYH®QYDOP LQ) HS ROWHRSSRIMMGH + HIFKUHYHG DMP SBIGG YHY FRP SCRAK AP

% MGV WHDDHIG P HQMRGHS ! HDMUAY \KFK XVAKH YHY FRP SSRVERLIQOGWHEZ. SIRSAINRQFRINILYH\KH\SKHIFDO

\KUDAHY , VBURMGAVH FHIDQWRSWADCSHIRP DFH GXHSDM® \RWHUHGAHGFRIMAY) GRVALP HMJ GZ HADQRHWILG
R WHSUP DY GIPHMJ ) LIXUA



) LUXWH  7KH. GYWRY RSWDOGAMIQR WH P GHZ \WMBVARSHY

,VW/LP SRUBQAR MW \RHI CRAKDVRURUSUP DY FP PLURY QR  FP GMBGFHEHE HQIDWHY DOXHRSWD
WP FOQEHLFOGHS

&RQMDUD  Z HOUHI DFHGZ LW DQRSHI LRMWXEHGALIQ H SRHG\R RXUKXP LGP HAMMUDGHIQZ HOMHU |, QREHR SUYHAKDN

we are going to use the before mentioned Turbofilm  sheets.

: HKDHEHHQZ RINQ) | RUDSUK LP DMD RGH\ HIU | LIKNQWHGALIQOG AMIQWHVHNG XSR WHQZ ~ FP . BYARY
3OO R 0D WHWUHGQEZ PRXQMIVOHYHY DODERG DOG\WH\WWUHHSUP DN P LLIRY %9 & 9 MMIHG&HIP IF
EQQWOFTXUHG RIKD SUPAYHG  DIHODHG (LQMKHGE PHPEHYR WHRBHYDRY R 0 DCRFD  7KHIDAWR \WHU
\SKHUIF \KDSHKDY SHIP WG DQHDMHUDQG | DIMUHDER DR ) LIXUH

)UXWH 7KHWUHSUPDY | \SKHIFDCP LWRYDDHDS 1LQWKHS

7KHARWARL. GYWRY GLRVKDYHEHHQR GHHG\R DQDIHY) K AP S 9%/ 0 ( &$ 6$5/ | RTBZ LQJ \WHSUHVRXY
D\WAQ) GAIQB 0 Ur HIWERS VI 1URP \KH2 SIFDD QUWKP HYY URKS R WH( XURSHIQBRAKHD2 EVHYDALY

TKHHES 7TKIQQG 6 [ PIRRY ) IQHY NV ZHHDDHDG CFTXUHGI RGP
7KHHWBVARSH/Z LOEHIQAUBGIQWH 0 DIBUD  $PHEDGHO IUDQG  3IHDREHYDRUHY
: HH SHAVWKHP \R EHRSHIDAYHDAKHHIGR



$ssHX|

,QWHIR®Z 1Y) LP DIH/ WHGALTHHMMVR XA FRQIKRAIRQDHWKRZ Q ) LIXWY

YJUXH ' &$' GDWR WHQEZ  FP \WBWRSH $ YHY P SBIDGQKWEHLIQ

YLUXUH  YX@Q WHQZ PRQIIV $ @MEXTUMBKRMH P SBI HDX QIKWIQGEZ FRW



5 HHHRHY

$XAH&E' APHD/KWB ZZZ DR AP DXAQCHIQE] KW
0 HO/DWY\RVWHDRRQF KWB 777 BEDMRGMIQVARP FRAVARWKW O
TXRIE KW ZZ7 NHBIAN D AP HDEHABMKKW O

0 LRIBOHY GARQF&I@U "= KM AXZZ KOYDGHXPSF. . ' KKO
KWB ZZZ D8P XVFRP SUR HMREIOGHMWUSK KK
<X$ . GMARY 8665 ,QHIRUVEHWIFDMIL R % X®,] REHNV 1 R

<X$ . OVARY 7HBVFRSHR RHDGALIQ =HP OD9HBD 1R

<X'$ . GYWRY ' HAUSIROR WHQRMHOFDBARSME \WHVRSHGIQE . GYARY DUGIWARP SIUMRQZ W RKHU
FRP SRXQGM VWPV 2 SIFKHNMEKXUIDO ) HEOOW " RUIQ( QILQHIY , QXWMMR $ SSTIHG

0 LFURHBRNRQEY 5 XWIDQ$ FOGP\ R 6AHFHY 6LEHIDQYADGIK 1 RRIEUN

KWB ZZZ \MBAVFRSH/LX DMFOVDMFB! SKIW O

$60 3BAW  &KHPLOGH®O ROMICH 0 RYBWW LM 4 XHEHF &DQDD - * 6

KWB  SDIHVIQLQWHADP SRGIDVKR O 6LHYDE YIG-RIROFD

KWB ZZZ ROP H/RIP XQFRODQOQAKP HOBBHOKW
9$/0 (&S$ 635/ 6HIH HRQAKRW / DOMP H 38,0 ,&+(/ ) WgFH
) IQIHY DNW&IPHD/ KWB ZZZ IQFP FRP
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3XORYR$S WARRP LFD2 BEHYDRY 6 W3HMYEXJ 5XWD
, QXM R $ SSTHGS WARERP\  6W3HMYEXU 5XWD

HPOO RBI# 2% VEEHX

SRR/ R WH 1 XP EHIHG 0 LQRUSMHN 10 3V ZKIFK KDYHEBHD VHOAR REVHYHY\R WHO LQRUSOGHARHDMILQ  +

\ W/ Z HH DARP DIFDD DIOMGE PHOQVR FOBXDMRQR  2+& YOOH/ZOKMWHKHS R (326 6R\EDWH 3CANDIH
FUDAG LQ 3XDRYR $ WRRP LFDD2 EHYDRY 0 RHWHD P LR LQAMGAOSRIMRY R WH 1 XP EHIG 0 LQRU 3OIGHV
RABICHS B\ SR HMRIODQG TP DAKU REVAYDRUEY Z HH VENHD LQR FRQIGHDIRY , QMOHACFRHME®! YHURQ R %47 HOY/
2 IB\BD&DERIYH FRQEIQQ) PRH  WRADQG RAW R 10 3V Z D/ XVHG | RUFDBXDIRY R \WHUWWHRIAFDOSRIMRY DG
FRP SDNRYY Z W WH RRVHYHG RBY  7KH YDOHV R 0 HIQ HIRUR D MQIG! RAHYDIRD Z HH FDBXDAG | RUWH P RIWR
FROUGHHG RRVHYDRUEY GAUQ) MY SHIRG 7 KRHHIRY\KRZ \WHIFFXUIR R REVHLYDIRQY DQG SURFHWQ) | RUHDFK \WBMVARSHLQ
\WH DWXP SIRQ\WWDADQ LFFXIR. R DWHRY R P RIRQ |RUHIK 1 XP BHMG 0 ICRUS@ZHALY KUKHUWDQWDAR W RRVHLYDARY/
© KHQZHD@MOVHWH 2++& UMGOY |RURH QIKWDIMRG SRIMRYY Z H RAICH DD LQMEDO HWP DIRQ R DQCFRXUIR R
RAHYDIRY/ PON-GE P ERO QN LQWH7IE®! | RU 2 +& WG DHFDBXDMS | RUDIMRG SRR/ RABIGHS GAUQY
\HYHDOFRH QIKWR RAVHYDIRYY Z H FOQ GHIYH DD H WD HWP DIRQ R WHUDFPUR PONGE WPERO HW LQWH
70E®N 21 FRAUH Z HP XWKDHDBWR REVHYDARY/R YOURXVL 0 3VIQWHVAWRUHIFK REVHYDRY XQGHUFRIGHDIRD

$QH CP SBIR RUDIDOMY LV ILYHRLQWH 7 CEB1 Z KLIFK UHBUAHIV\KH ( XURSHIQ REVHLYDRUHY REVHYIQ) WH 1 HDU( DO 2 EMPW
DG+ D/ B\ SIRGEW + \WH 1 XP EHIHG0 LQRU3MHVDOR 7 CEGI FRQMQ/ D QP EHUR REHYHG 0 LGRUSMGHV DQ® BHUR
DDOVHG SRIMRY/ \KH LOXKP HQBDDQG CFRXUIR. SOUIP HMY DQG WU FDER) XVHG | RUDWMIRP HUE WHEIRY  7KHH 7 DEGV
ZHHRABGHGE DAKRYIRUHKR  ZRNQ) ROHYDRUHYD/SUR HAMRID DVIP DAKY  $ \WRJRP LFDOFRP P XQW LFOGY/
QZ DOWR [P DAKUMBANRY/ FOUIY RANSRIMRIDES,  DXMRG DQG FRP FARBVHYDARYY Z W DBY/DGRHG WRKQTYH DG KLIK
TXOOWV 7KHUWEP D' EHXHGI RUDGHAMRQR \HYHDORHQVLF SUREBP V

2 XULQMMDARQ \H-P VAR EH WH I LLAR \WDAN.GG IRUWH 0 38 (DI, WARX@S EH FRQMGHG LQ | XUUH DG EH BIRIGHIHG \R
8 QP BHIG0 LQRUSOIV

3XORRPHNRGR CFRXUIR HAWP DIRQR &&' P IGRUERAHY SRUMRIDOREVHYDIRY/ Z DV GARUEHG 1Q 3URRHHAQIVR $&0 +
SRIHHFH YHAD X0+ $XIHXW  RIQRUSEIDIRYVIQSXWIRIQ  +  \WY

&$/&8/$7(" ZIW (326 62)7: $5( 3XORYR 2 EHIYDRY

$FRXUIR R WH: R@10 3 REVHYDIRQY/LQ + \ Y 1R XURSHDQ RBVHYDIRUEY
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tefan Gajdo $GLn Gal d, Leonard Korno , Jurg T th, Jozef Vil gi, Pavol Zigo

$ \WRJRP LFDD QUYAM ) CFXGVR 0 DAHP DYV 3K\ IFVDQG, QRUP DIV &RP HIXVS QYHIW 94 DAMYD 6@RYINS HXEIF H
POODIR IP SKXQEDWN

$ \WPPDY R DXWRPHAU DQGSKREP HA R DWMRGYSHIRIP H5 DWKHS WIRGRP LFDC2 EVHUYDWRY $2 0 RADLVSIHHOMG
%4JH LHXOVR DWRPHA LGFOAQ) \WH1 ( 2 IRTRZ XS DQGFRILLP DARQSIRIUDP DIHKLIKQIKWG 5HHQ® DQHIRWARZ DB/
P LGRUSOXHNVSKRFP HY LVH SHIGHG ZOKWHDOP R 1( 2 LOMXMDIRY 6RP HSLHIP LD IRAXGVEDHGRQRXUGHZ
SKREP HU \R\ZDIHDIHSIHHQMG : HSOQWR UHHZ \WHDSHIMHSKREP HUL R FRPHV \BR

LQARGXARO

7KH $ WARGRP LFDO2 EHYDRY  $2 0 R3D EHRQIV \R \KH
$ \WRJRP LFDD, QKM R WH) CFXOVR 0 DXHP DIV 3K\ MFV
DG, QRP DIFV &RP HIXV 8 QYHIW %DNMYD 6GRYIND
DQG UK P DGH WHH L DP HG DAKH IQMSDICHEY P DU
DGWHEXQ

7KH RAVHYDARY/ R DXMIRGY DQG FRP HV DH SHIRP HG
ZIWD P 1  &DO=HW HOPRU &&' 6%* 67
APHD XS W-XO MWZDV67 FPHD LQ W SUP DY
I REXV P DNV IMKVH XOI RUDKURP HY DQG SKRRP HY R \RDU
P P LORUERGHY ' HIBLY CERAWKH \MBVARSH DQG FOP HD
FRALIXIDMRQDHEGAAIBGLO> @> @G> @

$VARP HM

7KH | LIMDIRP HUE RAVHYDIRYY Z HH SHIRP H3 DAKH HIG
R 7KH UIX@U RBHYDIRYY XQG-U \KH 0 LGRU 3@QHNV
SHOMJRBHYDRY FRH  KDHEHQFRIGAWMG I R

7KH @B SIRRHAQ) 1V PDH XMQ) \R\EDH $VARP HMED
DAKRJ+ 5OCE DQG8 612 WIUADBBIXH SUHMRAO * 6&
7KH SUP DY REVHYDIRY SIRIUP \MBLWAG Z L\ \KH P DQ BHOV
DXMRGY LFOGQ) ,7$ , QMMM R 7KHRMNTOS VRGP \
3HMYEXU 5XWD DAMRO/ ,\WARQMXHG Z W WHFRYHY R
\HYHIDORH RSSRIMRQ P DQ EHWDIMRG/ IRBZ XS R \KH
1($V IR \WH 0 LRU 3OVELXDY DG IR IW
HBRMRQF YHWRY Z LW PROKO QMW R REVHYCE®! RAViRV
FUMFDODOG QMR FRPHV 2 BWRNIURP \KH
2 BSDQHIBHMFHR 0 3& ZHMH DOR LFOGE W \GHG XS
QPEHIQ DWW $ QFH B SROFW R \WH SRILP ZDV
AVRHY R \WHDOR HY R G P OQ BHWDIMRG/ 7KH
QAVRHY DM LGRHDHE XS \R / DMJ DGFUDHR \WH
DM Z DV FDMG B AOQILQ) R WHACPHD 67 Z LW @UHJ
IIHB R YHHZ LV OW FQIMYH \WOQ 67  DQG DOR B\ \WH
CAMW R WY SRZ HIXOWYH V &XUHQ® QP BHIG
DXMRG/ DUH GVFRYHIHG DAO RAD 7KH DIWRP HY KDV BHHD

FRIAHQADMG R Q. 1 ($ VFRQILLP DIRQDQG IRTBZ XS | URP

1( 2 REVHYDARQ SLRILDP

2Z1Q) RDSRIHWIQWHIIHBR P LQRUERAH/DXRP HY 1Q

ZH GAGG W D530 |RU7KH 3B 6RAHY
1(2 * IDQMQWHFDAIRY R WH1 HIU( DOW2 EMRWV 1 ( 2V
IRBZ XS DG FARQLLP DNRQ REHYDIRY/ 7R \KSSRWR RXU
1(2 CAMW HXOFPHWZHZHH Z OG5 B 7KH* HH

BKR-PONHJL (2 * DQMRU 7KH REMAYHR RAU

1(2 SRUP VR H\WXG \WH RIE\D DQG SK\MFDD

FKOURMINIEVR

WH1(2 SROXDIRY DQG ARQUEXM \R \WH LOMCDINRTIO

HI RWOQWHI HE 7 KWV LGFOGH

D FRQLP DIROR GHZ ® QVARYHIHGXQAXDOREVIAV
PRW® 1($VDIGFPHV IR 1(2&3 R0 3&

E IRBZ XSR 1($VZIWSRRO GHMP IGHSREAW

F SREPHY R 1($V DWIEEDGSRIUP |RUGD
SRR [V XQEHUSUHEDUDARY

5 HXOV

7KH $2 0 RAD DV WWHIWK HXFDARIO REVHYDRY
IPSBPHIQMGWHDOPHG 1 (2 IRBZ XS SRIUP \RR)
Z W DGYDRWH/ of a @small observatory® equiped with
WH®Z PHIRXP IHE GYIFH $FRAQ W > @HIK
ORAYH REVHYDRY Z W P RG] HG LQXKP HIBANRD LV
QH3G 2%such (NEO) astrometry being absolutely
QGHHX0Y RHJ OQ H WGHE SHIRG \R \WWDMKH RIEAID
SDIPHMY PD EH ZHD GAMPLQHG D EDWY R
IR®Z up instruments will be needed®.

$VWH1(2 SRUIP WHXOVPDR SRUMRY ZHH
RABGHG ZW DUWMQ IDMRR WH1(2VIPRY WP
70EB 7KH QPEHU R RBHYHG DIMRG/ [URP
1(2&3 EHRHWHUGMI@INRY DvZ HDDV \WH QP BHJ
R UBRWWG SRRV 1O DG DHWKRZ Q
Q) LV 4. The term , observed asteroids* denotes the
QPEH R AllHHWV ReMRV RI® QW UBDMG
RAVHYDARY/ R \WH \[P H ReiRPM RUNARYHIDOA@ V 7KH
QPEH R DMRPHNF SRIMRY GRHDHs GH W
SREPHN 1URP 7KH GHBGYY R PLCQRJ BRAHY
DXNRP HY DAY RADAEHIRXEGLO> @> @G> @

$ ®RY Z W ORYH P HQIRHS REVHYDINRY/ VHYHIDO
REMAV RQ 1(2&3 ZHH IGQNIHG ZI\W SIHMRX\O
NIRZ Q DIMIRG/ 7 KUHH \XHK LGHQINIFDNRY/ Z HH P BGH

52 61 03(& 7 /6

/I( 03(& / 7*

<3 03(& $

SKRWP HM

7KH &' 67 FPHD DNWH $2 O RAD LV
HIXSSHE ZIW WBQELG 905, SKREPHUE |LGMY
0 0QD 5 AW LV XVHG |RJ P ICRU STIGHV SKRRP HAY
7Z R P 0.Q BHO\REMAW Z W Z HDNIRZ Q LREMRDODQG



[P SOMCHAOURMMW CPHD DG ZHHAKRHD
IRUMIV 7 KHU BUWIK@Y DIBZ HG XV \R UK CERAW

P DIQWYGH SUHAMRQ + RZ HHJ \WH QIKWAXYH/ Z HIH UHDIYH
6RP H\MWN Z HIH GRGH HYHD RQ D @GP P HJO % REWFW

Z I\ XQNRZ Q SHURG DG VHYHIDOL ( $ VXS \R 9 7KHU
@Y DV IRTBZV 78

&% 5% <% (4 ' XHWWHUUBG
CESOUHAP RIRQ DR \WHH P LGRUSOIGHV FKOQIHG WH WU
IHG TXEND ) LIXUH  SUAHV @IKWAAOYHY R IRP
R QIKW 2 WHJUHXOV Z LOEH DYDOE®  D/ARRQ DV RXU- DD
\R\Z OH | RUADD JDNHIQ) DG SUIRFHMQ) Z LODEH I LQQMKHG
W XH/ QLHHM0 CSHWH SKREPHN W RANQ \WH
EWK@HY R \WH FEWAVUHDIYH \R D \HBRAG FRP SDINRD
KB/
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YUXWH  \KRZ PROKO IDAWVR REHYDIRY/R 1 (2 VIUP WH1 (2 &RQLP DNRQ3DH
R \WH,$8 0 LQRIBOIHARHOMJ DVREHYHG DAWHS \WRIRP LEDCR EVHYDRY 0 RAD 7KH
DM/ UH HAR REVIAVEH RHSUHIP LY GAUIQDIRY RID $ @KHREMRAVR FRP HEY RWILQ
DWWUUHFRIQUR) DHH FOGHG DvZ HOD/\WHP DQ EHWDIMR G/
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$ VAR IFOOSRAHIVR / 1 6\WZDWZH)  $
/1Q $XWUD HIFK P H H# RRHHADV
/1Q $XWUD KHEHWITE# X\WEHADN

(UKKO HHJ) HG 0 DINOBW $
Herbert Raab, Schonbergstr. 23/21, A

/1Q $XVND

7TKHSUYDMZ BEVHYDRY Q' DMOAK@I QHU/ I $XVMNID ,$8 2 BEHYDRY &RGH KDVEHQDRARHLQDWARP HYL R

P LGRUSOQHNVDQG ARP HVIGRH

$SIWIDVKRIWRYHME. RHUWHSDWZ RINDQG\WHGYHBSP HOWR WHREVHDDRY ZH

GFUEHRURPUHNEHMQ) FOP SDLIQ FRFHADAY RQMMIRTZ XSR 1( 2V ) RIBZ XS RAHYDIRY/R YHY IDWWPRIQ)

DUMRGY DG UIHRYHIH/R XQAXDCREVRWILQ D VHRQG DESDUMRQ DLHRKHUDRMMWAY 77 R UHRHOWDHWYAHY

$& DG

%  DvH DP S®BVIRURXUZ RN DQGWHWEGVIQWHDSSHY] OWYRP HREMRWREVHYHG GAUQ) WH UHRHQM HDLY/

+ M) R WHREVHUYDWRCDCSWRIUWDP

7KH SIYDM REHYDRY R (UK OHHJ DG (ZLWQ
Obermair is located in Davidschlag (48 26' 33° N, 14 16'
31° E, 815m above sea level), near Linz, Austria. Soon
OWU AFRQWANRY ZRNWV RQ WH RAHYDRY ZHH
ARPSBIMG 1Q ZH SHEOHG IRJ DXURP HUF
REHYDIRY/R P LRJSOICHV 7 KH [ LIWBUHAVH SRIMRYVR
D P LQRUSOXHAZ HH DAHBMG B WH 0 LQRU3 QIHARHIMU
1Q DG WH RBHWYDRY ZDv Wz DG ZIW \KH

RAVHYDRY FRGH

) UXWH  7KH' DAGHAK@M 2 EHYDRY DAGOWN 7KH - P
| UH CRARUY YMEBILQIGH\WWH P SO GP H

+RZHH WHRAWVR WH P | 1 HZWRQDQ EDGD
\KIHIHG IURP ARPD DQG JHAY SUHAMH SRIMRY Z DV D
QlIIFXOVBN 7KHHRH \KWH 1 HZ\RQDQ WHORRU ZD/
WSODRGE D P | 6RKPLGAKDRIUNQ WBVRSH 1O

Q D AP SAMJZ W PRP \R\Z DH U-BDRHG
\KH SIRIUP P CE®! SSNHAFDBXORUKDAZ D/ XVHG | RUGDD
VAR 1Q DIRPHY  © H FRIAFADAG RQ IRTBZ XS
RAHYDIRY/ R Q¥ FRPHV DGE \WHHGR CERW

DXURP HUF SRUMRQY Z HH RAIQHG Z [\ DKRP H P DEH
P HDXUQ) HILH

,Q H® D &&' HPHD 6%* 67 UWBORG
SRRIUIKF IV : W WH QZ GMRJ DG WH
aAstrometrice® software that we have developed to carry
RXRXUDXRP HMF AP S.JQ ZH Z HH DEGI \R SDWASDM
QIRBZ XS FEHYDMRY/R 1(2V : MO WH LW HU
ERW  DXRP HUF REVHYDINRY/ ZHH RBlCQHS + PR
\KOQ WH \REDQP EHUR RBVHYDARY/ IQWH SRRV
\ HYX\MQ L@V

SRQIANRY ZRNW RQ D QG @JHJ WBWVARSH OG D
LARYDAH IRN P RQAVEHID 1Q HOW® 7KH P RQWV
caled 2Austrian Mount® by its constructor R. Pressberger,
[HDMBY [URNRQ GUIYHY 1Q BRK O H/ ZKIK D/RG/ M)
SHIRAF HIRJ ) XWHPRH \WHH IV GHWHJ D 5LIKW
$WIRQ OV QU D ' HIDKR) O DG R HDOD
BDUQIV ODH XWHS |, QMG WH IRIN WV RQ D WMHOEDD
Z KK VEDME LOIGHWHI RN 5 LIKWS VAHMRY DGR
\POWU WMD EDXY KRB WH WDVARH 1Q WH IRN
" HOODRY 7KLY GMJIQ KH3V \R \DvH ZHJIKW DG
HIEGG W EX@ D QIKEHIKW FRP STAWDG YHY W
P RQ @$ VWKH\OP HWP H \WH LP SURYHG DAURP HUF DD
reduction software 2Astrometrica for Windows® was
GYHREG >@$IWRD WO PROKMV WH P |
WHORRU DG W IQRYDAYH  FRP SXMMJ FRQARDG |IRIN
mount received afirst light°. Up to now, we still use the
67 6 CCD camera, which covers a field of 10' x 15', with
the pixel size corresponding to 2.4° x 2.8°.

&XUHNS PAVIW

7KHKUK WDDMR 1 (2 GVARYHIHY LO \WH SDWAY HOLY BTXULA
LQMMYH | RTBZ. XS REVHYDIRQY > @2 KLFK DUH FOUHG RXAW
B D DOQ®P EHJR SR HMRIOREVHYDRUH/ DV Z HDDY
[P DMKU DIWRGRP LFDD VMY  9AVZ KB Q. GVFRYHIHY
SRUMG RQ WH 1(2 &RQWPDINRY 3DJH UHFHYH KUK
DWQMRQ B WH1 (2 ARP P XQW MAMJIRTZ XS DG DF
HWXEQ REHYDIRY DH [BTXHQ® QHGRM $V D
UAXOWP DQ 1 ( 2 VOHREHYHGRYHUD YHY \KRWWIF R
DQG \WH RIBMIO HBP HQV DUH \WHH RUH KLIK® XGRHIBQ
P ONGQJ D\BLJHAG UFRYHY DAD \MEVHTXHOADSSOUMRD YHY
QlILFXOV RU HYHD P SRMEB! &XUH® 0D
WHH OH  MQGIRSSRIMRY 1 ( 2V IQ WH 0 3&25%
@BEEDH> @2 1 WHH Z HHRAHYHG RMHUIQ



DFR @VRIeW ZHHREVHYHG RYH
@A VRIGW DBGIRJ 1(2Vv \WH REVHIYHG DF
ZD/y @A VRIBW 7KHHDOH REVIFWV ZKIKK
Z HHRAVHYHGT RURQD | LYHA@ VRUGW

SHRIQILQ WH GHG IR @M IRTZ XS RXU RBHYQ
FOP SILJQ FRAHQADAV RQ OF H\WIEQ) REHYDIRY R
1(2V $ HBAMRQ R REVIAV \KFFHXIX® REVHYHG LV
QMG IQ\BED! R WHDSSH@E[ 0D0Q R WHH PIGRJ
SOHVZ HHIQWHWQIHR \R Z K KHI QMW
\BLJHNV DURXQG 1 RM\KDAZ H Z HJH CEG R H \MJG \WH
ROVHLYHG DUF VIQI LFDQ® | RUDTR \WH REVAV QXAGLO\KDA
\BE®! $V\WH W SOIgH X@FHIBQV R D QI® CESOUMRY
DIMRG DNVD @A WPH LV CSSH IPDMY  LQMHYHD
SIRRWRID W \WH VDXOH R WH RAHYG OF > @
IGFUDIQ) WH DF B LH GRENY \WH ROHYHG
DF UHGFY WH XEHIEIQNV 1Q WH SRIMRQ R WH P LGRU
SOGHADAD) @AUMP H OSSR LPDMD B DICRRUR 1RXU
- W \WWHH DF H WIRY/ \WH W SOIgH XQRHMBQW [RU
| XUKHUREVHLYDINRQY GAUQY WH\OP H CBSDUMRD DAD | XMUH
UHFRYHY RSSRWMQW RUIRJD SHFRYHY HIUK [Q LP DIH
DURKLYH/ KHIH RHMIQILFDQ® BHFRG

2 \KHMUJHVR KUK SURIMWDH1 ( 2 VDAFBRH CBSURORKHY
Z W KK CESDHAWP RIRQ  7KH FRP SXAMJ FRONROR  \WH
Qr P WDWVWRH LV [EG W WIAN PRIQY REVIRW D
IHDMUH WDMY XQOYDOMERT DAMP RIALP DU DXRRP LFDO
RVHWDRIH $ VHPRIRQR 1DXP RVIQY REVRWV RBVHYHG
DARURBVHYDRY LVOWMGIOWE®! R WHDSSHX[

) UXWH  $UMRG 8. 1QD \HRB&LE
H SRXH \EBNHRQ IRMHPHEU ZIWWH P I
UHGRRUDN DAGHK@ 7 KLV$ \WRDWMIRG HXNP DMG\R
EHOWWX P IQV]H SDMGRD $8 IWRP (DWW
at that time. Shining at 18.4mag, it moved about 0.6 per
KRU $ MEUMMAHIMY/\KH | LH DABZ HIUWKW

2 FFDMRD® ZHDOR SHIRP HS WHRYHY FBVHYDIRYY R
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WP $8 W $8 /DMJWH-DON  SRAMRY
ZHHUMMVHGE WHRBVHYH) Q72 DOR | WY \WHLP SIRYHS
REW

7KH 3+$ % ZD/ QVRMHHG B WH /,1($5
SIRWAW RQ -0Q0Y DN DERAW 7KH
AVRMHY ZD/ SEDKHS R -0AY Z 1\ \WH RE\LD
HBP HQV FDDXOMS | URP RAHYDARY RHUDQ OF R
VIK® PRHWIQRH@ > @7 KHHKHP HIV \KRZ HG\KDWV
D FRH C5SUROK \R $8 ZRXG RFPAURY) HEXDY
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Tich , J,; Tichy, M., Moravec, Z.: The importance of
IRBZ XS REVHYDARY/IRUIQGHZ © QVARMHHE1 (2V
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+ HEHY% O0E

$ VWRGRP LFDOBFAHIVR / 1 6\WMQZ DWZH  $ /1Q $ XD
Herbert Raab, Schonbergstr. 23/21, A /G $XWUD KHEHWITE# X\BgHADN

30U \WH3URILDPPHR 0 $&( ZDVDWIS \R\WWHUP (DOVR WHRB3RDREHIDRY $PRY PLCRJ
SOHARBVHIYHY WLYREVHYDRLY VP RW® NORZ QIRUWHZ RINR! - ROQQ3 DD 7KLY SDSHISURMG/D KR
HRIWDSA R - RKOQQ3 DD DvZ HEDVARP HIQGRUP DRQ CERAVKLY GVRYHIHY

300D ZDVALHARUR \WH3RD REHDRY (LRP XQM  +HAVRHHS  PLQRUSOGHVDQGRH
FRPHAGAUQ) WDAPH ,Q KH VRRN D SRUMRQ DAKH Q. 9IHID REVDRY  +HH KH QVFRYHIG
IXOMH  PLQRUSOGHN DOE\ YAKDOREVHYDIRYY + 1V P RWAIDP RXV QVARYHY LV SIRECE® WHS$P RUWSH
DIMRG  $EHW/RD. 3D0D U DQNKHP RINKFFHMXONXDOAVRYHHIR DWMRG/

$ WKRUWEIRILEBK\ R - RKDQQ3 DD

- ROQ3DDDZ D/ERQRY' HAHP BHU 1Q7 URSSIX 6LBMD QRZ &) HK 5 HEXETF
> @ WP W KHWYAHSP DK-P DIFVDQGDMRRP\ DARHS QYHMWR

9 IHYD EAMAGQRUWIGOMXQND  $@DG 1O KHEHFCP H DWIMBQADARH

8 QYHWW RRHYDRY Q9 IHXD DOGLOWHI RTBZ LQJ \ HIU KHRRN DSRVMRQ DWH
ROHYDRY LOQ* HHYD

2Q0 \HWRG 3DDDEHP HAURRUR \WH$ XWADQ1 DYD2 EVHYDRY LQ3RDLQ
3RD QRZ 3X® ZDVKOERUR \WH$ XWIDQ1 DA |URP XQMKHHP SILHR
$ XWMD+ XQIDY FRASVHGDAKHHEGR © R@: DU,

YLUXUH  7KH3RD2 BHYDRY IQWH W RHIMY

3DD\Ddiscovered hisfirst asteroid, (136) Austria[3], at Pola on 1874 March 18, using a 6°
UH UIIRRU + HVEVHDH® QVARYHHGIXWKH) P LRUSOIHV DG RHARP HAD/BRD Z W
\KLV\P DQLOQXKP HQV

: KHQWHQE 9 IHQDREHYDRY Z DVICDXIXADMSELO B HPSHRJ) g -RHK, KH
was offered a position as 2Adjunkt®, comparable to a modern night assistant. Palisa gave up
KLV SRAMRQD/AUHARUR WH1 Db EVHYDRY DG OARHBWG WH\XER G(DMHP SR P HQWV
RO BHDAHKHZ D/CEGIWR URAHD X\Hthe large 27° refractor in Vienna, at that time the
QU HMWMBVRSHLIQWHZ REB 7 R KDQBB WY \WMDVRSHR P IRFOOBQIW DQGWH
GPH P 1QGQLIP HMJ \X R DAMMBQNZ HHX\XOD SIRNGHGW DGWHREVHYH 7 KHWRLY



JRAV\KD/B DIMD XVHEWR VHIG KLY DAV R EHS DAP LGQLIKWEXWARQIMXHG\R REVHLYH

XQMKHEIHNR G¥ Q KDIEIQ \WHLOQXKP HQADGDERRH 30D AVFRYHIHG | XUKH)
asteroids at Vienna, al by visual observations, using the 27° and the 12° refractor. In

DEAWRQ 30D AVRYHHGHIKWREWRAVWDAZ HHIGFOGGR * W HULIQWH1 * &
ALBRIXH D/Z HODVI RUGHEXGHOMMGLIQWH, & > @

) LUXUH  3RWIIWR -R<OQQ3DDD

Q KHNRGHG\WHH SHAWRQR \WH) UHIAK DFDGP\ \R REVHYHWH\REDRDUHFIS\H
ROOD R WDNHIU> @ XUQ) \WHHRISVH KHVHDUKHS | RAWHSRSRHG SDGH/® XG0
Z KIFK Z DV\XSSRVHG\R ALLFBIWH\XQZ LMQWHRIAWR 0 HIFXY |, QDBAWRQ\R REVHYLQ)
\KHHFOS\VH 30DV FRDARMGLOHRAWI RUKH 1 DXUIDF MRY 0 XVHXP 1Q9 IHID : KHKH
MO KHEP HSPLQRUSDHNV  &DRIXDOWMHDROR WH/ [HMDQBY P LOV
QRUNZ HAR 7 DKWY Z KHIHWMLYH SHARWRQVAAXS \WHLOQWKP HOVR REVHLYH\WHHROB\H

,Q 3DDDOR THHGWRVHDKWH@P 1QJ) WKWR minor planet (244) for L50 to raise funds
| RUKLVH SHAWNRQWR WHRBDWRDUHISVHR $ XIXWV $ SSOHQ® WIVZ DVQRWV
\XHHWM XO Dv3DDVD A GERMDYHOR WHH-ISVH DQGWHP LGRUSDHAZ DV @OMUQP HEO W
\WH, Q@DRJIREFHWE LY



) LUXUH  View of the 27° Grubb Refractor at Vienna.
, P DJHARXAUMX 9 LHID8 QYHMW 2 EVHYDRY

$ VWWDMP H \WHIHZ HHQR WEBURKDW DYDXOEG R VXSSRYKIVVHIK | RUQHZ. P LGRUSDHV
\R3IDDDXVHEWR ALY \WHP C5VRQKVRZ Q $ VWHHIGR WH W HQMY - RKDQR3DDD
DGO O : RO LQ+HGHEHI MOHGIRAH/DGZ RNHGRQWH3DDWD . RD 6\MIONDWMD
7TKWVZ RN Z KIFK LVWWH I LIWBKRRIUDSKLE WEUD@Y Z DV SKEQWKHS BEHE HHD DG

7Z R\ HY @M 300D SXEQKHGKLY 6 \WLIHIB] INRQ DMBURDNIRI XHFRYHIQ) \WHWN
BEREHGHFX DAY/ 1 and +19 . In 1908, Palisa became vice director of the Vienna
REVHYDRY

+ HHMHGLO Z IV \RH UKV FRQIOXH KLY REVHLYDIRQY DARHREVHYDRY ) RUKLY
ZRWN 30DDZ D/IZ DGGZ W WH* BDBUFHR \WH3DUW$ FOG-P\ +HZ D/DOR
KRRUGE PIGRUSDGHV 300D GQWWRYHIGDUGQEPHEE 0 0 : RD DQGR D
OQ@UADM) NP LQACP HMJ 3DDDGAHELQ9 IHIDR0 D

© MW P LQRUSOHV 3DDMDL\IMDKHP RIKFFHM X5 XWUDQ AVARYHMUR DAMIRG/
DVZ HID/\KHP RAKEFHM XOYVKOOAVFRMHHILOWHKIRL R P IGRUSOCHARAIK

7 KHQVHRYHIH/R - RKDQQ3DDVD

Palisa’ s discoveries remain targets of modern research: Minor planet (153) Hilda is \WH
SRRVSHR \WWH+ LGDDIMRG/ RBWY \WHXQLQ — WWRIDAHZ WK - XS\WWMJ $ WMRG
. GRSDAD KWVWWHKHDBIXH/1Q Z KHQREVHYDARY/Z W \WH$ UHHER 3QcHEY
5 DI RXAQNWR KDYH DRQXQMXDORI BERRHWKEEH |, Q \WH* DOBR\VSCAHRIDWGEZ B
, @ WH1( $5 \SHHROVWDWHGE 0 DKBILQ DAGDIMRG 6ZD
ZIOQEHIO® by target of ESAs Rosetta mission in 2008. Palisa' s most famous discovery is
SFHEO DIMRG $ BHWWHQ R WHVHRG1 ($ 1RXQG W2 DVGWNRQ DIHZ
@ VOWUWGAWRYHY  7KH$ P RUWSHDIMRGZ DVI LD BHRYHIHGLO B WH
6 SCHZ DRK SURWRW
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5 HHHRY

30N 6 6HQHIHWESH LDD-RDQ3DDD
KWB ZZZ DMRXQVHOFDMZXAAMO XIQU  VHCHIHWB\SH LDOKW O

SEHKWS O DWH + 0 6AKCHDS (D DMMRGUAMHDIK IQ$S XWNID 3@CHMY
DAG6SOAH6HHIAH

BRKHDS  +DXpt, H.: Kleine Planeten, deren Namen einen Osterreichbezug aufweisen,
Sitzungeberichte der Osterr. Akademie der Wissenschaften, Abt. 11, 204, 185



6WQANH:  /IMWR 1* & ,& FBVHYHY
KWB ZZZ QHFHAP RAVHYHY SHYRQVKW

30D\D J.: Bericht tber die wahrend der totalen Sonnenfinsternis vom 6. Mai 1883
HKDOMH YHREAKWMQIHY 6 MXQIVEHIFKWAHUNDVHIAKHDS NOGP IHGHU:  IWHQAKDO WD
$BEW
0 LARBOAHEHIMI ' DMRYHY &LUPXP WHAHVR 1 XP EHHG0 LCRUBMICHN
KW ADZZZ KBYDGHSX IDX QW1 XP BHHD 3VKW O

OHHJO &DNBIXHR &RPHN DRYHIH
KWB ZZZ FRP HKXQMJGHHRFG KW O
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+6720 Szeged, D mt r 9, + XQID¥ J\# PRHKX

, QMRGXPARD

7KH Z HDHTXSSHG DARGRP HJ KDAQ) P DGH FRP HARBVHYDIRYY R H FHIBOADODN  Z MK \R H WERAKH
P RWNAKDLIPAUMIFE DQG EHIP HDMKUIE®I SDUIP HMY 7KHOP (VR KDYHE&Q WP REVHYDIRY/R FRP SDUED
SOUIP HMY \KDAZ HD\KRZ \KH HYROMRQ R FRP MV \KH FRP D DG VBEO GAMDGE JDV SIRGANRY GAUQY \KH
YIMAQNV $VZHZ MK R FKOUIRMY H WH FRP FAWHD  HDU® P HDAXUIE®! SOUP HAMY DuH WG \WDADUH
LQE-SHIGHAMHWH R \WH HIXLSP HWV XVHG RU RQ WH JHRP HUFDOFRQLIXUIDARY R \KH 6XQ ( DLW &RP HV
MVMP GUQ) \WHREHYDARY

. HUMHZ M) H DQG BWKV@HW AKOIRMY DIR)/ R WH FRP D DQG \BIOE, \KUDFH SKRRP HU Z KLBH \WH \R
DG $1UR TXOQMY ZLO KHS XV PHXH WH GAWSIRGANRY [QE-BHE00 R \WH RAVHYDIRD

AURXP WY 7KH 11GMIQY DG FDIEIDARD SUREBPV QR (RWHP \R \XSSD \WH TP DMKU (DURZ EDQG
SRPHY KRZHHJ ZH \KRY® UHZ WY \WKQTXH DV Z HD 6SHADE SURRHMHG LP DIHY HP SKDIVH

\HYH.DOBFDOGHEY LQ\WH FRP D DQG DV\KH UAXOW-BUAHQEBIYH LP DIHY MY VRROFDQ EHYHY SURP IMQY 1Q
I X\XUH DP DMKUDIRRP\ \AR ) LD Z H\KRZ. \WH QHFHWIW R DQ CURKLYDARQ M WP \KD/Z LGDP DIQEEQ \KH
P H FOIEUDARYY DG UHBARYY \R \KDMKH YDOTE®! REVHYDARY/ Z LAOQRMR EH GWM RU\WH GHEIGG
H [P LLDIRY/

61 B/ ELIKVZHWHYDQG SLR LGV

%RK \WH FRP D DQG WH \IOR D FRP HVAP LQMKHY \R \WH HEJHY \WDMY ZK\ \KH M H DG BUWKV@HY
GHMP LQDIRQY/ DUH P BLIXRYV 7 KH YWXDORBVHYHUMHH BLLIKWWMUDQG ELJJHUFRP HVZ L\ \P DEPUMBVARSHY \R
\HYH.DOHP SLUFDOUH FDIEUDNRQY DUH BTG Z KB P HILQ) WH QDB R GLTHHQARBVHYHY 7KLY LV Z KLBH
YIXDOREVHLYHY GAMAAH FRP D DQG WH \BIOH \WQAQ) D SRQAZ KHIH \WH FKOUIRAIMF \XWOFH BLIKVGHN
AP LQ\KH/ XQEHUWHU TP IMWXUDFH EUKVEHY P DIQWMGH 6XUERHY | IQMUWKDQ WY FDQERABH GMIMYXNKHS
IURP WHWN EDANJURXQG 7KLY QP IMP DIQWCH FHIBIQD  KLIK® G-BHIB/ RO \WH REVHLYDINRQ FLURXP \KURH
WHW. DQG\WHWBVARSH \R G I HIHWREHYHYAHHTXMAL T HHASOWR \KH\CP HREMAW

W KHS R GIMBOIP DJHSURFHMQ) XQ@P ELIXRXVFKOLIAM.] DIRQR WH FRP DM HLY \WELJKWRZ OGS RH
\HBRV D \XUCFH BUWKVGHN DAY Z HIDP HDWUIE®! RQWH LP IH B | DQNHRIK VR\KRZ. WH | DQNDR R
WHFRP D $ V\IH PXRP DG P DIQWG SHUVIXOUH DURVHRIBY DHXHG Z LW RKHUYDOHY DOR
DFRFBVBE®! 7 KH REVHYHG SOUP HAMULY WHH \WMRQR \KWHFRP HAYKWIRHZ KHH \WWH\XUDRH B KV@HW LV RYHJ
\KH\HBRMG QP WKLYV I XOWHUUH HIBG DY IRUH CPS® P DIQWEHM] H , QSUIRAH WHEWKW@HWR WH
FRP HMY P HDXUHG B LGRUDIQ) VHID R AURX@U DSHWUY \R\WH 10] H/ R WH LQ@VIGDOKHDY FOQ EH
PHDXUG 7KHIO{ R WHTXWH WOG-G\KUCAHDHAYIG-GE WHUM] H UAXGMY WHIO{ R \WHXQWIHD
VIXOHDPHREG 7 KHDYHIHVKUOAH B KVEHW/ LY FOBXDAG Z W KHS R \WHFRP SCUMRQ WU

© H KD/H \R QRM \WDAWKULFH BIK@HW UHHWQ) R D WD H \WOGHG \KUDAH LV 1Q SIRNH P HDKUHG 1Q
FROUGHIE® OLIH CSHWMUAY R \WH TXOQINV FDQ EH P XFK BAWUP HDJXUHG D/ \WBLY ) RUH CP S® Ll Z HKDYH
DG IPDJHZKHHWIYR P DIQWGH DUH P HDWUIE®! Z LW GW WDQ \RP HWON R P JQWMGH HURJ ZH
PD KRSHWDNHQWH P DIQWYGHM] HLVVR EH P HDXUHG TXAM Z HDD + RZ HYHU \WHWN. \XUCFH BIKW@HY
VDD IDQMMWHD P DIQWGH/IQ\WHRSIWID\RZ HR\WRKDH\RPHDXH RJ P DJQWMGHVEHBZ \KH
W ERNJURXQG 7KDAVZ K\ Z HHP SKDUVHWDARHHP HDXUHP HWUHTXUH TXANM SUHAVHFDIEUDARQY

) RUD P RIH GBI DDOMY RH FIQ H WIPARIRW VHRIRQY 1 URP \KH LP DJHY ) RUWKLY D SURP MG \RROLYV\R
XVHD FRAH I ROVSHRAMBOUHBAWRY 7KHZ LQERZ. LVWEFHG DIRQ) WH ARP HVHI - RQ\WH UDEDOMH WDAGURW\R
WH6XQ ) Of QHHBY FRHIY LOR P DIQUMGH/ DV GRAUEHS [ERYH 2 Q\MY GDIWP YV RHFDQ VFH RARD
\WHH \WMROR WHARP HVEXWWDVHRNRQR IWAXUOFH BWKV@HNP 08 GVWKVAD IWEWKW@HN SUR LB! Z KIFK
FOQLGFOGH\VRP HXVH XOPKDLEAMIMAE GHBIY HJ \RTOUNAWV\KDNFDQIRAEH UHFRIQ] HG B\ WHGHMP LGHGM] H
IHD I ZH P HDXUH \KH GAXADQG JDV ARP SROHQV HEODMD  HI Z W QDURZ EDQG | LGMY RU DADWAKMCY
-RQRY, DY WHSIRLGIR WH\®R FRP SROHQV FDQ EH FRP SIUHG ' XWAFRP SROHOV Z LOR W GRUHDH
| DAMU \RZ DG \WWH 6XQ WH HIHAWR \WH UDADARD SUAXKUH DG \WH \RDU Z1GG LV WASRUEB! |RU\KY
SHRPHR)Q



7REDEWKEHN R \WH FRP DLV SURSH® P HDKUHG Z DMQ \WH\SHAILHG FRP D WDAXY HI WH P DIQWMGH
VI H 7KRAIK DMLY VP SBIR EH P HDXUHG WY BUIKVGHN G-BHIB/ R WH GMBTRHY LQ WH ( D 6XQ ARP HV
JHRPHY YLD \WH YIME®! BWIK@HW R \WH 6XQ DAKH SRIMRQ R \WH FRP HV \R IMGRHY QRAFKDUIRM] H \WH
FRP HAKHERW

&RP DP RIBKRBI\

6XUDAH SARRPHY R P DJHY AQ DWW FRP D P RBKRBI\  \XFK Dv UDADDARP D SR LBV DG QRQUWDEND
IHDXMUH/ DOR FDIBG D/ ARP D SR LGV OQG O P XWODD WHRP DG HG IPDIR/ VAH HI / HHHHJHADD
/DIRY  6@XIKWF 1991), and also may yield estimated nuclear radii (e.g. Luu & Jewitt 1992, Lamy & T th

/ ZU BADD $ QOSSRSUDMVHBRNRQR P HAXP DGQ@URZ HDQGI LAMY AHQMHG RQGI T HHWV
Z DHBRQIWY FOQ VHSDUIDM \WH GAMNARQIMOP 1URP HP IWIRQB JDY ' LITHIHAHV1Q DV DG GAWNARP SRHQV
UWHIO \WH HIHFWR  WEDMNR) SHAXUH RQ ALTHHQMWSH R SDWFBY D JRRG HPSBI R FRPEQHG
TXCQNBRYHFRP DOOMYFDREHIRXQG HI LQERXO HABD

7KHFRP DLVEXOKS B\ \WHJID/ MWEBZ L) RANR \WHQEBKY + DIQ) FRMGHHE\WHLG-DORRP D TP HD D
\SKHIFDI \X P P HUE DG KRP RIHHRYV IBZ. Z W \VFHQ) HIHANV GHIQIDAG P SO SURYHY/\KDAKH \BSHR
\WH GIDUMKP LF ARP D SIR 1O G>® \WUDFH BWKV@HW RQ5 IDAXV@ G>® 5@RUG® %5 G® 5 LV
HOA®  2U L \RXH SUWWWHSUR LOD/\WH G HHADMR \KUDRH EWKV@HN LQ P DIQUYEH/\R \KH QDMUDD
GQIDIKP R \KH\CP SIQ) WDEXY WHVGBSHLY

,Q SUIAFH  ARP HIV KDYH (DUIRZ HJ SUR LBV WD \WH LlGDOFDH R XD BHEHD DG 7TKDMY
BHDXAH WH VRO Z 1QG DG UDADNRY SUARXUH SXWK \WH P DU W DG \WH DQINRDU GUHANRD DG P ONH \WH
AP DP RIHARP STRW

$ VIVKDY EHHQVHHD \WRXIK \KUDFH ELLIKW@HW FDQEHMP SO P HDKUHGLQWHFRP D \KLY YDOH G-BHIB/RQWWH
UDEXV\WDAZ H XVHG | RUWH GAMP LODARY ) LD ZHDHWRILQGD Q. SDUP HAU WHS 1R 6HANRY

Z KIFK Z LGDEH \MSE® | RU@MUIH P LQDMRY 7 KH FARP D SUR LB DQG \WH GIDUMP LE SIRLBGIR \WH$ | KR DA
VP SO FROGHAWG D/ WH$ 1R SIRLGILVH CA®  |RUWH L.G-DOARP D DQG \WHUQ! I HHFHLVH CA®  1RU
HHY NQGR ARP TH

.| RH KDV GAMP LGHG \WH FRP D SIR LG \WH P RGHBIG FRP D FDQ EH EXAWKS + RHU® \WDAZ LAODJR RQ DD
LQMHYH SIREGP DV WH REVHYHG FRP D LV \RP HZ KDAP RIH QLI XVH DV \WH WHDORH EHFDAH R \WH WP RRKQ)
HIHAWR WHQ) DG WH PRIRQ R \WH FRP HAGAUQ) WH H SRIXUH 6R RGH KDV \R FDBX@M R QBRI
X P P HME FRP CH DQG DV \WWH \HRQG WS EOUDQGWIFH\WHP B\ WHVFHQ) GHOAE-GIURP WMIDUSUR LGV
DQG \WHP RIR) FOBXOAG | URP \H DSSDUHQAYHBAW DQGWH H SRXUHWP H © KHQ\WH UHVKEMG SUR LOH | LW
\WHREVHYHG RAMUFRP D \WHP RGH0FRP DLVIOFA-BAG

7KLY FRP D X\KDED GRAY CRM MWAKH LQQHU FRP D EXVWKQEHIAKP DM/ \WH [0] 7 KDALY FDOHG B\ \WWH \RIG
QFDOXVINHD 6R \KH FRP SDUMRQ R \KH FRP D P R3-DDQG \WH REVHLYDIRYY Z LADUAKXINKH P IQWGEH R \KH
QFBXV DV \WH \KSHIORXY QIKWQ WH IQIHUARP D , Q SIIRWAH \WHQUHRWZ D LV SHHIHG \KH P R3-DFRP D
FRQELQY D QFBXY Z LW LW ELIKV@HW DV/D | UHH SDUIP HMJ 7 KH P RAHDQFEBKVLY\KII MG \R BH D EOUHG DG
WEFHS SRQMRXUAH KDYLQY \KH DSSURSUDM P DIQWCH 7KIVZ D WH | UHH SDUP HMYR \KH FRP DP R3-D0UH

IWARBCEUI KVEHY IWAESH DQGWH B KV FROMEXIRQI URP \KHQFBKY

7TKH$ ILKR

7KHH H WV DQ RAVHYE®! Z KK LV LQE-BHEHAR  WH REVHYDIRQ AURP WHY (P HD WH $ TR WY
GH LCHSE D/ WH UHDMYH OCHDUI LAY [ CARUR GAMADERY WH REVHYDINRQ GUHRANRO Z W KR FROMRQ SOUIP U
\RWHOQFDBKY 6R Z HFDQZ UMM

$IRFP@ ) RPHV ' 5 ) \MXQ  WKR

ZKHM' D65 WIQVIHRAHQUE DQG KHIRFHQNE WDAXY R \WH FRP HAV) \KQ LV WH WLLHXUDD RRVHYHG
10] R WH 6XQ LQ \KH \HBRMG Z DHEDQG ) FRP HW LY WH GAMAMG 10 R \WH FRP HVZ KIGBH KR LV \KH
FROIMRIOGQIW R \WH REHYDIRQ @H WH G\WUIFH BHEHHD \WH QURIR) R \WH RAVHYDIRY DG \WH
QFEOKVIWHD



,QWHFDHR \WHLG-DOFRP D \WWH $ | KR GRHY QRAGHBHIG RO \WH KR WDEXY , QWML FDH \KH REVHYHUFRX®
KD/H XVHG RID RH $ 1R SDUIP HMU HYHD Z KRAMKH UHHIKY) R \SHRILHG ,Q SIRWFH $1UR GRV
VKW G-BHIGRQ UKR DV LY P HQMRHS CERYH WH GUDUMAP IF \BHR $IURIVH DA® P RUH WDQ WH
RHR WH GIDUAP LF FRP D SR LG 6R WH FRP HALY RSWP DD AKOIPAI] HG B WH \HAR \RP HUR S IR
W SO ARHIQ) \WH Z KRBIFRP D 71P H GYHESP HAR $ 1 KR Z LOVKRZ. \WH YOU LQ) P DU SURSAURD
Z KLGIWH\SDIDOGHIYDM/R $ 1 KR UH HAR\KHSK\ FDOWBMR \KHFRP HV

&RP SB[ H CP LCDARYY

6HBRAMS H TP SBVZ L@KHS XV\KRZ \RP HGHEIGG H [P LADMRY/R AP HIV 7 KHVHIRXVP D \HBRASBQEG
R \RRY \R FEVHYH \WH FRP HAHYROMRY 7 KH P RWALP SRUBQALY \R KDYH KRP RIHIHRXV DQG FRQICRXY WP H
FRHIDIH \R IMZ RX@ EH DGYME®! R REHYH GW FRP HV 1Q P RUH GHELY FRQIMRA® LOXMIG R FRIPANY
IHZ IR \HHDORRP HV

+HHIW ZH SIHHQMRP HWRY ARP PR XVHG1Q HJ  JODj\ PREKRRI\ VWHHH 5 DAQADDK HADD

I RUHAHQAMVPAMRY - 3UHVHQMG DB Z HH RBVBICHG D/ DDUS R 2 EVHYDRLY P \WMBVRH * XQQ
1L.OMY/ DG VHPRMS LQMJHHIAH ARP HNLGMY VMK DV&1 BEOH & &2  7HBWARSH Z DV WERNHG RQR \KH
AP HNQINMDG R MGHHIOWDIANQ) R \WH C5SDUHQAP RERQ R \WH FRP HAGRHY QRADH HAWKH URKOV 6R DV R
HIP LCOMWH B ECDANJURXQG P IRV Z HH T LXABURFHWHG Z W \WH WMDUP R-OVBEWRRQWROR ,5%)
IQSUIPNHZHPDAHD36) SKRRPHN D5 XVHG WH URXGERAP DIHY DY WBUI HH R DG DV \WHVHREG
B \WH CSSURSUDM LP IH/ Z HH PHADRARP BAHG $1WKR ZDV P HDXUHG 1Q* XU ZKHHIHZ HP DWWRQ
Q@H/ DTHAMKH GAUNARQMOP  \R WH GANMARG 10 LY FRQUGHHG W EH SUIRSRWNRCDOWR \WH GG
2 BHDANRQ R JDV HROMRQ LFOGHS WH FOBXOWRQ R \WH LQAYIGDOJIDY SURGANRY DMV Z W KHS R
\GHRRKRAP HY DG RQWHRKHJKDQG ARP SDIMRQ R \WH JIDY DG GAWBLR LBV 2 BEHYDIRY/ Z HIHP DAH
LQ$ XIXWV ) RUPXAAKHJGAROY RQ AURXP WHY DG FOIEDWRQ/R  Interference filters see Szab et al.,

7R H WIRW\KH \KUCFH BIWK@HN FOQH CFRRW \WH QFBXY ZH XVHG WH C5H WIRMBN 10 \KH
7: 2' 63(& TADHIQ,58) $ DUAHRIGZIGH CSHWUH Z D/ \KUWG WURKIK \WH FRP D CFUIRW \KH
QFEBKV 1Q WR V[P SIQY) GUHANRY 2 HR \WHP Z DV \WH \RDUDQIYROU@H  KHHD MU UH HUMG DV UDGDD
VFAIRD  \KHRMHUSH SHIB FXOUVRWHUDADOGURANRY. KHIMWWMUUH HHG DABQ HOMDHRAIRD

$] P XWDID UHRWP DO HG P DIH/ DUH VP LOUWR \WH WAMGTOLP DIH/ GHIGHG B \WH QLIHHFHR WHARP D
LP DJH DQG DQ DDOWF WDEDOSUR LB + HH LOAMG R DQ DEDOWE | IWZ HMP SO XVHG WH UDEDOARP D P DIH
UAXOMY) 1URP DR LP XD DHIIHG ARP DIP DIH 7KH UM DOR VP LOUWR \WH 6 HNDQCD HRINRQY DV Z HID
YALIKWSRMYH DDV 1Q \WH UMGXTOLP DIH UH HUVR P DIUH FHW Z KIB GOUN QHIDYH YOOHY \KRZ. \MORXY
DDV 7KLV P HKRG HP SKDV] HY/WH SUAHQBIRQ R \GHADOSKHIRP HID \IKFK DV \KHHISWAW R \WHARP D MV
RUVGLQ WP 7R GHAUEH \WHH |HDMUBY ZH H \WERRG  \KUDAH BLUK@HW SR LGV IURP WH WMGD0D
LP DIHY MWAD/Z HAGI ROWHRWLGDOP DIH/

) RU SK\ MFDDFRFOMRY/ \WH WHIW R \SDIO YOUDNRYY P XWWEH FKOUIRMU HG © H FOBXOAMG  GFDD
LQMMN UDARY | RUWKH Q-IDAYH DQG SRAYH SHINVR [ LP XKD UHRP OO HG PDIHY 7KH DUHJLYHD B\
\WHSHON LQMIMEV Z LW URSHAWR \WH QRUP DIVAG ARP DLOMMW DARHVEP HSRIMRD

7 KHLP DJHVOUH IRBIAGLOD\KRK Z D \WH\RTUGUHANRDLY R \KH WIKW7 KH®! VWKESDEHY\KRZ. WHREVHYHG

P IRV Z KB \WH WKWKXESDHY DM [ LP XWKDD UHIRP DI HG LP DIHY * WISKV \KRZ  DEDOMRAIRY R

\KUDFH BWKV@HY SIRIGV P1G3D 1Q WBIUEG * XQ UDB & & LV SBIKG Z W UASHAWMR \WH ] HR

PDIQUCEHR * XQQJ 1 RIP DI HGLQMMW R \SDADOYDUDNRY/ LV \KRZ QLQWKH ERMP  / RODIQMNW UDAR

@ R \SDAIOYDUDIRY LV H SUAWHG LQ SHIFHQV DASRIYH QG QHIDAYH SHONV &URKAY UH HUVR \WH WDE0D

VHRNRD Z KIBIVRIG AH\KRZ VIWH\BQHOMOHRIRD 7KHIPDIW/DH ~ DAVHFWPH/  DAFIRJ 3 DG
DAHFWH/  DRAHIR) 3 DG& $

B6R DV MR LOMADM WH HILRHR R \MHH\BRY Z H \XP P DU H RAUFRFFOMRY/ LQ \WH | RIBZ LQIV 7KH

AWG QMDMXMH PDAD ,$8 &UWIXOW KHIHE XV RMHME \WH HROMRQ R FRP HV DG SUIHHN\RXU@I D/
the result of the previous history. For quantitatively detailed discussion and comparisons, see Szab et al.

3 YRUHD



7KLY FRP HABHRQIV\R WH - XSMUITP 1O Z W DQ REMIDSHIRG R CERW \ O WALV WH SIRRVSH R \KH
YRIHD WSH FDW R FRPHV GHIQHG B ) LN HADD NRZQIRUWGZ & SRAIRY 7KH
SHIKHIRQ ZDVVMGHG B $ + HID Z KR GHMP LGHG \HYHIDSURGANRD DM/ $ GABBEG WKRMDO
DIOMYVR W FRP D DQG QFBXV LYV SHHOAG R / CP\ HADD EDHG RQ REVHYDIR)/\ENHD GAUQY \KH
\[P H DSSOUMRD 7KH KDYH GHMP LGHS D SURDM\GKHIRG QFOXVPRIDOZIW WPH/ NP WPLOH/
7 KHBAWP DAG | IRIRDOCAWHDUDLY 2 XURBHYDIMRQY Z HH P DAH CERWE R P RQNVEHRIH\WH' H-5
6STFH  \SCFHRUI VHIFRXQAMMHG KLY ARP HAQ6HSWP BHJ

,P DH/ DAUHDMYH KLIK WP DXHY DG XQEH SUH I LOIKWARQAWNRYY Z HHABNHQ BHFDAH R WH  XQ DYRICE®!

HRQIDIRY 7KH QIKWR \KH ERWARDQSDHA  FRIGMRYY Z DV \VHBRMS | RUREVHYDIRYY DOKMRXIK \KH \FHQ)
ZDVOUHMDD DA

$ QKRIK WH\VESHR \WH SUR L \XIJHAV DQ DRMRSLE DQG WG KB FARP D \WH LQQHIMKRMUH Z DY
TXMWFARP SB  7KHQEGKVZ DV DUIURP \KHFRP D FHQMU KL \WG VR \WH DQIYRDUGUHAIRYD ' XUWFRP SRHQV
IRP H3 D ARP SCPAFBRG LQWH LQQH)  DUAVHF DURXQG WH FRP D DQG | RP H3 DR LP SUAKYH\BIOZ W | RINHG
WUKRMH * DV FRP SRIHQV | BZ HG \R \WH \RDU GLHANRD Z \W DB RWACR JDV REHYHG LQ \WH\BIO 6 XUCFH
SKREP HY \KRZ H3\WDAKH \KUDFH BIWKW@HW R \WH LQUHURRP D GHRUHDVHG | DXRULO \WH DQINRDUGUHANRD
PDQWAVIQ DFVRQWHUIP DN/ DG\GZH\RZOGWHEXQ PDIQWGYVIQ DR 7KHRAW
AP DEHTP HDXWUHXOU IWDG-GE  PDIQWGVIQ DA \RWHDQNRDUGURAIRQDQG DA \R
WH\RDURH

$V\KH ] LP XWDD UHIRP DI HG LP IH\KRZ V \KH EHKDRUR \WWH LQQHUFRP D LY GAH \R D MANINH RWGZ. \R
\KH DQINRDUGUHWRY FROBIQQ) R \WH\REDIO] 7KV [HDMHLY GHARBEGIMRAIK DUV RQ\KH
WADOARNVHRAIRY Z KIFK P STH/D SUIRSHJBRIW R NP RQ\KH DAAP SWRQ\KDAKH M \MQ DG @H/
ROWH\RDUWAXY $ FRP SDUMRQ M HHQ WH* XQQUDQG&RP HA8.  SUR LW \IIJHXV WDAMFRQAW \RBD
R JIDHRXVFRP SRHQN 7 KH\BICLY XWX DQG ARX@ EHGHMAMG HYHDEH RIGWHERGHUR WHLP DIH

3 6AKZDWPDQR: DFKP DQRQ

7 K XQU\XOOFRP HAMLY Z HONQRZ Q | RU LW XQBUHARBEG! RARXYW VHH ( Q LDQ HADD DG KHHHFAY
WHHQ 7 KHQFOXV\HP VR BEH SHKCSV \WH QLI HANRHNIRZ QLOWHERDIUG\ VWP Z KLBH W DOBHR VR WD
HXP DM W BEHRMHJ 2 much higher than is measured for ‘c0'sual@nuclei (Jewitt 1990). Jets of the
FRP HNQ RABXUIXKI JHINIRBANRIDCH | HAV 6 RYHBOREVHYHY KDYH WHG W GAMP LCH WH URBARQ SHIRG \WH
P RWHH® SEQKHGYDDH/OH DG KRAY 0 HKHADD

. HROHYHGWHRRP HAGUY W RABXUWZ KIFK Z DVI LISAGHMAMG B\ 1 DNDP XUD HADD RQO D

" XUQ) RAURBVHYDIRYY DQG UHAIRYY \WH P 0Q QLI LEXOV Z D/ WH FURZ GG N 1 LHTS L WH
0L : D 2 XUMBUEWERNRD SURHOAUH WP RHG CERW B BIWKWUWKDQ CERAW P IQWNGHY/
IRP WH DFPIQWPH/ DUPLQIIHG

7KUH P ROMYV D\MU \KH RABXOMARH FRP HAZ DY/ PDIQWGEY 1Q * XQQ U \KDQW \R LW SRIMRQ DV
RSSRMRQ DG KWK CRAMW ' XH W \WH GMBCFH R \KH ( DWW LW FRP D Z DV XM FRP SCRW LW \IKUDFH
BUK@WGFUIDHE PDQWEVIQ DRAHDG PDQWAVIQ DA 7KHOMUYDOHFRINSRGAR
DGIPHMIR NP 2Q\WH [P XD UHRIP DO HG P IH \WH Z HIDNGRZ Q MIAKKRZ VD \GLLIDINH
P DAHUUFK DQG P DIWUSRRUSDWZ W GRDOFRQMEXIRY/ DG UASHRAYHD  7KH\SLQQQ) \KCSH
LVDAMEXMG\R IRBMRQR \WHQEBKY

$ UQ) ONHWWKRMH DOR YIME®IZ W KHS R \KULFH SKRFP HY - LV QRAKGFOGHS LQ WH QRQ UDAD0SDWDY LW
YOQMKHY B\ \KEWERY \KH [ LP XKOODYHIIH |URP WH FRP D IP DJH 7KH MIAHIB/DV  DUAHF Z KLGH WY
IDQAUCQY LIV \KGHWG \R BEHDNV DFPLQ GWIGFH [URP WH QFOKV KDMQ) P D) VIXOUDURAH \KUDFH

BWKW@HW : HEHIHHWDMAH BZ FRQNVIQ&L &2 DUG& |LOMY RWICDM IURP \WH FROMOP DQG
FRGHIQ) \KHHXIP DAGHURY RID KLIKHUIP IWR \WHHP IWRQUDAW FDQEHUHSRWG

& $ /,1($5
7KHARP HAZ DVIQWHYHY TRAXVR \WHVAHWLF LOMIAAGAUQ) \WH\XP P HUR DVR 6H-BP BHJ

WHHKDHEBHD  ,$8 &K@ MKXHG GRAAUEQ) WH HROMRD R \KY LQMIG) FRP HV $ WikH HIG R
0 UK WHFRP HABIWKWMHS PDIQWGVIQ @)V 0 DM ] RHADD % \WHHGR $ SUO DGRED



QFOXV Z DV GHARMG  + HIHRAHJ HAVCD ) XUKH | UDIP HQBIRQ Z DV WHBRYMG B 6FAKXH) HAMDD

DG D &L MAZDV BSRWG B : RRGH HADD $\WWH \HFRQG KD R -XO® \WH FRPHWV

APIQ\KHG P DIQWGY DG USIG QIKWYDUDMRYY Z HH RRVHYHG \WHH DH H STIQHG B . IGIHJ HADD
D/WHVFEDUDIRQR \P DED\KRWDYHG\SIQMY WD D QRADYHEHHRGUHA® REVHYTE®

% WHWP HR RURBVHYDIRYY \WH\RIECCSSDHONP DIQWCH GRUHDHS EHBZ. HBYHOX P DIQWCEH DQGQRH
R \WH P XQIS0! QFOLZ D/ GAMABEBI RQRXULP DIH/ ' HEMMWHFDP BHOMRMVKIIJHMMGE, WHUQ$ D RQ
WSXIXW 87 DVWKWMFUDHR CAMMWZDVGAMWERO$ EIPDIH/ RQ W$XIXW 87

CXUQ WHS FUQ R WSXIXW 87 SIRGANR)DAWR &1 DG& LGRUDHGE DIDPRUR

Z KB GAMNSIRSAIRY OJG $ | R GG QRAWDY P XAK 7KH P RIARKSUMQ) HYHQABHE HHQ \KH QUKW LV WH
YOUDARQR \WHWKCSHR &  SUR LGB! 7 KH UDADIRY SUWKUH GRP LDIMG SUR LI Z W DURZ. AHQMUWMUHG LOR
DTXMMH WQE-G X P P HMF SUR LBIZ LW QW FHMDOKP S 6RP HSOWR WH&  \KUDFHZ HH BLLIKMKDD

WH* XQQ UFRQIDOP 7 KDAKKIJHAV D VP LOURAEXUMR CAMYW 1Q& DQG&1 DVZDVUWERWGE POQ
REHYHY GUQ) \WHSUMRXVZ HNY . LGIHJHATD

7KH* XQQ USIR LB GG QRAFKDQIHG WIQILFDQ® BHE HHQ WH IR XQ/ ,QWH QMDD DR \KH \KUDFH
BUKE@WIDVE  PDIQWGEY ZKGOIRQWH\RDUMGH WGFUDH/E PRHWDD P DIQWGEHLQERW
DA 2 Q\KH DQIYRDIUMGH WH FRP D HYRYHVLQIR DQ P SUAXMYHD BUWKWIQGZ IGH 9 \KTBHG\BIO Z KIFK LV
BUKMWID P D) VIXOWDAH Z KHQIWBDYHV\WHILHB R YIHZ $ V\RH\BICRKDLERAMUNKI IRV P HIHD GAW
FRP SRHQV \WH VEOIWHD KDY DOR GRABHHD GMMUEHG P XAK B\ WH REVHLYHS \P DIDRXBXUINVS GRIHAHL \KH
JHHIOPR&RR\ R & $ VO VP LOUW \WH REHYHG BFKDMRUR 3 %RUHD $ Q LP SRMIQV
QlIHHFH IV WDMQ \WH FDH R & $ QHUWUWSHR MAKD/ BHHD GAMAMG DQG \WH [ LP XKD
UHIRIP D) H3LP DIHVKRZ VD\BROUFK LQ GAMNDQE GAMABEBI XQMDKH QFDBXY

$ GRRAIK \KH FRQMEXINRQ R \SDMOYDUDNRY SDW\QIK® GG GAUQ) \KHRABXUNKH DR R GFDO
FRQMEXR)YDAP QP XP DQGP [ P XP UHP CLGHG FROWIQAVLH W Z \MQDQHIRY
R 7KDAPD EHH SDIGHGE\ D\SKHIFDD \X P P HME RABXUINV, Q\MY FDH WH CEVROWM YDOHVR GRQ
UDEDOSOW GR GRAWDY - EXVKKHLU FRQUEXNRQ G-RUHDAHY Dv \KH CEVROMWM YDOH R \KH UDADOSDWIGR D/
4 XDOMBIYHD \WH UDGDOSDVR \WH GANERP DLV LGRBDHG B , QWKLY FDH WHBIIK@HWR \WH LQQHU
FRP D\KRXGLGRHDH \KDADIUHHYZ L\ \RHREVHLYHG YDOH Z MMQWHH SHRMGHIRY

$ \SKHIFDORXEXWKP LIKWEH FDAMHG B\ XQIRP ® LGRBDIQ) CRIVW RQ\WH Z KRBIVKULFH R \KH QEFBXV

WRAIK \WH QM |UIAMRY/ R CRYH WD ARPPRI® REVHYHG 1Q ARPHV \HHP R FRDARWKLY YIHZ
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