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7 KIVAWMKDVEHHQKRP HR DFRQMXRVXSIUDAQ) R \R \ DUHI LOVWWDNIEBZ HGDD ,$ IGFH \RUDG DRIV EOQN

SIPWMUAVDQGARP SUMSRIMRY/IQDYHY \RSKIMVDAMGP DQQHUB P | 5LWKH &KUHMDG67 67

) HZ N.GP HMY\R\WHHDWBRICR WDAMWWELARGDARP HUF ZRIN B P | 1HZ\RQ67 67

* RQ) QRWERXQG RQ\WH$ SSHIQQ FKOIQQRW Z HANR ) GUHIAHDQGCRW HDWR 31MD\RXP D ILQGRHR WHEIR

ROHYDRUHVR * ,$ R-D\RWHSXETF 6 0 DUHIR 7 KHHREVFLYDRUHY/P DNHDWURQ) CRRYW Z LW MGHV \AKRRQJURXSV
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\AKRRO 7 KHIHDUH\E RP DIQWBVARSHY \WHRH\ RAVHHIQWHVACHEHBZ. DGRP HIVWHIRP HURHR 0 U %4DXUDQGP DNH/DD
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0 RHO&&' WKQRRI\ KDVHIEDGIP DAKUDAREP HY
\R\XFRHHG LQREVHLYDINRQAKDIAZ HHUAHYHG\R SUR HMRIO
\MPVARSH/XQEHUAIN\WNH/RQD DIHZ \ HOWDIR ) RU
HOPS®BID P \MBWRSHIQDECRN DGREHYDARY
HIXSSHGZ MM D&&'  FOQGHMANKELYR +RZHHU

P D LOXWKP HABCDQG HMURP HABCSOUIP HMY KDYHVREH
FROIGHHGZ KHORBHYQ) | DQABLIHN

SUIRSHIMVR 3ROMRXUARY

,n long exposures, point sources of light will be “smeared”
B \WHHIHAWR WHDN RSHH \KHWBVARSHRSWR
YIBDMRY/R \WHWBVRSH DG\RIRW $ WXP LQ) \KD/WKH
ROWADOHIWHR CEHUDARQY/RYHMHI IHBR \WH& &' WLV
AOIRMIMNE Gstribution of light, called the “ Point Spread
Function” (PSF) isthe samefor al point sourcesin the
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, QMW

7TKHKHIKWR \WH36) + LVSIRSRMRTORWH

P DJQWCHR \WHREMPA7 KH\VRBO O] R \KHREVIAV
FRUASRIB/ARWHLQAIUDAG YROP HR \KH36) GWWH
ECFNIURQGMI QO \FHEHBZ

T LON
,QHDOMRY  WHZ IGKR \WH* DAMDR36) LV

FKOURMY HGE WHTXOQIW QDRI WHZ IGK
R WH36) LVIUBTXHO® \SHAILHGE \WH\R called “ Full

Width Half maximum” (FWHM). As the name implies,
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IRPMQ) \MBVRSHROWY DGYIEDARY/ WA/ XD
G LOME WHVHQ) 7KH): +0 LVWHVOP HIRJDD
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HORAMS 0 RIRIED IWVIQEHBHEHONR WH
BUWK@HWR \WHREWRA/ALI KWARLY CESHOUQW HJRQ\KH
LP DJHRY BHDXAHWH I DQARAMIH WMRQ/R \WH36)
DHYME® ) RUIDQAXELY \WWHHSDWGRZ QLOWHRMH
DG DHWHIH RIHCRAME®!
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* XUQ) \WHH SRXUH \WH&E' CRARID FRIBAMMLICID
IURP \WHREMPVEXVWIOR QIKWURP \WHWN. ELFNIURXQG
DOG\KH\WHP DOWI@DOIHHDMGZ MMQWHGAMARL

7 KRHWI QO UAXONQD SHEAED % ROZ KLFK \KH36)
WVEDHS , GO \WHEDANJ URXQG IOV \KH\LP HRYHU
\WHZ KROH LHT| RUFDIELDMGLP DIHY , QSUIRINH

KRZ HYHU IZ LaYD \RP HZ KDARYHAKH LHTS
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LP DJHE\ C5SOLQ) DAWN I WP HFDIEUDARY EXWHQR\HR
\KH\KHUP DOLIQDOUHP D.QVHYHRLOWHFDIEUDMGLP DIH |, Q
DEAURQ\RWHWHP DOGR\H \KHUHDERAWR\HLY JHHDMG
LOWHGHMRU ( [ WLIDORUHVR QRVHDHWHSKRAD
QROHIQWHI@O URP \WH\N. EDANJURXQG DvZ HOD/\KH
SRIQRHIQWHWIDOR WHRERXQEHUREVHYDIRD
7 KH3RMRQQRVHLODMI Q@D \WWDAY \KHWEELG GHMDIRD
R WHLQAYIGOOP HDXUHP HQVI URP. WHWKHVLI QDO AR
EHHWP DG DAKHVIXOHURAR \WHUIQ@DLH
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FOBXDM| URP
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\WHWIQ@O URP WH\N. EDANJURXQGDQG 7 \WH\KHIP DOLI Q@0
FROAMGE \WHSL[ FOUASHAYHD DQGs  VKHUDERAW
QR\HIRUIRHS HD, | HDXDIRD L CESTHE\RWKHELLI KWKV
S HOQWHLP DJHR \KHREMAMKHUAXOW\KH 3HN61 5

| ROKDNREMIAA7 KH3HING1 5 LVIP SRMUIQADAR \E DU RU
KXP DQV FOQGHMWILQNENMFAVRQD L DABDWMKHELLI KAV
S HKDVD61 5 RHNRP HIWUAKRT\WWDA\HARDRG

| DOHGHAMRNRY/LQWHLP DIHGRVH 8 \XD® D3HING15 R
a LVARQIGHHE\R EHDP DULCDOGHMARY , QRAHZ RB/
\KLV/Z RX@FRUNERG\R\WHIP WY P DJQWWGHR \KH

LP DJH

) RUXQLOMHG RUELRDGEDQG P DIHY WHGRP LADQARXFHR
QRAHLYX\XOD \WHWN. ELANIUR(GG HYHQXQAHUYHY GO
WNH/ : WP RHQ ARRBGE&S V \WHLIQXWKP HABOGR\HLY
JHHIDD GWLP SRIBAVDQGREVRRVHLYRID MIQILEDQNV
IRUYHY BUJKWREMRV
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YLUXWH * UZ\WR 6LJQ@01 RVH DQG6LIQ@OR1 R\H
5 DIRZ WM LGRUDIQ) H SRKUHWP H

YLIXUH  \KRZ VIWHIURZ WR 6LJQ@01 RVH DQG6LIQ0OR
1RVH5DIR 615 ZWIQRBDIQ H SRKUHWP HWIL RM
WDMQWLVH P SB \WHEIANJURXQG M Q@6 LV VIR HU
WOQWHMIQDOS |URP WH REVIPXQG-URBVHYDIRY 7 KH
HERNWRXGERHLYs  \WHREVMRRVHLYs 7 KHUHDERXW
QRVHLYVIQE-BHG-M \WHH SRXUHWP HDQG WA WHH RH
QRMBIZQ ) RM P IMMEH SRKUH IWDQSIIRNFADD EH
GHIGRAMS 7 KHMIQ@06 JURZ VAQHLUZ W IGRBDIQ)

H SRMXUHWP H D/GR\KHECANI URXQG M. QDO DG WH
\WHP DOLQO7 ) RIMDMY WHEDANJ UR(QGQR\H

s O% DGWHWHPDORWH s 7 JWRZ \BZHJ

' REN WHH SRHUHWP HZ LAIRHDHDDLIQY 6 %7
B DIIRRUR BPWWHQ@RWHOYMHY s s s s B D
ICARUR R O \RWHG15 IFBIDHVE <O O

W LQRUDIQ H SRKUH \KHI DQARBVRZ LAREYIRA®

HP HJIHIURP \WHQRMH HYHQ\KRXIK \WHECANJ URXQGMI Q@D
1VDZ D VMR HADQWHMI QDO URP \KHREMRAIQWLY

H P S®

(WP DAY WHGELIQDOR 1 RVHS DAR

: DWDIHZ P RX® YHY P S®IFDBXONRY/ WY/ SRMEBIR
HXP DM\KHELIQ@DOR 1 RVAHS DARWDNDQEHH SHAMGIRUD
MDURBWANR NJRZ QP DDQWGHZ LW DFHMRIQHIASP HQWV
, QWL AW RHH CP SBIVARUBHGLQWP HGARO
) XUKHUH 0P SBVIQWHI RO LQJ FKEBIMUZ LABHX\VHG\R
FRP SDH YDURMMBVARSHVHXSV DIGWHJIOQ RUGRW 1Q
\WH615
7 KHWWMBVARSHX\HGIQWVH P SBIVD - P | UH GRRU
Z\DRHQWORRWKRNRQR P $ VDAGIMARU D&&'
with 24pm square pixels (corresponding to 2.5° at the focal
GRIWR P DA@NPUHMNR RHHPRWRQSHMNHREG
SHJS[ HODUDERWRVHR \WQHBRRY/SHUS[ HOOQGD
PHQTXOQMP HIIHHR R RYHAHYIME®IDQGQHU
LQUDHGSRWRIR WH\SHAWKP W E WV
> @: HDXXP HDWMIDUREWR/R DVWH\BLJHAR \KH
RAVHYDIRQ \WHEWKW@HWR WHWN. EDANIURXQG\R EH
SHNVDXOHDFVHRYG DGWH) : +0 R \WH WMDY
imageto be 4°. In that spectral range, we receive about
’ SKRRQY SHMRG SHNVDOHP HMJIURP DMWBUR
> @$ AlIHHFHR FRUIHSRIB/\RDIPRUR
LQWHBLWKW@HY \RWHHZ LGFHR® -~ + RJ
ERW  SKRRQY/SHMRGSHNDOHP HMJIBRP RU
\BLJHN7 KHQIKWRGRNY DUDR \WH P \WBVARSHLY
0.25m2 so it will accumulate 11’ 000 photoQ/1QD



VHREGH SRKH : W DTXOQMP HIIHHRA R \MVZ 1@
generate about 7' 700 electronsin the CCD.
$WKP LQJ) WDAKH36) R \WHRBWRNDREHGARUIB-GZ L\
HDOMRQ  DOGWWD/WKH SHIN BLWIKW@HW LV GFDMEH CR® DV
\WHFHOWHR RHS[ HOWVS[ HOFRBPVOERW R WH
total light, or about 3' 190 photons, which will generate
2233 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

. , Or about 2’ 748 photons per second per
sguare meter. The telescope therefore collects about 68’ 700
SKRRQ/IURP HOFK VIXDUH D \HFRIGGAUQ) WHH SRKUH
( DK S HORRYHY VIXOHDF VHRB/ DGWHHRH
about 429’ 375 photons from the sky background will be
FROBPMEGAUQ) WHH SRXUHIQHIRK S HO7KLVZ LA
generate about 300’ 563 electrons, with a Poisson noise of ~

HPRRY/

" XUQ) WHH SRMUH WHAEN PAUHAZ LOQIHHDM
HBRURYV/LQHIK S HO DG WHA@N QRAHLY\WHH RH
) 7 KHUHDGRAMDGEY/ I XUKH) - QRVHHBRRY/
8\MQ HDOMRY  \WHVREDRVHLQWH B KWWAELL HIFDQ
EHFOPXOMSE DE3Q) \WHREMRNRVAHLOQ WH BUL KWWY
S HOWHW. RVH WWHAEUN QRVH DG \WWHUHDERAWRVHLQ

TXOGDMH LH Q472 5482 102 102 a 7KH3HN
Signal Noise Ratio is now found to be 2' 233 a

2 EYIRAO \KH REVRAY/RD P DL GAMAMGLQ
\KLVH P S

$ GRRAIK \KLV/LVDMP ST IHGFOBXDIRY HI  GRDMP SR
FRUMAWRUDN REHIF H \WRIRQZ D/P DaH DGR
DWQINRDZ D/ILYHOWR\MH\DMDNRQR S HY HE  VAAMD
DUDRIEGIHAP DM 6RP HI XUKHMBVARSH\HMSVZ LOEH
FRP SDUHGLOWHQH WAKDBMY DOGWHUAKAOVOUH

FRP SOUHG $ @FDBXOIRQ/DH\KP P O] HSLOME®!  LOWH
$SSHE|

([ SRKH7IPH

, QWWHSUHYLRXVKCBMJ DMELUR LVRI® P DL
GWRMGZIND P11 WBWRHIQD  \HR®G

H SRKXH , QWHQH W CP SO \WHH SRXUHWP HLVH \MXG-G
W \HRO/ARIGFUDHWHELIQOL RVH5 DIRR \WH
REVIPW7 KHFDBX@IRQ Z KIFK M\KP P DU H3DVH CP S®f
IOWED! LQWHS SSHE[ \KRZ VKDWH6E15 R \WH
BUKMVEL HYLGFUDHIURP  \R  ,WOVEHDQRMG
SUMRA® \KDARIDIQ) \WHH SRXUHWP HE\ DICARUR Q
Z I@QUIMNVHWH6G1 5 B\ DIDRRUR OQ ,QWLVH CP SBi WH

H SRKXUH\WP HKDVEHQLGRUDHGE DICARUR  DQGWH
615 ZD/UMGE DICRRUR O a

7KHP MY P DIQWAHR DQLP DIHFDQEHGH LGHGE WH
BWK@WR \WHWIYWRIQ) VP HP IQP D615 IRJ
HOPSB  $ ICARUR  LQBWK@WARINGRBAR
RHP DIQWGH Z KIFK FRHD P DRKH/WHIGRBDHLQ61 5
CHR\WHERIHH SRXH 7RIGFUDHWHIP W)

P DIQWEHE RGHIX@P DIQWGEH WHH SRKUHWP HZ RXG
KD/H\REHH \WQG-GE\ DICRRUR LH\R  \HR®Y/
3XKIQ) WHIP MY P IQWEHGRZ QB RHPRH

P DJQWGEH DRMHUGFUDHE DICRRUR Z RXGEH
QXD \WHH SRKUHWP HZ RXGBLQRBDHVR CERW
\HRB/ RU PLOAMY [LIXUH
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YLIXUH 5 HIMYHH SRKUHWP HUXUHS | RIGRUDIQ)
\KHQP IMCY P DIQUMCH

7 HPVARSHS SHOMUH

,QWHH W CP S Z HZ L.@H SDGWH\MBVARSHCSHYMUH
IRP P D/YXVGIQWHSHWIRVHIPSBY \R P Z1\WK
DRHQWCREWRNRQR P 1QGOP HMUDG DI RFEDOBHIW
R P ) ROWHHMYURP HQWN HANJURXQG VFHQ) DG
\WHGAMRRL WH\OP H YOOHY DVIQWH SUMRXVH [P SBY
DHXVH5 DGDH SRAXHWP HR \HRYG DVIQH CP S

DAXP HG 7 KHUIAXOWR WHFDBXOWRQ Z KKK LV
VPPOUNHSDV/H P S IQWER  1IQWHS SSHIE[ LV
\RP HZ KDAKBUMQ) $ GRRIKWH P \MBAVARSHKDY

P H/P RHQIKWRMRNY DHDWOQWH P

LOXUKP HQMWKH3HING1 5 lVQRZ R &RP SDHG\W
WH3HN615 R  WDVZD/IRGIRMH  VHREG
LOMWDNZ MWWH P \MBVRSH WLVIVD®RWR a
LQAP MY P DIQWCH
+RZ FOQWLVEH ' XHWR\WH®Q | RFDOBIIW R \WH
\WBVARSH HIFK S HOZ FRHYR®  71° © 0.71°.
&RP SDHGWRWH P \MPVARSHIURP \WHSURIRXYV
examples (pixel size2.5° " 2.5°), thisis only 8% of the
DUD 9% AP HQQ) WHICRHDHC QIKWAREPRNY SZHY
DG WH W DIBUSL HOWFD®B Z HILQGWDNDRK S HOUHRHYHY
R® BRW »  \P HY\WHQKWROBRAMGLO
RHS[HR WH&&' B WHW DIANBVARSH $ VERK \KH
QKWURP \WHREWMRNDG T URP \WWHWN EERNDURXQG \WH
GP LLOQANRAUAHR (RVHIQWHHH OP SBV GRSE \WH
IDARUR \WH61 5 \KR@GGFUHDHDSSKH IPDMY B D
I DARUR O a 7 KHWKHI CRRUIRXQG R
AP SDUQ) \WH61 5 AOBXDMSIQH CPSBYV OG5 VR
ERW BHDXHWH36) LVDQRQ QHIUIXQRNRY
HDONRQ  FRAEHDAY P RHQIKWOQWHR-QAHR \WH
S HOKDRLQWH RAMUUH LRONKDAZ HHBNGHR\KH
\P DBUDQIXOM] HR \WHS HYLQWDAH P S
" RAV\KLY P HDQWDAWWP DNV QRVHQHR XVH@WUHJ
WDVARSHY' 2 | FRAUHQRVS SSDUHQ®  \WHSUREBP LV
WHDMSWRWWHS HOFD® VRS HCEQQQ) P LIKWEHR \RP H
KH3 % XMQ1 =~ H@Q HOPS® D3HN615 R

LVRARICHS Z KIFK FRUASRIB/\R QLABDHLQ@P DY
PDQWGER DERW DVARP DHG\RWH P
WBVRSHIQH P SBI RUR DVARP SDHGWR\KH

P \MPVRSHZ WWWH&E'  XVHEZ WWRAVAEQRQ)
H CP SH
Scaling the FWHM from 4° to 2° (by improving the
\MBAVARSHRSWY WHI RRAMCQ) \WHP HROQEVRAWHVHHQ)
U SRMEBIIQVRP HZ D Z RX@EHHYHR BHHUMDQBEQQQ)
7TKHSHNG615 ZR@IWZ \R DGWHJIDQLOAP MY



P DIQWCHLYCERW D/FRP SHG\RH P SBI RU
DVARP SDUHG\RH CP S

31 HO61] HDQG 6CP SAQ

$ SSIHQ® \WHUHDIYHM] HR \WHS[ FOR\WWH) : +0 R
\KHWMIDULP DIH/LYDQLP SRMIQVORRULQRAIQQY) \WH
KUKHWBRME®I615 % SHIRP Q) FOBXDMNRO/MP DR
\KH61 5 HANP DAVIQWWHSUHRXAKCOMY IWDQEHKRZ Q
\KDWHKUIKHWBHINGL 5 LVREBIGHSZ KHOWHSI] HYDUH
ERW “): +0 LOV]H ILIXUH

e
s
L/
1L/
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Pixel Size [FWHM]

)LIXUH 9 DUDMNRQR SHIN61 5 | RUYDURXVSL HOFDBY
7KHS] HOM] HIVP FDXUGIQXQWR ) : +0

D MK @QUHS] HY PRVWR \WHSKRRY/DHFR®RMG B
\KHVQIGISI] HORQZ KIFK\WWH36) R \WHWM@DULP DIHLY
centred, whilst only the fainter, noisy 2wings® of the PSF
| DORQWHQHIKERAUIQ) S HY URXAY LODKLIK61 5
+ RZ HWHU Z \W DB RINTDKH QI KWARFHRDMGLQDMQIM
S HOIW RXGEHYHY Gl LEXOWR GMNI XK WHDOREVRNV
WP P DJHDUNM OFW ONHKRARL HYRURRWP LF WD WENHY
DG LWWYIP SRMEGIVR FOBXDM \WH SUHHVHSRARQR \WH
REMRWR\XE S HOR-XUIR
7RUARQWHLQRP DIRQR \WWHREMRVRQWH& &' [P DIH
\KHVFDBIP XWEHRRHQWR\WWDAKH) : +0 R WU
\RAUMNAS/DMBDW R S HY> @7 K\VFOBILY DG
acritical sampling®, asit preserves just enough information
\KDAWKHRUWLDCB6) FOQEHUHRUIHGE \RP H\R\W DH
DOOMQ) WHIP DJH : W HHY@UHJS HY LH GWWOQ
S[HYSH)): +0 \WH36) FOQQREHUMRUHGZ W
\K | LIHHQABHAMRY DG DXRP HUF RUSKRAP HMF D
UHEARNRQLYLTHXIDM  RUQRABRMEGI DADD 7 KW\XDIRD
is called 2undersampling®. In the other extreme
(®oversampling®) the light of the object is spread over many
[ HY $ GMRIKWH36) R MDUREWRNVFDQEHURXRUHG
Z W KLIK SHAMRQLOWIYVFDH WH61 5 LVGHRIDHS ILIXH

-

o
©

Relative SNR

o
=]

&UWFDD \LP SBGIP DIH/Z LAILYHWHKLIKHXVG1 5 DG
GHEHNIP MY P DIQWMGH SRME®IZ LW DILYHQHTXSP HQNV
LQDAHWOQH SRAHWP H Z BKRWBRIQ) [P SRMEN
LQRP DNRQARQECHE LQWHLP DIH ) RUDSSTFDNRQ/\AKDN
GP DG WHKLIKHWERWE® DXURP HUEF RUSKRAP HUF
SHAMRQ RHP LIKWARQUGHNP HRYHAP SIQ) 7 KHMP H
istrue for 2pretty pictures®, as stars on critically sampled

LP DIH/GRN IDKHUEGHAN

YLIXUH 8 QEHYOP SBG W FUMFDI \OP SBG FHOAU
DOGRYHYOP SBG WKWMMDULP DIH/ \WSURZ DG \KH
36) |WG\RWHLP DJHADD ERWP URZ

( ULRU( \KP DM/

) MR D36) SUR LBIVR DI LQMRM GHMUWRQLY QDMUDED
GW SUHRVHWOR! RUEWKWMIDULP DIHVZ W DKLIK 61 5
IWXH  3RIMRQDGEWKVGHNFOBXDMS| RJ DOV
GHARNRY/DUHWHIH RUHH SHARG\R EHOW SUHRVHWDR! RU
EUIKWREVIAN

YLXUH  * DAKDO36) |IMKG\RDIDQN3HNGLS a DG
DEWKW3HNG15 a  WMIDULP DIH

7 KHI DAMRDOGFHMNQVR WHVREDI O] LVMP SO \WH
UHASURFDOYDOHR \WHELIQ@OR1 RAVHSDAR 615

\RP HIP° H/DOR FDEPG\WH1 RVHWR 6LIQDCE DIRY. %4,
FROMY) KV XQ@FHMIQIV\R P DIQWMGHY Z HIHW

1
Log(1+———
s = 9( SNR)
PrOT Log(2.5)

+HHs  DMKHRHVIP DUDQERP HURUHIMP DMGI ROWH
P DIQUGHP HDXUHG DQG61 5 V\KHVRED61 5 R DOS] HY
LQRYHE HI Z WMQDW QKHIF DSHWUHRHWHG RQWH
REVIAW % P RAI\ LQ) HDOMRY  Z HFDQI LQG WKLY YDOH
IURP

S

NR=
\/S+n’ (B+T +s§)

,QWLVIRP XD 6 [VWHVREOQM DM@ URP \KH
REVIPAQWKHP HDXUHP HQVLH  Z MQWHDSHWUH DQGQ
MKHQ®P EHUR S HYZ WLQWHDSHWMUH 7 KHRKH
TXOQMHYDHIG-QIFIORHNDOMRY , WKRXG EHQRAMS
\KDAVDVERK 6 DQGQZ LOFKDQYHZ IW\KHGLP HAUR \WH
DSHWUH WHVRBSL 5 YOUHYZ WY WHGLP HMUR \KH
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SNR
) LUXUH  7KHSKREP HUMF HIRU LOWMMDUP DIQWGEY

H SHAMS | RUSROANRUAH/ XS WD61 5 R

YLIXUH  \KRZ V\KHH SHRMGXQFHMRQI [Q\KHP DIQWGH
IRUSRQAXS\R615  DVFOBXDMIRP HIXDIRD
(TOIRY R HXP DMAKHUDERP HIRULQSKRAP HIY
GHWIP DIHGRVH , WERHVQRATFFRXQIVRUDD \X kP DIF
HURY @\HAL HHFHVIQ\SHBOHMAWR \WHES' DQG
\KH FREXUEDQE XVHG LOWHWEUFDBBRIXH \KDAP LIKVWH HAW
CEVROAM SKRBP HME UAXOV

3URMGHG\WDAMHWMIDULP DIH/DUHSURSH.D \P SBG \KH
DXURP HUE HURUFDQ EHHXMP DMGXMQ) \MYHDOMRD> @

_SPS:

S =
AST S\l R

+HHs LV\KHHXP DMGRHMWJIP DHIRJR \WHSRIWRD

R \WHREWRANS  \WH* DAWDBQWIP DR WH36) DVIQ
HDOMRQ DG615 WMKWHIHING6LIQ@OR1 RVHS DIRR
\WHREVRWVL RMWKDYY  Z L@EHH SURRMHGLQWHMP HXQW
D/s X0 DFVHREBY/ OGWDY  FOQBEHFIBXDMS
from FWHM 2.355.
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) LIXUH 7 KHDWARP HNIF HIRU IQXQWR \KH) : +0
H SHAMG | RUSRQARXUAHY/XS \RD3HING1 5 R

Y LIXUH  \KRZ V\HH SHAMS XERHMRQIV LOWHSRIMRY 1Q
XQWR ): +0 IRUSRQMS\R615  D/FOBXDRGIURP

HDOMD  $J0Q HDOMRY R HKWP DAVWHUDQERP

HURULQWHWMDURHQRRGGHWR P DIHQRWH , WERH/ @RV
CFRXQNVRUBQ \X WP DIF HIRY LQNRGFHGE \WH
DIARP HUF UH HHFHWEURDIRI XH | RUH OP S® WDV

P LIKWD | HRATEVRO\M DXIRP HE UHAXAOV

S5HMAQQ WH PSB! \WHDXRP HMF RH\LJP DHUIRJ

H SHAMG I ROWHSROQANRAUHZ 1MW D3HIN6LIQ@OR 1 R\VH
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 OHRW  VIRXQGE XMQ)
HDOMRY ) URP HDDIRD  \WHSKRAP HAF HURULY
HXWP DMGW a

An astrometric error of ~1° isacceptable, particularly if it
LVDREVHYDIRQR DP LRUSDIHAZ W DXQFHWRQRBWED
VROMRQRUD@UHWN SIIHXGAHMEQN |RUH P SB DVIQ
WHFDHR OMIRT®Z XS RUHRHY REVHYDIRY/

2 BHYDIRY/R \WHQIKWAXYHR DP LRUSDHAXKOD
UHNXUHDSHAMRQR RUBHMU FRUNGRIAQ) WD
615 R RIKIKHJ2 ERAO SKRAP HUF FBHYDARY/
DHP XK P RHGP DRAQ) WDQDXRP HY

6XP P DU DQG & RFOMRY

7 KLY SOSHUI LW AUEHG\WH FKDUIRMIMIPVR - D* DAXIDD
3RQBSHIG) XRIRY DIGWHVRUAH/R GRAHIQWWH
IPDILQI MVKP $ [HZ H OP SBV HAWP DY) \WHELIQDR
1 R\VH5 DR RAEICHS | RUI QAERQNRXUAHYZ LW YOURXY
\MBPVARSHVHXSV KLIKDI KWGWDAHMURGP HOROFRQAMRYY
\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
SOHXPHIEQN | ROHREMAKQEHUREVHYDARDLY OLIH
) RUSKRAP HMF WYAH/ DKLIKHJ61 5 LV G-MLUIE®]

5 HHHFH
$XHU/ + YOQ$SQMD: ) ' LILWBOP DIHFHQMUQ)
., $ \WRERP LFDD RAID

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

YHW 5 9XHD- 7KH+DQERRNR $ WRERP LEDD
,PIH3URFHMG) : LOP DQUHD, F

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

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

1DGU7 $QRIWP DOH WERNRQDORIMP |RUP DILQ)
SREPHY 0 ROKOD 1 RIF/R \WH5 R D05 WRFRP LEDO
6RALHI

THOACHH/ @ @ IQEBRNG $ 2 BHYDIRQDEG
5 HAMRQ0 HARG/R GHE30BP U LK 6KRRMU
0 ROFV 7KH$ WIRSK\ IFDD RACDOB XSSP HYGHIH/
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70EG 6XPPDY R WH615 FDOXOWRY/P HONRHSIQWHW W [ OP SB  VGARIB-GIOVRP HGARAQWHSESH 1 RMWDN
IRUH PSB! WHS] HOM] HOWMG LQWH\RE®ILY QRAWKH SK\ MFDOM] H EXVWKHVIWIR \WH ~ BQLHG S| HO DG DORKHIAD
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35(&,6,21,1 $67520 (75< $1' 3+2720 (75< $1$0$7(85
$33523$8&+

YHIDGEKUIMESKH  YBCH&RXUAHIDY 300V ) UDQFH

EFKUMR FOE LOMIHNU

$ BEVADRW

; KHQWG 1Q) WHUIRBNRQR DAMRG/IWYQHHAMY WRJIHD JWDAXP BHUR 1P DIH/R \WHVOP HWBLWY | LHGS , QI DRNVZ HOOR
KDYH CFFHWAR\KH SUHAMRQLOWH P HDKUHP HAR SRIMRQDQGR P DIQWGHR WHWELYR \WH| LH
, Z RA@GOMHWRILYHWRP HIXWKHUH SODINRYY |, QGHHG UL DKXQBHGLIP DH/R \WHMOP HDWD DIHUWHRGEHGOG U WV SRIMEBIVR
P HDXUH LQHIK SRXUH DKXQAHGWILY B XMQ) \RZ DH@\H,5,6 D/ZHIDVWHE 61 2 MDA : HARIAM RUHIK WU
\KRZ 1Q) RQVRYHDAP DHY DRLOMANY) QP BHUR P HDXUHP HQVR SRIWRY/OQGP DIQWEH &RQHDH® WA/ SRMEBIR
FOBXOMWHDHDIHDQGWHWP VR PHDXUBHG5$ * H 0 DJ IRJIHIKKR \KRHHWILY/
7 KHDHIJHP HDXUHP HQWFRXG BEHXVHG\R XS@DMADERIY Z KHFDVWKHUP VYDOHJILYHA RX BRLQ R P DARQRQWHRBRIQGHE
SUHAMRY , KDHSHJRP HGWMVNQGR VWWH ZIW [P DJH/R DQOBDVUR@AEQ) WHS WMRG 78 S5HXW
are not « CEVRO\WM>» but depend on how images were obtained. | will present some conclusions and raise some questions.

3UCHSOVR WHP HDXP HOV

Let's make the assumption that we have 100 starsin the field of view, each S\SBUEHQ) DIHAMGE VRP HQRVH WV QRVHLY
AXAMGE 1ORXDARY/R \WHEDANJURX(G S HDDWNRQ \WMUEXGBIRH HY
,| DCDKHWILY KDHWHP HSRWRQ@RMVH \D VHFR ODF WPV WHIUGGHLQHGE, WH B/ Z L@BHDUBRUWP VSRIMRY
QRWHR R \WRDIF WRIOFAMGGE WHURMNR 1RZ U, AP HWHSRMROR RHWIUZ MW WHJIUG
AHIGGE WH \KHUP VP HDXUHGZ L@EHD OB EVRYH) \HFR D \WHHURURRP LQJ \WURXAIK JUGQRWHLY GHIQIHE®!
, AP SDHSRUWRY/Z W \KHS 61 2 FDER) LOQREHNAMR JHAP RIHLQ RUIP DARQ/BEXWAMNY QRABDD GHHWOY
| RURBWQQ) P HDXUHP HQABBHAMRQ
% XNMQ SPRXMBH \ RXJRAD YHY JRRGARQ LGHIFHLQWHDYH DIHDQGLQWH UP vV YOOH | RUSRIMRY/ DG P DIQWEHY/

&RGMRYVR REVHUYDARD

, X\HGDKRPHPDCHQZ\WQDD FP WBWRSH  FP IRDOBRIW
7KHFRBUWRYR RVHYDARQDWH . P 1 RWR 30UVDADGZ DOWMCH YHY QHUR Z KDVRX FDQKDYH
LODSDIQOD  GAUQ) \WHHREHYDIRQAMHVFHQ) Z DVIDMHUURRG  \HFR DF  \KH\BLJHAZ D/QHOUWH] HQWW
7KH&&' FPHDXHGLVDQ+LMY — HIXSHSZL\WKD. RAN. O QI IGMDQGEQQ) FRILIXIDIRY
7KVILYH/D \HFR DUF BAROMRQDQGDIIHGR YHZ R PIQR DIF
([ SREUHWP HIVAKRHQDN  \HF | RUGRADMIDAY) \WH P D) WBULQKH | LHTS DQG DOR R JHAKDLS WILY/
DQGP [ LP [] HWH\I DOR GRAHWDIR
7 DUHN

Observation of the rotation of 14923 1994TU3 Mag 15.6 21h23m29s 31°39 ( 2000 ) nHUQ HB&\ JQ
)L 7KVS$ WMRGZ DVFKRHDI RAWHIRTBZ LQ) UDRQ

QRPAYH/R IRBIRQZ HHDYO.OEB!
LWDQIXDUP RXYHP HZ LONH-S IWOQWHP DO IHBR YIHZ GAUQ) WH KRXUWP HR REVHLYDIRD
IWSHIRAGPDI R VZ MQDWQIHR JRRGSUHAMRY DVZ HZ LA

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 HQAR \WHDWMRGDGDORVRP HYHY Z HINWBLY DIRXQGP D)

JU WRZVWHB8612 $ MY DRXEG R WH\CP HIIHGR YiHZ



&&' HPHDWZDH

S RNHAPLSY \ROFTXUWHWHS AU DG, 5, 6 \R SURFHW\KHP
( K SIPMUHLYFRIBRAMG | RUR N VANEDIN DG I OAS IWAKDY Z LAXVHWH DXVRP DI DXRP HAF
SFHVR WH\RWEDH :  KHQRHSRMHKDY BHSURAAAHS \WHVR\R DUHZ LOGHDYHUDOWR WHGAMANMG WL/ Z W WHU

SRIMRQ/DQGP DIQWMGH FRP SOHGZ MWWHS 61 2 UH HIHIAHWELY
YL JLYH/DQH HP SBIR WHHGHARMS WY OWDGG) L) JLYHAKRHFDILR) UH HIHRH LY QWY

5,6 DORJLYH/DAFHWAR\WH LI DOR QRVHUDIR | RUGH | HIHQWARLY

YU \KRZV6 1 FRP SIHGZ LW P IQWMGH

7KHQR\HZDVDRXQG / 6%DGWHG QPIFWQHR WH  BWAIPHDLY  $ WIUPD)  LVDAWHAP LW
R \DMDNIQDGDWILPD)  LVGHARMGZ WDQ6 1 R

, GYHBSSHEDIHZ \R\& DUAVLQUDIE \RDIJUHI DMKHHKELY QAN \R P DK WILY DQG | RUHIFK RHR \WHFRP P RQUBLYRQ
WH  SPMA/\RFDBXOM
WHDYHIJH SRR/ DG WHUP V
WHD/HIVHP DIQWWGHDGWHWP V

5 HXOV

)L \KRZVDOWR GLIHHFAYBEAR HHWHUH HHFHSRMWMRVR 8 61 2 WY/ DG \WHDYHIIH
SRIMRQ RBCHS 7 KRWHALTHHAYDHTAM@OUH VP HP VRYHU. VHFR DF Z KIRK P HDQV\KDAKHS 61 2 FDER) LV

JHMD) RT5DQG\KRXGEHWMHEXS

YU ILYHARHUWP VR WHP HDXUG5$ DQG' HYHIXVP DIQUEEH
YW JLYHARHWP VYHIXVG 1
YU ILYHARHWP VR WHP HDXUHGP DIQWMGH YHYXVP DIQWGH
YL JLYHARHWP VYHIXVG 1

, ZR@GOH\RHP SKDI HWDMVERZHQPDIQWEH  OQG  OQGIRUDQRAHYDIRQWP HR  V ZHREBNQ
WP VYIDHIQ5$ DG’ HEAWUKWDD  \HFR DF
P VYDOHIQO DIQWCHEHWUMDYD ~— PDJ

7KYVP HXQ/WDM Z HENHR® RHSPMUHDN R FRQIAHAHZ HZ I@EHDV RJ VHR DF
DGOV R~ PO DRXGPD WSsRAWHY RS- VWFRDF RS- PD
| Z HIGRBDHWH REVHYDARQWP HRULL Z H\VBNHL SIRMUHY WHHSUHAMRQVZ LOEHIP SIRYHSE \WH
URR 1

| ZHZ DOMR UK PD ZHZRXGHG VOGIRY VHR DF ZHZ R@GHS VR RAVHYDNRQWP H

& RFOMRY

 WMONWDNHIK) DSUHAMRQR VR DFIQ VR REVHYDINRQLYDYHY QMK DOGHIFRADILGY UKV
7 KLVP HDQ/WDAZP DAKUDWIRRP HUFDQGRDBWR DIURP HUE Z RN 7RGR\R Z HQHHGDQLP SURYHG UH HIHFH DB

) ROWHP DIQWGHP HDKUHP HQV \WHGASHWMRQLY TXAW@UHEHDXAHZ HI DFHP DY SUREGP VEERWWKHS DQG%P D R \WH
FDBER) DOG\WH\GHAUDOR'  UASRQH

, QWHIXMMH, KRSH\WDAZ HZ LAQIHADFDER) Z MK QRARID DSRMRQSUHAMRQR R DUF EXVIOR Z W UH HIHGFH

[ LGMHGP DIQUYEH/

, Z RAGONHWR AP P HQAKHDYDRIIH/R \WH\WRKQTXHY CERYHP HQNRQHS
7KH DHTXAWMP SBIRLP SOP HQADGWH Z RAGHTERIDQ BRA \RJIHKLYRZ QSUIHAMROPAYHY
It is aso an absolute way of comparing different softwares, CCD, binning, etc...

7 KRHWHXOVUIDNVHRP HTXHARY/
$ UHWHPXYH/ FRHHQAZ W \KHUDMR VI @OREAVH VHHWHDWFOIR + HEHW O
$ re some other parameters significant (CCD uniformity ....) "
&D0RZ HIP SIRYHWHV\XDINRY"
: KDNKRX@ BHGRHRQWH \MBWARSHRQWH FOP HDRQWH\R \& DLH"
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D 150 HOR $VAREFP\ 8 QYHMWR 3DGRYD YIFRR2 \WHYDRUR 3DERD EDEHE SCDXRIW

Eg VRGP LFDC2 EVHYDRY R 303RD

F /5 QIMMR 6SCFHEHQRU7 HKQRRI\ DOG3OHMY ( [ SRDMRD %HIQ * HP D)

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

$' $6 \WHSVDIR' /5 $UMRG 6XUOH LV WH MIQVSIRIUP CPRY WH ' HEDURHOAMR $WRRP\ DQG $\WRERPLFDD
2 BHYDRY R 3DARDDBWH' /5 %00 GHEFDM\R\WHVDUK R DWMRG/ 7KHO LCRU3 QHAR HIMUKDY DAEXMG\R
$' $6WHWOM FRH  2QWH: HE $' $6 IVGARUEGIQ KWE  SDGHBGDIR IVBDGHN DAY

7 KH SURAWRALY FDUHG RAWMCAHWHHGR ' HRHPBHU ZIK\KH6 AP \WBVRSHDMSMDIR &P D ( NDUHTXASSHS Z I\
WH6&$0 HPHDR' /5 IQ7IPH' HD ,QMWNIRQPRH LQD WIS IURP -5° to +15° around the celestial equator. 7KH
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.

7KY SODSHJSIHHVWKH P DLQ UIRAXOV RBBICHG WO0 DURK Z KHQWWHWDVARSH KDY BHHQ FRVHG I RUD ARP SPIMRYHKDXO
$' $6 ZIWHHXP HSUHXP CEO DAWHHEGR - X(H

» QARGXARQ

7KHSURMAAMRDEBD&E,  FOP HD\R\KH6 FP 6FKP LGAMBVRSHDARLP D( NOU ) L) LVDNEQAFRIDER DARQEHE HHD

WH' HEDWW HOWR $ VARGRP\ DG \WHS WRGRP LFDCR EVHYDARY R 3DGRYDRQRHMCGH DG’ / 5 YHDQROWHRAH 7KH

P DQ\AHWVLE GUYHIVWHGWRYHY DQGIRTIZ XSR P RIQ) REVAV DIMRGY 1 (2V 1($V712V. %RV HN +HFHWH
@PH$' $6 $MDIR' / 5 $WMRGEXUH JLYHQVRWHSURWAN7 KHO LGRUSOICHAR HOMKDVDMIEXMG\RS ' $ 6 WHKUYH
FRH  $QXSDAGYHZ R $' $6 FOQEHIRQGROWH: HEVIW KWB  SOQHASG DWAR IMSOIHN DDV

2 \WHVAHQVIF SURIUEP V Z IQ@EH SRME®! QR I LGMULY DAP RP HABIRIGHG BXVD | LGMJZ KHHOGYIFH LV DYDMDE®! DQG W LOEH
P RXQMSLOWHQHIUI XM

' /5 KOVSIRMGGWHE&$0  FIPHD Z KIFK FOQEHRHDMGERKIQ7IPH' HD |, QMIUDNRQP REHDGIQQRP DCP RH  \KH
\R\X DM |RULP DJH CFTXMWRQ DQG TXEN GRN $\MEK  DOG IRUDXURP HY  DQG DARP DIF GHARNRQ R P RYIQ) RBWAV B
FRP SO WP HY 50N \FH) L
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)+ 7KWHLIP DIH/IRMHGIMAWNRQR DQDIMRG

3KRAP HU DQG FHOARGQ) R DIDWILY RQ WH I WP H LY CFFRP SDKHG B\ X\MQ) 6H WIRRU D SXEIF GRP DQ\R B DH STANDIH
GHHBSHGR ( YHWDDG6 $ URW >@

7KHWLEN | RQAluminated CCD is a grade A 2048x2048 LORAL chip with a pixd size of 15x15 pm (1°.437x1°.437 on the
W DIGRHYDRDOWDR [ DFPIQ Vrad Q7' , WHHIHARMHH SRXHWP HIRVHIFK WUV R V DAIKH
HDORU 7KHAPHD LV HIXASSHS Z W D 9 LRV SUHRMRQ MOMR \KH VKRIMXAH SRMXUH WP H BHQJ \H- BHDXOH \WH
AP HMJR WHVKAWULVR PP DMVKWWIQHND LV IQRGHG 7KHAKLS IV WHWHDMS B D\ R WIIH FRRIQ) G-MEFH
Z KHIH\WH SUP DY W H LV D 3HWHJARROU DG WH VHREW RHAFRQUMMWVR D FRHG AURXAWITXG UH WHDRY 7 KH DFRKIHYHS
&&' RSHDIRPOM SHDMHLY+63 C. A FRP SPIMADOIRMY] DNRQR WH RKLS DG WHPRAURQEFYZ D/ SHIRP HG KONV R \KH
NQGKH3I R &DEQD$ WRK X2 BHYDRY & OXE-HADD VH)D >@
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)L+ 7KHTXBQum efficiency of the Loral chip. The continuous curve is the 2opacity® of the BK7 dewar window (Claudi et
B8]

7KHW VP FRIGHG XVH XOBMGAH' HAHP BHU 7L @KHP IGEBIR ) HEUOW \KH | FFDOSOCH Z DV | RTHG\R WH
&& FPHDYIDD KW X@HWM] HG |@AP HECP LWRUNQED SUIRMGGE 2 [ILIACH* DIBR ) WHIH WHP LWRULVD\SQRI

R WH YHY \XFFHM XOSURRINSH EXOVRUWKH + DEBY 0 XQWFRBXU&DP HDRQERIG* ,2 772 QRZ SURGAHG LQ @UH TXOQMY/
| RUVHYHIDOGRQ DIRRP LFDOCSSIFDIRY $ QHZ [ @WP LWRJLQ JDW Z W @UIHJGAP HMRYY 1Q REH\R FRIBRADDWH QKW
BP DUGH FHBONSINTODODV \FH) L) ZD/SIROEGE 2WAD=(1 9HHID IZ DVIQXSIBE DAKHWBVARSHWH

R ) HEODY

YL +0 V XQLOMBG

6HYHIDRRYIRUS ' $ 6 KDYHEHHQDESWG! URP DYDLOEGBI\R \& DHSCANDIHY 7 KHDXWRP HMF UMGOY DUHHYDODAMGE D
FRP SDUMRQZ LK \WH DXAMR.GY SRIMRY 0 3& | RIP DVLQWHDIMRG VHUYHUGYHBSHGE - 6NYDUF \WURKIK \KHZ HE LQAMIDFH
KWB  DWRDIRXQ M. DAMRGV UGV KW O
7 KVAHYFHXAARYHDOSURIUP VOQGLQ RIP DMRQVRXUAH/GYHBS-GE. Gl HHYBHRS®! 7 KHDXMRGA@EEDHLYP OQEQHS
DY RZHO? EVHYDRU) B ( %RZ HD3URSDIDIRQR DAMRGSRIMRY/LVGRHE! DSIRIUP FOXBG2 LEI IWSDWWR D1 ( 2
LQRP DIRQWROL ( 2 \ 6 GIYHBSHGE \WH2 LEH IWFRQROAKP | GINLFDINRQR \WHDIMRG/LVP DEHXMQ) WHO 3& \RRO

0 3&KHNHU KW8 ADSV KDUYDUGHEX aFIL&KHANGL "V P

7 KHDIMRGSROMRY/DHHHIHGW\WHE 612 68  DIG\WRWH* 6&  $ WURP HMF & DINBRIXHY

+7KH) LUNMBKDH ' HF + )HE QRP DOP DILQ) P RAH

7KHIIWWEKDHR RAUZ RN XMCQJ WHP HECP LWRJ OXMGIURP ' H- \KURAJK) HE $ GKRXIK WWHRSWAD
TXODW KDG CRAHIAKHG LW RSP BOYDOH WHAP MY P DIQWGEHZ DvDOHIG K HAH® [ DOAMRILYHKRSHRKDYHD
AP SHMRYHW VAP ) RULQWIECAH \WH I DOMXNREVHYHS RERAWH YHY LA KWZ DY .1 9-3/ \WHHIVR



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

* 7TKHEHRQG3KDHMQH ) HE WO 0 DK 7, PRH

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\KDAMKH 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 D H X0 AR BH P DQBCHS JIRRGRP  LQWH LOMYBOR GFODARY 5 ,+10 ), on higher declination the curvatutHR
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

YUYH R DAMIRGYDIRXQGWHP HIADD LQSDWRX@UDURXQG Saturn' s Lagrangian points and near the opposition

XUH R DAMRG/DNP DDRDUHBRQIDIRY/
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YL +$UDR W FRHIGLO7' , PREH WHILHB/REHYHE DAVP DDRDUHRQI DAR)DH UG FRBUHG Z KIBIWKHI LHB/
REVHLYHG DURXQGWHP HIGDQDUHIUHHD
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&RP DU \WH SRR Z W WRH JIYHD B WH 0 3& 1RJWH QP BHHG DIMRG/ 1Q FRPPRQ \WH HIRY Z LOiOFRP SUM

\WHH RUH DIDVRUAHY R LOMEDO LFOQQ) 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

TOEG!  + 7 KHDXURP HUE TXOIWY | RUQKP BEHIHG DAMIR G/ REVHYHG DURXQGWHP HIG DD
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Y = 7KHGMNEXAWRQR \WHDXRP HUF WMGOYR QXP BHHGDIMRG/REVHYHGE $' $ 6 DIRXQGWHP HIADD

YU \KRZVAKHP DIQUCHEWMEXNROR DUDAMRG/GAMAMNG\MOGRZ
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SRIR) BBHHOMSERKNIQ DGLQ ' 7KH(DWKLVIQ — WHEXQLQ  7KHPAYH/OHVEDDMGE P DIQWEY
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YU 2 7KHP DIQWCHAWIBMROR DUDMMRG/GHARAGE $' $6 DAVP DDRDUHRQIDIRY

7KHEWLQOFFXUIR OGP DIQWCHLYSTMQD HAGHW

) XUMHUGHYHBSP HOV
6HYH.ICLP SURYHP HQVZ L@EH FOUIHG RANQ\WHFHOADCEDWR

DI LOMUZ KHHY, WK VHYH.DCEURDG EDQG | LOMY LV XQG-UFRQIKAIRD
| XQDARP DIY DARQR \WH\WPVRSHDQGGRP H 1 HZ P RRLYDQGFIEDY Z L@EHIQNUEBG
DQZ FRWRORRP DAHIURXQG | GRU FOSCEGI\R KRWHYHIDCSHIRY/

, WWH SHRRMGWR UAXP H\WWHREVHYDIRQVLQ- XCH

$ ANGRZ BGIHP HONV

7 KDQW DUH GAH R \WH WRKQFDOWEH R \WH3DERD+ $ MDIR 2 EVHLYDRLY | RUWHH FHIBOAZ RN RQ\WH\WBVARSH DQG GRP H DG
R \WH &DBQD $\WRSK MFD0 2 EHYDRY |RU WH NQG KH3LQ) AOIRMY Q) \WH &&'  DQG DWRADMG HPRURQEY 7KH

GHYHBSP HOWR \KHFRQUROWR \& DUHI RUMKH | LORUZ KHHOLY DOR XQGHUSUHEDUDNRQ DA DD
0 U6 ' DIBI$ YHNQEY KHSHGZ L\ \WHREVHYDARY/
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0 LFKCHDS GUDQ2 BEHYDALY ) LFKWMDAH

7TUBU* HPDQ HPOOPNH®Z# JP[ GH

. XSHU%-02 BMRW . %2V DIHR \SHADOQMHAVRIRUXQGHIEGEQ) R \WHVRDUM WP DQGKLYIRIPDIRY : HARQRW
NJZ PDQ R \WHHREWANQRUGRZ HNGRZ YHY PXFK DERVWKHP \WHHRIHD. %2 10B\ R WH3 OMR( [ SIHMVSDRHP LWRQ
LV SDQQHL VMIEBI FDQAM/FRXGEHIRXG  7KHREVHUDIROR WWIDURFRXGBMRVE . %2 VRXGSIRIGHXVZ LW
YDOTE®! SK\ MFDOEE ONH\WHUGDP HAMJ & DQAGDM/R \IKFK HHQWDHSUHHOMG

» QAURGXPRQ

, QRUPUHN HHDOXQGHMIEQ) R WHVRDUM kP
\WHUIIRQEN RG1 FBMHY SROXM@MMGZ e . XSHU
HUR BWFW . 92V ZIWWGDPHAMS | NP -HZ W
/ XX 7UNMTIR 7 KV UHILRQZ DVI LIWBRIMDMGE
(GHZRWDEG. XSHUIQ OB USRI ,Q
\KHI LWV 92 4% ZD/QVFRHIG -HZ W
DQG/ XX $ VBUAHQARQD DI IIAMRIDOSOVR \KHH

KBOs and of other 2unusual® objects like Centaurs are

NFRZQ

: WMH A-BIROR &KILRD 30U DQG&KIIROQR RAFXGIRY
B\ . 92 VRU&HIIXYKDVHYHEBHQREBHYHG 3K FID
W LQSOMFXOUWHGACP HAU FOQRID HAWP DMGE

| RUP XOVZ KHHWWHJIHRP HMF DEHRKDAREHDXXP HG 1Q
JHHDO  RUZ DVSIRMGGIQEBHIE00 B FRPEQQY)
\KHUP DODQG YWKOCP HDAUHP HOV 96AMEHFDAHZ HGHID
ZLNIDONEMAW P a \KVLYDG!  LEXOVBN DG
L) WMBVARSHVDHQHHGS 2 QD |RUDIHZ. REVRVAONH\WH
&HEXU &KOUNRDQGWH. 92 9 XD
QAU HDKUP HOVR \KHDEHRZ HHSHIRP HG 7KH
RAVHYDIRQ/R WEURFFXQIMRQV/E, \KFK REVANV FRXGB JLYH
XV YDOTEBILQ RUP DARQCERMVKHUGLLP HMJ Z W KLIKHW
AR \WKDSH DEHER FOQMP SO EHFDBX@AGL \WH
Q0P HAMLVNIRZ Q DQGSHKCEVWHSHHIHR

FRP SDQ QY P RRQVRUHYHQDQD RSKHH $ VNGRZ Q \WH
SHHDR REHHR 300RZ DVGVFRHIMGGUQ) 0D
RPXGIANRD

5 HXOVDQG AVRXWRY

7 KHDAKRMVHOUKHG | RURFEXGIMRY/E . %2 VDQGRMHU
XQUXOOREVAN QNH& HOEXLY/ | RARH\ HDLY

7 KRHSUHARIR)/Z HHFDWHG RV DQRZ QSIRILIP

Z KIFK VDR XVHG | RAKHDQQMCOSHARNROR  RFFXQIARY/
B\ PLQRUSDCHV G\MWEXAGE ,27$ (6 , QDI
DOREMAVZ HHVHBRAG P WHOWR 71 2 VDG

&HEXY SEDKHGROWHZ HESDIHR WHO LGRUB@IHV
&HOMJ 0 3& | RUZ KLFK DABDWV RSSRIMRQV/Z HH
RAHYHG ) RAWHHFDQEM/ | XTEHWMES 0 Y
DESCUHQWEKHP HIVZ HIHFRP SXMG 7 KHQDVHIUK | RU
RPQERY/R 7\ ARFADBR) WILYZ D/SHIRP HGE D
HFRGSIRIUP ' XUQ) \KYFOBXOARY DQHXP DMR \WH
AIPHM DAXPLQ) DQDEHRR  DFFRAQ \R\WH
IRP XDILYHOE 7 UNMIRHATO Z DVXHGIROWH
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HYHOVI RXQGE, WHSIRIUP \WRHZ HIHVHDRMGIRU

Z KIFK WHRBVHYDIRQ FROGURYZ L@EHUWDRIE®! LH

P DJQWCEHGRS DABDXV P D) DQGHRIDNRDI URP \KH
6XQ! G 7KHUAXWZ LOEHSEDKHGROWHZ HE

. H@Z DGIQWHSIRAHAQIVR WLYVP HHIY

&RFOMRY

7KHREHYDIRQR RFPXABMRYVR . 92 VE&HIMXY ARG
SIRMIGHXVZ 1\ LP SRUBQACI RIP DIRQCERAVWHUP DQ
SK\ MFDCSOUP HMY 3RWEBIFDQEM/Z HHSUAHAG ,W
\KRX@ EHP HOMRGHG \WDAKHLFRUR R \WHSUHERNRY

Z IQFHDHWIQILFD® LI WP LOMW RUBHMUDWY
@V DXRP HY R KUK CFRXUIR Z LOEHDYDLMEGIR \KH
FOBXORY 2 Q\WHRKHUKDQG \WHZ LGN R \WHIURXQG
WEIRNLVH SHAMG\RKDYHDZ IGKR \VHYHIDOKXQBHGNP \R
KRSH XQ@ DQRFPGBNRQE\ D. %2 FRXGEHWP HELQWH

GHDUIAMUH
5 HHHRHY/

W/ XK- 7TOMIRE $-

-HZIWY / XX- 1 DMMH

7UMIRE / XX- YRK$ 6 (ARV/ $-

0 3&
. @z KAV ZZZ PLORSDHVRI
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Gérard FAURE
JSP DX FOE LQMIHNU

0 LRUIBOH/BHANROR \KH$ WRADIRD?2 | / XDUDQG3MHBY 2 EHYHY
KWB 777 (S00U] RIDHX alK@OSR P LCSOOKW O

AUDE (Association des Utilisateurs de Détecteurs Electroniques )
KN 7277 FFAXGIFRP

0 DQ RBQP EHHEDXMRG/ YD REVHYHELQWHVRYHNAY DQG HI KWANKRZ H3 GVAUHSDAHY EHE HHQ SIHARMG DQG

REVHYHSP DIQWGEHY Z KIFK Z HHEHDQRAO® QRMGLQD USRINQWHO LCRU3 BHAXEINGUQ) PDQ \ HOLY

| IZWHIH* $55( 77 RHR \WHRRGMEYR \WHO LGRU3 OQH/BHANROR \WH$/ 32 $WRADIRQR / XUDQG3 MQHV

2BHYHY 1Q8 63 SIRSRHGLQ DQDBWARIUP ZKKZRXGIQRP RBEVHYHYR DAMRG/R \X\GHRMSHIRJ

IPPHADMY WDKHWHMWEBEDKQ) IHKWDRDD \WDQWR\WHQEZ XVHR , QMOHWV

,QWLVZD PRHREVHYDINRY/Z RXGEHRABL(HG DABZ LQJ R BRMUJUH LCH\WWH\X\SHRAMG HURY FEVHOYHG

7KHO $3 ZDVFUDAGE LQOM

$VPHBHR WHO LRU3 OQH/SHRANRQDQGP HP BHUR WH) IHIFK(HEZRINS$S ' ( $WRADINRQGH/8 WDMeur s de Détecteurs

( GRRQATXHY LGHXW GRURQF' HARRLYS VAUV WRADIRY |, MGHGWHO $3 DAWHHIGR VR FRQUEXWM\R LW

GHYHBSP QDGR D) $8' ( PHDWUHAR/ DZ IHPH* $55( 77

7RIRKHJ / DZ IHFHDQGP\ VHD\KDIHIG-DVRQIP SLIRMQ) SXETFDINRY DQGSURP RIRQR WHO $3

;KB IZ IHFHMXHO $3 DOUWDGUMHZV |, KDQBHWHEOW UHHYHGIURP HOFK REVHYHULQWHO $3 ' DREDHD(G

IXUQMK HOFK P RQK\KHO $3 2 EHYDIRQ3 LRIUDP

7KHREMRRYHR \WWHO $3 0 DIQWAHS GLYB URMRVLY R SXUKHWHVHDURK DOGWHIRT®Z XS R DAWMRG/Z W P DIQWAH

AVRHDER  7KHIRDAOV\R P SIRHWHU+ CEVROMWMP DIQWGEH Z W DQDARADRA R CERVDWRKN R P RIQWEH

% WHRBBIQQ) R YWXDORU&SE' P DIQUMGHP HDUWXUHY/ \KHQE\ \KHUJGEDCDDOMYIRUHDAK DWMRG W

SRMEGIWR UIMAHWH+ P DIQWEHZ KIFK Z L@BH P IWVWKH | X H FDBXOWRQVR P RIHOARADMESKHP HIGH9 P DIQWAE

" HAW\KHAL LEXGWW/\R FBEBLIQ DUM RGP DIQWAEP HDMH/ (REED B WHORNR YHY DFRXADMWRURDE®RIXH/ KLY

$P DIMKU3 LRVIPVBHLP IMKG XS \R GRZ \R ILQG P RIHWDQ\® R KXQGBHG DWMRG/Z W HIRYR P DIQWXGHDSSDUH® JUDRUWKDQ
P DIQUYGH

7KHO $3 LVDQRSSRUMQU\R\WH YNXDODQG&&'  DP DU EVHIYHYW R GR DQXVHXCZ RINZ WK MP SBIP HDQ/

7Z RDUINFOVDDHG KDHEHHDSEDKHGIQWHO LQRUBOHXWDLY DG 7KH FRFHOG  DXWWRO/

REVHYHGDWBDWEA \WUHHREVHOHY RWRGAUQ) \WR RUP RHRSSRUMRY/ Z W MP LOUIHKXWVIRJHOK R \KHP

$ UMMRQR \WH+ DEVROMMO DIQUMGHDORZ DVSUIRSRHG

7 KHRLIIQVR WHSLRMRW

0 DQ RBQ® EHHGDIMRG/ YK REVAYHGLOWHVHYHNAY DG HIKWNA/AKRZ HG QVAUHSDGRHYEHE HQ SUHARMG DQG
RAHYHGP DIQWMGH/ Z KIFK Z HHDQQOD CRMGLOWHUESRWIURP ) UHGHIFN 3LBKHUIQWHO LCRUB@HA/XEUD GAUCY
POQ \ HY

6RP HR WHHQ\ABEOGAH/Z HHLP SRUBQV XS\ P DIQWGH

7KHP RN QI LFDQAURYZ HHUERWGLIQDIEBIR \WHSDS-U DQGPRH 1Q 7KHO LQRUIBOHIXDUD R 2 AREH
" HHPBU

6RP HR WHHLP SRMIQWIRYR + P DJQWEHZ HHFRWAAGE \WHO LQRUS@QHA HOMUEH RUA
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| ZHFH* $55( 77 RHR WHERRAQAYR WHO IGRIBOHBHAIROR WHS/ 32 $ WRADIRQR / XTUDG3 @V
2BHYHY 1086$ SRSRHGL)  DQOBWBRILP ZKIFKZ RAGBLQRP RAHYHYR DIMRG/R \KS-RAGHIRU

PP HIDMD IDKHMHMWEEDKIQ) UAXVDROD WON\RGHE XHR |, QMGHV



,QWVZD P RIHREVHYDIRQ/Z RX@GEHRRE(HG DIBZ 1Q) \R BHRUUH LCHWH\XSHRMG HUIRY REVHYHG B \WWHS$ / 32
REVHYHY

7 KHP 05 EIUK

7KHO $3 ZD/FUDMGE / 7 UHFH* DUHMOQ MM

,WDR$ P DMXU3URVRWZ KLFK Z RX@ SHIP LWWR GR 0Q$ WIRRP LFDOZ. RINHYHQZ W MP SBIP HXQ/

$ VO HPBHUR \WHO LCRUIB@H/SHANRQand Member of the French network AUDE ( Association des Utilisateursde D tecteurs
( GRRQDAHY LlGHW( GRURQF' HMARY8 VHIVS WRADIR) |, NRLCHSWHO $ 3 DAWRHHIGR \R FRQUEEXAMVR LW
GHVHBSP HWDGWUHD $8' ( PHDXUWWR/ 2 UHFH* $55( 77

7KHREVRYHR \WHO $3 0 DIQWGEH$ GLYB IRVMPWVIMRVHDUK DGWQRWHIR®Z XSR DXMRG/Z W P DIQWEH

QVFUSOER
7 KHIFDOVR P SIRHWHU+ CEVROMMP DIQWMGH Z LW DQCFRXUR. R CERAVD\WON R P DIQWMGH

7 KHP DIQWYGHDBUASLRMAARQ P D
7KHO $3 LVP DIJHGNMIQ® B\ WH$/ 32 DGR $8' (

7RIHMU / OZ UHFHDQGP \ \HD \KDHIGHDVROQLP SIRMQ) SXETFDIRY DQGSURP RIRQR \WHO $3
© KB [ HAHIKA/0 $ 3 DBIWOGGUAYLY V , KOQBBIWH@BUHFHYHGI P HIFK RBHYHUIQWHO $3 ' DEEDHD®G

I XUQMK HIFK P RQIKHO $ 3 2 EVHYDINRQ3URIUP

7KHP D5 P HP EHWV

70EG  GQVWUBEAWNRQR WH  POSPHPEHY

1$7,21%/,7<| 0(0%5 7<3(6 2%6(59(5 7<3(6 9,688/ 2%6(59(56 &&' 86(56
$ PHIFDQY/ 2 BHYHY YNXO2 BEVHYHY $ PHIFXYY/ ) HKP HQ
) HFKP HQ 5 HIAHY &&' 2 BHYHY ) UHRP DD $ PHIFQY/
6Z \MH/ $ XVADID0 6Z I\WH
, MR/ SR HMRIY R a8y
% $ P DMLY &DPAm
$ XMADIDD YAIMYK
&DPAm , @AY
94K
6 0Q\K * URKSV
+ 1K
&I HK
7KH PRHOAAWH2 EVHIYHY RO0 D 7KHO RWADRAYHYNXDR EVHUYH WV DOG WHUVREICR DM RGV\HD
Ren ROY &&' PHOXWV 2 BWHYHJ 7RND ' DM
G rard FAURE 415 visua measures Roger HARVEY 4037 02/0
%IDY: $51(5 ! &&' PHOXWBV QIKWXYHY/ ) HHIANS,/ &+ (5
Andrew SALTHOUSE 296 visual measures G rard FAURE 1586 02/05/15
S5RIHA+$59( < YI\XOCP DKUY/ $ Q3B 6%/ 7+286(
%uH+8' * (16
TRP [ $6. 2: 6.,

[ X WHFRH* $55( 77



0 DS VLIHN WHDWM.RGVZ IW GMVAUHSDCHHVR P DIQAWMGH

0$,17$5* (76 1XPEHHGS UMRG/DGRID 8 QP EHIGS WMRG/R SOMEX@U) [P LQH/

0$32%(&76 $UWMRO/ZINQFWSDHH/R 0 DIQWEHDGGEP RHEHE HQ3WARAMGOUG2 BHYHG P QWG

727$/ 0 ($685(621 0 $< 0 HDXKUWY/
727$/ 2%(&76,1&/ 8" (' ,1 7+( 0$3 $ WMROY/
7KH 0 $3 $ WMRGVZ IW \WHIUDMIP DIQVWCHA\RUHSDCAHY
0 ICRIBOHV 0D ' DVUEDR 1XPEUR PHDXBY 1 XPEHUR 2 BHYHY
6ONXQUD ) P HDXUY 2 BHYHY
+1LRH %" P HDXUY 2 BHYHY
0 F&OHH 0 DWRRWHJ ) P HDXUY 2 BHYHY
. QHWW ) P HDXUY 2 BHYHY
7RAOQMHY -+ XQIOUD ) P HDXUY 2 BHYHY
$\WHH )" P HDXUY 2 BHYHY
-RIWY % P HDXUY 2 BHYHY
)9 )" P HDXUA 2 BHYHY
10R JUHD +XQDUD )" P HDXUA 2 BHYHY
2$ $SRM %" P HDXUY 2 BHYHU
$ SKURAW ) P HDXUY 2 BHYHY
30QRQAD )" P HDXUA 2 BHYHY
%R BWKMRUDQMMIQSHIRMS " 3XWRODWMRG/REHYHG GWAKDQWUHWP H/DQGE. WUHRBHYHY

1% \WHKUIKHIRUR PDJ + IRU 3DERADKDVEHARQ WP HGB WUHS XWADID2 BEVHYHY LOWHDWD 3% $ SUO

0 RWMR \WHO $ 3 VSHRWVKDVMQ) BHDIRGE \WHYNWXD2 BVHYHY \WHO $ 3 2 BYFWDUHP DQD P LRUSOIHVBWKWMWDD

9  7KHD PRWR WHO $ 3 REVIFVOUHLOWHWOI LLIXWRADE/ QP EHHG DAMRG/

73% ( ' 675, 987,21 2) 7+( ),56703$32%(&7621 0$5&+
" MMEXWROE\ 1 XP EHU ' MWE E\ 0D RIWHDYHDIHGII RIPDJ 9 ' MAMEXWRO E\ $ EVRO\WM
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R o 7RO o 7RWEO 0DJ + 7RIO
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W
W
W
W
W
W
W
W
W
W
W
W
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W W
W
W
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W
R SQCEHIO
8 QQXP EHIHG
I ] |
5 H° DIWRQ7 CE®!
2 Q0 DK R 0 $3 RAMRVKOGDNIRZ QQIKWXYH R \WHO $3 2 BWRW

© MW DQDHIJHYDUHOWR P DJQWGHI RAMHDIMR G/ \WHAVRHEDHH GHRWH YDUCHOW P D R\MYFRGFHOQWH +
PDQWAVIRUIERW PDQWH KDD [P SDXHR \WHYDUCHON  WOROWWHEZ HIO $3 @P WA PDJ




7 KHWRYR WHP 05

7+(0$3%/(576

7KHPHADIHY 0 $3 $ GIW DHWNR SO 7 UHRH* DUHMR\KHO $3 0 HP BEHYDQGKDYHEHHQSXAWRQWH:  HEVWAMR \KH
$/ 32 0 LRIBOHNGHARQ DAKH D3 MW KWB ZZZ GO0 RDHX alKl@OSZR P LGEDRKR O

,QIHHP FADIHY / [Z IHFHDQIRX P WHAVRHY R GZ QVFHEDAH/R DAMRGP DIQWEH \WHQHEZ 0 HP BHYDQG
YOURXYVRKHIQE V

7+(0$32%(59%$7,21 352*5%0

Made each month by G rard Faure, it contains al the MAP Numbered Asteroids which are :
2 BHYCEGIGAUQ) \WHCRXDOX(@DARY
" IMEQNVURP PRHWDD KRXAYR 5 LIKVES VAHMRQIURP \KH6XQ
%A LI KWNKORWHSUHARNG P DIQWGH9

7KH DHFDMIHGE 5LIKVS \AHQIRQIRMH' DMR WH1 HZ 0 RRQ
7 KHUHDOR DUH BWKW\BEDG  DXMIRGYZ W YHY \P DIDDI KWIOUCELMW Z KUK SHKDSVZ LOSHIP WR | LG WIELG
QVAU-SDHHY/BAE HOWHYDURVWSH/R P HDXUWARDAMGE \WHO $ 3

7$% ( $%675$&72) 7+( 0$32%5(59%$7,21 352*5%0

NUM, * NAME H G FAMILY P #H MPB I?ER.Hrs VAR. QUA.  Origin IM;I-IPC Mopp 01 Vep [V.NL RA+DEC 25.5/01 E_EEI

1731 Smuts 10.0 0.15 M F/0.27 69,7 - - 16,1 4 h17 +i6 14’ Tau
31 Euphrosyne 6.74 0.15 S 5531 0.09-0.13 4 EMP2000 40 - - 11,9 4h21 +44 04' Per
862 Franzia 106 0.15 M B/0.97 >24 >0.15 WARNER 25,7 - - 16,0 4h22 +28 1% Tau
840 Zenobia 93 015 M F/0.47 1606 - - 157 4h29 42312 Tau

1384 Kniertje 97 015 M FHi2 04/99 18,7 - - 145 4h38 +1242' Tau
324 Bamberga 6.82 0.09 8 29.43 0.07 3 EMP 2000 50,2 - - 11,8 4h49 +30 29 Aur

3731 Hancock 103 0.5 M Fro.5? - 3124 - - 16,2 4h59 +19 11" Tau

2204  Lyyhi 127 0.15 MARS-CR. P 8. 05 2 EMP2000 125 - - 163 5h 1 +709 On
100 Hekate 767 045 S 13.333 0.1 3 EMP2000 1281 - -141 5h 6 +1924 Tau

1166 Sakuntala 88 015 M F1A1 1541 - - 147 5h14 +2004 Tau
491 Carina a3 015 S 14.87 0.12 3 EMP2001 415 - - 143 5h29 +519 O

1243 Pameia 968 0.15 M B/0.37 26.017 0.49 2 EMP 2001 1538 - =157 5h40 #1513 O
33 Polyhymnia 855 033 S 18.601 0.14 3 EMP2000 820 - - 142 S5h44 42515 Tau

6249 Jennifer 124 015 MARS-CR. M F/0.3 04/99 1002 -165 6h 3 -820 Mon
737 Arequipa 8.81 015 S 14.13 0.15 3 EMP 2000 1421 - - 146 6 h19 +10 57" Orn
128 Nemesn 749 0.15 S 39. 0.10 3 EMP2000 864 1 12 109 128 6h34 +27 50° Gem
57 Mnemoayne 7.03 0.15 s 12.463 0.12 3 EMP 2000 57,0 1 31 113 126 6h42 +632° Mon
982 Frankiina 99 015 M B/O4 04199 1898 1 8.7 153 164 6 h50 +23 36 Gem

1122 Neith 111 015 M F/0.57 65,1 1 34 136 159 6h52 +27 45 Gem

4440 Tchantches 123 015 HUNGARIA M FN1.0? 3598 1 132 138 155 7h10 +221' CMi
85 Jo 7.61 0.15 S 6.875 0.15 4 EMP 2000 1559 1149 121 132 7h19 +823% CM

1658 Suomi 124 0.15 MARSCR, M F/02? 242 0.09-0.11 2 EMP2000 363 1 7.8 144 152 T7h27 +234 CMi
779 Nina 83 015 P 11.186 0.25 3 EMP2000 1558 1 249 128 138 7h56 +1118 Cnc
91 Aegina 884 015 S 6.025 0.15 3 EMP2000 482 1229 116 132 7h57 +2253 Gem
552 Sigelinde 94 015 M 00 2464 1242 141 151 Th58 +13 40 Cnc

1423  Jose 105 0.15 M FI0.17 1116 1258 145 137 8h 5 #2353 Cne

1385 Henyey 11.7 015 M Fi04 2848 1 274 148 156 8h 7 +13 34" Cnc

1178 kmela 11.81 015 M B/04 O0O4/99 1917 0.34 2 EMP 2000 3460 1258 1468 157 3h12 +1543 Cnc

1489 Atila 1.1 015 M ? 3348 1286 151 161 8h19 +18 46" Cnc

4181 K 120 015 M F/0.57 129 1273 149 160 3h20 +17 13 Cnc
378 Hoimia 980 015 S 4.450 0.13 3 EMP2000 100,7 1 204 138 148 B8h20 +10 14 Cnc

11548  Jerrylewis 131 015 M Fi0.57 183 2 34 150 160 3h27 -928 Hya

19164 1991 AN 135 0.15% HUNGARIA M F/0.57 412 18,1 8h39 +17 49" Cnc

5749 1991 FV 107 015 M FNn.3 2051 2 44 154 16,1 Bh44 +707 Cnc

4000 Deipyls 89 0.15 TROYEN-E M B/0.47 200 2 23 152 158 8h45 +900 Cnc

1403  Idelsonia 106 0.15 M FI0.57 1376 2 48 153162 B8hd45 +14 54 Cne

4483 Pelofi 11.8 0.15 HUNGARIA M F/1.0 4.28 0.98 3 EMP2000 1419 2 57 147 151 8hS50 -337 Hya
847 Agnia 10.29 0.15 M B/0.27 1016 2 88 142 151 9h 3 #1350 Cnc

1067  Lunaria 10.99 0.15 M B/0.3 7.74 0.13 2 EMP2000 893 2 114 150 159 9h12 +551" Hya

4628 Laplace 11.0 0.15 M Fl0.2 9.011 0.48 3 EMP2000 04 2173 142 148 Oh36 -406 Hys

4083 Euforbo 86 015 TROYEN-E M F/03 65,1 2 165 153 158 9N 43 +27 171 Leo

6008 1990 FQ1 123 0.15 M F/0.3 04/99 2471 2 186 165 185 9 h43 -14 00 Hya

1130  Skuld 121 0.5 M B/0.1 1965 2 209 156 163 O h49 +10 17 Leo

20790 2000 SE45 16.6 0.15 AMOR-3 M BID8? 175 9 h53 -447 Sex

927 Ratisbona 954 0.15 M BYO4 2481 2219 129 144 9h56 <2409 leo

1887 Glarona 1025 015 M oo &y 073 3 EMP 2000 385 2 295 (46 154 9h 58 +15 45 Leo

' DRLGFOGGIQWHO RQMD 2 BHYDNRQO $ 3 3URIUP
7KVO $3 3URILIP KDVP DQ FROP Q/Z LW LOMIHXNY LQRFDNRQVRQHIK DIMRG

1XP 7KH$ WMRGQ®P B
1PHIRP 7KH@P HRUWHSRINRY GUMIMANROR WHDIMRG
+ 7KH+ P DIQWEHDRXOD X\HGE WHO 3&



* 7KH* \GSHSDUIP HMJ
)IPLO)PLE@® 7KHHYHIXDOLP IO R \WHDAMRG
3 7KHWBMR \WHDXMRGLOQWHO $ 3 3UIRIWP
0 03%$32BWW
3 3RMMNDD $3 DIMRGZ WD+ QVRWHEDR AVARMHHGEH RHWHO $ 3 DG\ HFNRNRBEVHYHS DIDQ
6 6\NIEGDIMRGZ W DQCH-XWDM+ P QIQWAEH DG D\WP DOYDUCHON P DIQWEH
A = Ast raude ( Asteroid discovered by the AUDE MeP BHY

+ $ YHDHQ\RUEDR R P JQUECHREVHYHGE! WHO $3 0 HPEHY %[ [ HY [[ [ [ PDY BWKAJRJIDQM
7KHP DJQWGEVIRTZ HGE D " GHIGHWHSURIWO $ 3 REVIRVZ W DQDHIJHAWAUHEDR QRAKUH
0 3% , QAFDARQR \WH\ HDUDGG \WHP RQN SXETFDNRQLOWHO LGRI3OCH/IAXTBUD

7 KHVHREVIRV DHQRABUR MW FBVAVI ROWHREBQQ) R QZ 0 $3 0 HDKUY/

SHIRG+WY  5RBARQSHIRGR \WHDMMRGLOKRAY

9 DUCE $ P SOXGHR QIKWOUCE@ONY

4 4 XODWR \WHQIKWXYHSOUP HMY 2 WILQ &$// DAG( 0 3

2 WIQ2 WIQ 0 0Q2 WIQVR \WH@DBQIKEXYH/
5 CRXO/HKUHDG:  HEVWM KB RE\Z Z Z XQIHRK aBHUHIG SIHBFRX KWW O
&$// : HEMIURP UDD: DWHJKWE ZZZ 0 [CRBMHE EHYHIFRP DA® GH DXOWW
+ DUV&DEER R 0 DK KWB ADZZZ KOYOUGHX IDX P SFKW O
FOXVUMEZ KWB  DXRKQVPFRUHTHEX , FOXV, FOXVKIF O
0 [CRUBOHBHANROR WH$ / 32 7KHO LQRUSMIHAXTDIND
3HMBWDYH HAZD KWB \XQNCDX FDVA aSSUDYH

7KHIRMBZ 1) ICHAOWFRGY 2 WIQ( 0 3 DUB&$/ /|  DHXHG

5 HKOVEDHGRQI UDIP QMY QKBXUWYHY P D EHARP SBIMD Z IRY

5 HKOEDHGROGW DRI XQFRHDIH \RWDMWHSHIRGP D EHZ IRY B SHHQWRU\R
$ ORXVHG\RLQAFDMADAVZ KHHDQDP ELIXWH MVDARWHQ® BHUR H WHP DEHE HO QIKRXAYH/
+ HFHWHUAXOWP D BHZ R B DD LOMHIDR

BHXUHUAKOZ LW GRIP ELIXW | XODIKRXYHFRYHDIH

, QDEAWRQR I XAQFRHDIH G{RMAKDAD SRBISRIMROLY BER WG

0 03& 03&0 HQDFPOD 0 R WHDIMRG |RAKH@DND 3&2 5 %I LIGZ QBOGG
2SS' DM 9 0 RQNR \WHHHOMOORSSRUNRQLOWH\ HIU 2 WIQ( 0 3

* D R WHHHQXDORSSRUMRQLOWH\ HU 2 WILQ( 0 3

9 P DJQWGHDMHRSSRIMRY 2 WILQ( 0 3

91/ 9 PDJQWCEHIRMHE R WH1 H 0 RRQ 2 WIQ* 8, (
5% +RAUR 5 LIKVE \AHMRQIRAMH@ R WH1 HZ 0 RRQDV + 87 2WIIOQ* 8, (
0 LOAM/R 5 LIKVE \FHURQIRMWHP RRQ@ DV + 87 2WIQ* 8,' (
‘(& " HIUHR ' HFRDMRQIRUWWHA R WH1 HZ 0 RRQDV + 87 2 WIQ* 8, (
0 LOAM/R " HRODMRQIRAWHA R WH1 HZ 0 RRQDV + 87 2 WIQ* 8, (
&16 &ROXMIDIRYZ KIFK FROBEQAKHDIMRGROWH@ 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 updated about 3 times by year and contains:

) RUHIFK DXMIR.G DIDKHP HDXUA/P DGHE \KHO $3 0 HP EHYDQG\RP HRGP HDKUVR \WHO 3%
) RUHOFK DWMRG WHHDUHDORWHRAKUR RBILEDCDFFRXQMR W+ PDIQUMGHAAMQAH  DQG\WHDYHIIHGAVFUSOERA R
P DIQUH
7KHGARUSIRQR DIKHP DIQWEHWSH/XHGE! WHO $3
$ 5HTBVMDIYH/ ,67 R 0 $3 DAMRO/Z W \KHUCRXDO P DJQAMGHQAUBEOR



70EG  EMNERAR \WWHP D5 ADNEDH

Year/Année M. Day/Jour N Mag: Obs. #Mu Pred. #0-P Uncert. Observer/Observateur Avr/night - Moy/nuit
1921 Jovita
!i 1998 - 10 - 03.10392 13,9 155 -16B Dennis CHESNEY -1,70
| 13

1998 - 10 - 03.13022 15,5 Dennis CHESNEY
1998 - 10 - 19.75139 15,8 Pierre ANTONINI
1998 - 10 - 19.77821 15,8 Pierre ANTONINI
1998 - 10 - 19.80288 15,8 Pierre ANTONINI
19988 - 10 - 19.83010 15,8 | Pierre ANTONINI
1998 - 10 - 24.01311 159 -15B Lawrence GARRETT
1998 - 10 - 24.12501 159 -1,5B Lawrence GARRETT
2000 - 12 - 27.01944 + AMv 1586 16,1 -05B Gérard FAURE -0,87
2000 - 12 - 27.04097 + AMv 153 16,1 -08B Gérard FAURE
2000 - 12 - 27.05486 + AMv 148 16,1 -13B Gérard FAURE
2001 - 02 - 19.87986 + UMu 16,1 16,8 -0,7B Jean-Gabriel BOSCH -1,35
2001 - 02 - 19.88854 + UMu 148 16,8 -20B Jean-Gabriel BOSCH
i H = 10.03 (EMP 1988 => 1991); H= 10.6 (EMP1992 => 2001) Difff H -1,35
‘ossible great variability
# Grande variabilité possible
£ 921 Jovita + H= 1086 EMP2001 9 <= Measures // Observers => 4 DiffH= 13 B?
s
Year/Année M. DayiJour N Mag: bs. #.Mu Pred. #0-P Uncert. Observer/Observateur Avr/night - Moy/nuit
1166 Sakuntala
1998 - 02 - 26.2326. + AMv 140 131 O09F Andrew SALTHOUSE 0,97
1998 - 02 - 26.2361. + AMv 14,1 13,1 10F Andrew SALTHOUSE
1998 - 02 - 26.2604. + AMv 141 13,1 10F Andrew SALTHOUSE
1998 - 02 - 26.95486 AMv 14,5 13,1 14 F Gérard FAURE 1,30
1998 - 02 - 26.99236 AMv 146 13,1 15F Gérard FAURE
1998 - 02 - 27.1528. + AMv 141 13,1 10F Andrew SALTHOUSE
1998 - 03 - 01.02415 AMv 142 13,1 11F Lawrence GARRETT 1,10
1998 - 03 - 06.1389. + AMv 14,0 131 09F Andrew SALTHOUSE 0,90
1998 - 05 - 18.88120 UMu 14,9 140 O09F René ROY 0,95
1998 - 05 - 18.90383 UMu 15,0 140 10F René ROY
1999 - 07 - 08.1493. + AMv 121 111 10F Andrew SALTHOUSE 1,00
1999 - 07 - 12.1528. AMv 12,5 11,0 15F Andrew SALTHOUSE 1,50
1999 - 07 - 15.1389. AMv 12,5 109 16F Andrew SALTHOUSE 1,60
2000 - 11 - 24.1667. + AMv 141 13,2 09F Andrew SALTHOUSE 0,80
2000 - 11 - 29.2049. + AMv 140 13,1 09F Andrew SALTHOUSE 0,90
2000 - 12 - 03.1840. + AMv 14,0 130 10F Andrew SALTHOUSE 1,00
=11.5 (EMP 1988 => 1991); H= 11.3 (EMP 1992 => 1997); H = 8.8 (EMP 1998 => 2001) Difff H 1,10
166 Sakuntala + H= 8.8 EMP2001 16 <= Measures // Observers => 4 DiffH= 11 F
&ROMIAR \WWHO $3 ' DEEDH
, ' $7% R RBVHYHG0 $ 3 RAvRW
,, HSHTAWDMNH/ ,67 R 0 $3 DIMRG/Z W \KHUDRXOO P DIQWWCHAVRUHEDRA
, ' DBR RBEVHYHS0 $ 3 REVIRV
' DEEDHRROP Q/DIGLAARRY/
Year/Ann e = Year of the measure
0 0 RQKR \KHP HDXH
"D -RU ' D DGIURNRQR @ R \KHP HDKUAH
1 1H P HDXUHMHWHOWY DEEDHXS@M (RMGE D1 RUDO UL \WHP HDXUHZ D/P RALLHG
0D 0 $3 0 DJQWEHWH
$0Y 9 NXDCP DIQWAHZ W DAMRGHRP SDUNRDQ
*0Y  9L\XOP DIQWCHZ \W* 6& FRP SDIMRD >1 RAHGIRU+ BYMRQ@

80Y  9LXICPDJQWGHZLWS612 FRP SOIMRD

80U  S8QIOMM3&E PDIQWGEHZINS612 $ PDI5 FRPSOMRY > RIXKGIRM UMMRI@®
*0X  8QLMMEEE PDIQUMEHZIW* 68 FRP SOIMNRD 1 RWHGIRU+ UVMMRQ@®
JOX  SQLOMME&SE PDIQUGHZLK/21(26RJ $1' 2/ 7 FRP SOIDRY

30X  SQIOMM3&SE P DIQWEHZ W 3* 6& FRP SDIMRD

80X  SQIOMMG&S' PDIQUHZLNS612 $ PDJ9 FRPSOMRY

70 X 8 QIOMHG&E' PODQWAHZIW7<&+2 PQJ 9 ARP DINRQ

80%  &&' P DIQWGHZ LW YOHILGMIDOGS 612 FRP SDUMRD > RAVHGI R+ BYMRQ@
805 &&' PDIQWEHZ IWW5HGILGMIDQG8612 $  FRP SOUMRD 31 RAVHGIRU+ BYMRQ@
*05 &&' P DIQWGHZ W5 HGI LOMIDQG* 6& FRP STUMRQ 1 RAVHGI R+ BYIMRQ@

/09 && PDIQWEHZ WY ILOMIDQG/ 21 (26 RY $1' 2/ 7 FRP SOINRY
309 &8 PDIQWEHZ WY |LOMIDYG3* 6& FRP SDIMRD

709 &8 PDIQWEHZ WY ILOMIDIE7<&+2 AP SOBRD

809 && PDIQWEHZ WY ILGMIDQG8612 $ FRP SDUMRD

2BV 2 EHYHGP DIQWCEH



0X S\MMAGAVIHEIR R XQIOMHG&E' P HMXUHAY DG YIVXDOP HDKUHY/
VRPH80 UDJE80 5 P HOMXWYZ DMK\RDUMBLY FRP SDIMRQDHMIN-RLIQCHRQAZ W9 5
D" GMIQDM/DSRMEBIHIRHRXVP HDXH

305G 3UERAMEY 0 3& 0 DIQUMEH
23 " UIHHFHR P DIQUYCHEHE HHD2 BHYHG DG 3UHARMGP DIQWGHY
0 DIQWGHG! I HHFH
[0) [ [ PDIQWEHI DQMWDQSHARAG
[[%  [[ PDQWEHEWKMDQSHIRMS
8 FHW 0 DIQWGHS GFHABIQIVR \KHP HDXUH

2 BHYH22 BHYDMU 2 BHYHJILWNIP HDQGGQ@P H
$YUQIKWO R QW  DHIDHP DIQWEHAWUHDR | RUDMP HQIKWSXMQWHOHR \WHI LA FDKUHR \WWHQJIKW
9 DURXVIQBFDARY
U+ [[ ZMWD " 8 HIMQDMHIDIH+ P DIQWGEHZ KIFK UMY RKHUP HDXUHY/
H=%. (EMP 1988 =>4 . = History of the evolution of H magnitude since 1988
1RB7KH* 0 Y*0 X*05 80 U805 D580 %DH@RAVHEIRMHUWMMROR 0 $3 $ WWRG+ PDIQWGV
| LIKWXYHSDUIP HMY/
5 RBMRQSHIRGR \WHDAMRGLOKRAY 0 0Q2 WIQY : HAMWW/YHIHEG &$// : DUHIOEG,$8 &DM DUV
$ P SOXGHR QKWOUCHON 0 DQ2 WILQ/ : HAVMWVIYHKUIHEG &$// : DIHIDQG,$8 &DN DUV
KW REVZZZ XQIHFK aB-KHEG SDIHBARX KWW O
KW ZZZ 0 LGRBOHY BEHYHJARP DX@ GHDXORW
KWB HDZZZ KDYDGHXIDXP SFKR O

7+( 38% ,&$7,2162) 7+( 0$321 7+(0,1253/$1(79%8// (7.1

7Z ROMFOVODHG KDHEHSEDKHGIQ 7KHO LRUIBMHNA@ID R $SUO IROPH 1XPEH $°
$UOXH OG22 AREHU IROPH 1XPEU $° 2 AR HHP B

7TKHIIWAR \WHP FRQEIQY  REVRWP HDUWXUHSDABDMER \X RREVHYHY/Z KR RXQG I WD MP LMUP DIQWCEHAMUHDHEY
7 KHVHRQG DAWFBIIDYHWHUAXOVIRU. RKHUDIMIRG/DABDWRRVHYHGE \WUHHRBVHYHY R\WWRGAUIQ) \WRRUP RUH
RSSRIMRY/ Z W GHA® MP LOUURXOVIRUHIK R \KHP

7Ke range of the discrepancies of the individual measures ( Article N 1), or the list of the measures and the Observers was
furnished (ArticleN 2). A revision of the H absolute Magnitude also was proposed.

7CEG  SHXOWR WHVHRGDW®IR RAREHU 6 HH\KH\BEGIRQWHH WADJH

7 KHDIMMRG P DIQWGEVDQG WHUSLREGP V

All the asteroid magnitudes must be based on the V Band. It is not always the case¥
7 KHWMDUP DIQWGEH/X\HS I RUWHP HDXUHR \WHDXMRGP 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 6VBHAIEXU  5X\WID

7KVIRP XDZD/OFSMEE ,$8 &RPPIMIRY  1HZ ' HBL 1RMPEH)  WHO LQRUSOCHARLUXOLY
,VWEDHGRQ\WWH$ EVROWP DIQWCHR DQ$ WWIRGGFDMDN DXURIRP LFD08 QWURP \KH6XQDQGWH( D

P QWG+ ® UGw ®> * K * K@

U DG GABUHSHRRMHD OH WH KHIFFHQUWF DG JHRAHQUF GMBHHY DARDUSKDHDQIGI3KDH
+ WVWHIEVRWMP DIQWAEHIQWH9 HIXG
* V\MP HG\WH\VBSH SDUIP HMD L XANFRZQ
KL DGSKL DHW R SKDHIXQANRYVJILYHRR WHH SUIWMRY/ KL H S 3.33*(tan (betal2) )0.63]
K HS 1.87*(tan (betal2) )1.22]
7 KHI RUP XD SIHAPWWH REVHYHS RSSRMRQ VXU H DG \WHARQ CHIUG RS R | LQBEWKW@HW DADLIHSKDHDQIGY OGLV YOG
for 0 < Phase<120 .
+ DG * DHIXQEP HEOSKRWP HME SOIP HMY/ I RUHDRK P LARUS@HV



7CEG UAXOVR \WHHRGDWOIR RRkeH
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+ 9DOH

5 HYIVHG
+ 9DOH
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0 HDVXWHV
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2 EVHYYHY
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0 LORU3 @QHW 2 SSRVIMRQV

$@UKDQD
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2 @HD
/ XQDUD
6 DNXQID
4 XHMOND
$QAMH
6 SILGRQAD
$ SKURG\M
3 DQARAD
( XIRER
$® DP DU
3HRIL
7DIXFKL
0 Dm
0 DQDWD
*2
9HUH
YACSIENHUQ)
) XGRQ

YRERYIW QD

0 DOAMXVH/R K P DIQWGEHHIRY
, QWH3 DINVGAUIQY \WH3KRRIUWBKIF SHIRGAVARYHIHY % SKRRIUSKIF P DIQWGEZ HHRWRURAIK® HANP DMS

7 KHARQMMRQI URP \WHYEDQGR WHRG W VWP \R\WWHO EDQGR WHQHZ \X WP Z DVFDUIHG RAMMQ) WHDSSUR LP DM
UHDIRQKLS + % P DIQUCH

7 KHP DIQWYGH/U-BRWG Z LK \KHDXURP HE P HDAKUAAR\KHO 38 R \WQDUHLGFRIHRANDQG\RP HIP HYI XUQMKHG Z LWRXVWRH
FROFH.OHG QIKVWEDQG FRIHHS QI KVWEDQG

7TKHIFRXAA R WHIWDAKMDUFDBBI XH/ CRXOD XVHG\ HAVOQLP SRUBQVDAMHR \WHHIRYR P DIQWGH

6RP HP RAIIFDIRY/R + 0 DIQWGVKDHEHQPDGHIQ DG

OESHUHG

B WHO 3& BEXWIFHWHOWDM (RRKHIADBIH

7KHO 3& CRXDD WARRBEXK Z W WHKXIHDEP RQAR DRJILYHDE \WHS XWRP DI 2 EVHYDRUH\R (RWHQHZ. P RALLIFDARY

70EG  ANRIVR WMDUP DIQWGEVIRXDD XMHG

&DW®J 1DPH| <HU 7RWO | 5DQHRI 3KRWP HWIE 5HP DNV

RI6WWUP DIV | RI,\WXH 6V |0 DIQUMGHV ,QDFFXLDR\

I$1' 2/7 R %95, HHHOFHV |9 \R ( FCB\WF ] RCH
* 638& DQG a 9 W W PDJ P DU RQD IRUIDIQMANARLY
*6& 0 9 W | PWw P
8612 $ 0 |%bgss ! PDJ 8SW 20° || P DIQWGHVRXWRI 20°
8612 6% 0 %DQG5 P DJ QWGH 6 HBPURQ RQ 6 RDUWSH ALY




*8, ( 8612 | DQG |55a488 M.| %9 5 | W! PO |
/21(26 | DG | a | R | %95, HHHRAY |
8&$& | | o | 5 | PDo |6 RAKMHQ WY
7<&+2 | | 0 |Xxswo | W PD | P DI RQD IRVIDQMAWNABLY
I I I I I

7 KHP HMRGVR WHP DS | RUWHREWWLQIQ) R WHURYNVHG K P DIQWGEY

$ QDIMRGP D EHIGFOGGLOWHO $ 3 Ll IWA/DABDXAKUH WOKVR DP DIQUGHIQHURUIURP LW SUHERMG YDOHLQWH
( SKHP HIGH GAUQ) \WHI LUIMQIKWR LWREVHYDARQE DO $3 0 HP BHU

6RP HIP H/ WHOMJIP HDXUWHVP D \WKRZ DQIKWOUHOVR WHREWRVZ KHD L \WHIHLY QRATOR DV KWAVABEDCR R +
P DQWGH \WHDHIDIHAI I HHFHR WHP DIQWGHRAANDD GHRHDHARZ DB/

© MBWWHORNR CARXAUDM\MMDUAREIXHY \KWHBWMAP HERG\R P HDUWUH\KHP D) QWAHAVRHEDHHY
| RUWHY\XOD2 BVHYHY/ VR FRP SDHS$ WMRGVZ WP LOUSUHARKMG P DIQWEHY
IRMH&E' 2 BHYHY IVRXVHWHERXYMDUP QIQWGEY CRAXDD \WH7\ KR FDEBRIXH

7 KHVMDUP DIQWGE/ X\VHG I RAWHP HDXUHWR  \KHDXMIRGP DJQWEH/ P XWEHLQWH9 %G

$ VARRQDVSRWME®! \WWHDXMRGP DIQWGEDOR P XWEHEDHGRQWH9 96

$ VZ HKDHYDURVWSH/R RBVHYHY YIVOODG&E' DIGHHRYOURXVXAVHVR WH&E' APHDV 8 QLAMHGRUILAMHG
P HDXUWH/ DG YDURVWSVR QIKWEDQG  IWQRNDX WRjoin all the measures made for the MAPY2 Then, we only use those
Z KIFEK DUHIQWH9 DG RUGHIUIW

21 FRUH IWVQHHAMDY WKDYHQ®P HRXVLRDMG P HOXUA\RBHVKUHR WHCFRXAUR R + P DIQWGH
, QWLVFDH \WHQXP HIRXVP HDXUHR WP D BN UHSEHWHRYHOXOCHUIRYR \KHIHZ LOARAUDMP HDUXUHY

7KHWP HSDXMHGE \KHS WWRGDAWHP [ LP XP RUDAKHP LQP DR QIKVWANKRW7 KHQ \KHP HDKUA/DHR WO FRFHOHGRD
B\ DIURMRQR WHKDD [P SDXMHR QKW

, QAVIGOCP HDKUA/DUHQRUP DID GYLGHG XS DR WHDAMR G QIKVRXUYHDQGWHH | HAAR \KHKDD 0P SOMCGHLY I
AP IQ\KHG

) RUHDFK P HDXUH DG HHIPHR P DI QUNGH ERE HHQWWH SUHE ARG DQG\WHREVHLYHG P DIQWGHY LY FOBXDMS
7 KHQI RUHIFK DXMRG WHDHIDIHR WHG! I HHFH/R P DIQWNGHVLYFDBXOAMS QKR QIKW
) DD WHGA!HHFHR + P DIQWCHM\KWHDHDIHR DAHDYHIDIHYFOBXDAMS | RAMHVIP HDAMRG

$ @KHP HDXW/UFHYHGE \WHO $ 3 DHLGFOGGLQWHO $3 ' DEEDH BXWRID \RP HR WHP DUHXVHG\R FDBXDMWKH
DHIDIHA! HHFHR \WH+ P DIQWGEY

0 $3 0 DIQUMEHWSHY
6HHWHERQMMWR WHO $3 ' DEEDHDDHG JLYHD

7KHIRDYR WHP 05

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

, QI LYX\Z HVRRN DEDKHP HDKUA/ILYHDE, WH2 EVHLYHYAR HVP DMLL LW Dv SRUEGIVR REBIQMP LOUWRKXIVZ L\ YOURXY

2 BHYDIRQP HKRG/

,QVHFRG Z HP DGHDIOHAR GVARYHAHP DIQWMCHGL T HIHIAHVEHE HHQWHH YOURXY2 EVHYDIRQ0 HKRG/  Y\WKDODQG
&&' FREVHYHYDQGEHEHQYDURVWSH/R &&' P DIHVDQG QIKWEDQRY/ XHG

7 KHWLLG SKDHZ [QEHWHXHR \WBEDG GHYIDNRY/DIGWHVHIUK R P HRROAR SHP VWKHRRBIQQ) R JRRG UKV ROWH
XQLOMHGP HDKU/ BHFDAHIW/JHHIDED Gl IEXOWRCP DAKWARRREIQY | LOMUIP HDXUAVI RUDAMRG/| IQMAKDQO

7KHO $3 ' DEEDHQRZ ARQEIQVDAROP QI RUKHI XMUHWBEDGGYDIRYY 8 S\RQGZ R \RPH5 P IQWGEVR \RDU
WSHWELY Z W DGMDIRQR P DIQWCHKDYHEHHQXVHG O WUUWHRNLFDIRY LQDIHZ. FDHVR @ANR QDB

WHO $ 3 GRAQVBLHMG\R RFEBIQ\WHP RIIFFXUDMP DIQWCHP HDKUHW/ EXVIQOFRXUIR R CERW P JQWMGH EHMUDD
\WHORXDOARXUR R QP HIRXVQP EHIHG$S WMIRG/ LVR WD SRWEB! QREE®D Z LW \WHI XWMUHXVHR WBQEDLG GHYLDIRDY



BAX H-QAI THHAMI KWEXD/

7 KHDDOVH/R WHP b5 P HDUXUHY/
7KHYDUVR WHS (OO 2 XU I LLYWAP HDKUHY

7CE® \KHDDOMVR \WH [ LLYXANP DU

" MAMEXWRQRI 0 DI QWYGH 7\ SHV IRUWH 0 $3 P HDVXWHV P DGH XS R 0 DUFK

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

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

) OMHG &&' P HDVXUWHV

709
809
*09 1 RWKVHG IRUWH + IHYIMIRQV
80 % 1 RWKVHG IRUWH + HYIMIRQV
805 1 RWKVHG IRUWH + IHYIMIRQV
/109

,QGH LQW P DI QIWXGHV 1 RWKVHG IRUWH + UHYIVIRQV

5 HP DO

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

$ WLKMAH* 6& Z D/XHGE \WH&S' 2 BVHYHY
7 KHOWHOWLCIFFXDMS 612 DQGQREED \WH8 612 63 6ROUWSHWIY Z HHUARP P HG-G
$ ANDID \KHERXVAL) IMIDUS DIBIXHIV\RHT\ KR

7 KHAMUEXIROR \KHO $ 3 P HDXUAAKRZ V\KDAKHHLYD\P DIXHR | LGMY/DQGR \KH/ DQERYRY RGHRVAY

7KH DHQRADX \RXVH FRWR WHILOMY GFUDHR \WHQP WP IQWYGH QR OFRXUDM WELUGHDUMH DAMR G/ WHD GRXED!
ZRNDQGOANR WP H

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

7 KUHGL | HHADQDO\H/R WHP DS GDEEDHR P DUFK

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

7KHDHIHR DOKHAAWEDHEYR WHLQAYIGOCP DKUY KDY BEHQFDBXOMS | RIHFKWSHR WH P DOWSH/R
RARCHEP DX/
7 KLY DYHIDIHKDY BHHQ O WWUEMAMMG RQWH DYH.IDJ H WBEDLG G- MDINRQRBBICHS | RWH7\ KR PHDUXUWY 70 9



0 DJ Q\WMGH 7RECRI P HDVXURV $YHDIHRI $GUWQY
WsHv WH' LVFUHSDOFLHY RO 7\ FKR
$0Y P HDVXUHV P DJ IDIQMU
80X P HDVXUHV P DI EWKWU
709 P HDVXUHV P DJ IDIOMU
*0X P HDVXUHV P DJ IDQOMU P DI EWIKWU
80U P HDVXUHV P DI EWDKWU P DI EWKWU

&203$5,621 % 7: ((19,68%8/ $1' 81).,/7(5(" ' ,))(5(1&(6 ¥ $67(52," 21 0$5&+

7 KHARP SDUMRQ EHE HHQ\WH YIXDOP HDXUA/DQG\WHXQ LOMMG&E' P DKUY/ RARICHSZ W\WHS 61 2  DFFREAQ) \R\WH
LQAMGDOAL I HHIH/QRMG | RAKHDWMRG/I RUZ KIFK Z HKDG\WHERWSHVR P HDXU

6HPRAMG2 BV 7KHRHVIRBZ HSB DABDIV YA BEHYHYDQGU SRMED &&' 2 BHYHY

5HXOV * GE00s YHIIH' UIHHFH 9 MDD 8 QLAMHG& &' P DQWGHBIWKWIIRMHXQLIOMMHG&&' P HDXUWY

$ SUMRXYVRKHLUDIDOMVWSHLQ ~ JDHDUAKOR 7KHQWHDHIJHAVRUEDR VIERW  \R P DIQUAH

*129%b/ $9(58* (' ))(5(1&(2) ($&+0$*1,78" (7<3(_ EDHGROWHGAIIHHFHR WHDHDIHGL I HHFHR
HOFK DAMRGP HDAXHWSHE, FRP SDIVROVR\WHCRXDOCDYHIDIHAL I HHIFHR + P DIQWEHR HIK$ WMIRG

7 KHFDBXOWRQVZ L@EHP DCHZ IW WHEHMAUP HDXUHVIQFXGHGIQWHO $3 ' DREDH

(' OAK DYHIDIH KDV BHHQ O \MUBGAMMG RQ\WH DYHIDIH\WEQELG GYIDARQRAMCHS | RMH7\ AR - P HDUXUWHY

0 DJ QWCH $YHDIHRI $YHIIH' LI $GMVWQJ
7\ SH GUIHHOFHV * ®EDO LI RO7\ FKR
$0Y P DJ IDIQMU P DV IDQMJ P DU I DIQMU
709 P DJ IDQMJ P D) EWKWMU
* 0 X P DJ IDQMU P DJ IDQMU P DJ | DIQWMU
80U P DJ EWKWU P DJ EWKWU P DJ EWKWU
80 X P DJ IDQMJ P D) EWKWMU P DJ IDQMU
80Y P DJ IDQMUJ P D) EWKWMU P DJ IDQMU
809 P DJ IDQMJ P DJ IDIQMU P DJ IDQMU
805 P DJ EWKWU P DJ EWKWU P DJ EWKWU
& RFOMRY/

$ @KHO \XDD8 QLOMIGS 612 6$ DJ570 9 PHDXUWOMHIGFOGGIQDPH IPXP WPHR P DIQWGH GAG\MWH
HIHWR \WHQKWOUCEQNV R \WHDAMRG/DIGWHVQI KWCEIFRXUR R WKHP HDKUA/

7KH5 DGY% P HOMXUWHY DUHWKHP RIWXQUXING QIKWADQEYCP R WRHUHHYHGE WHO $3 @ HKDYHWHFRQ LUP DNRQWD/AKH
* 6& LV\KHP RINCDFRXUDMWEUFDEBRIXH : HDZ D VKDYHDG-MDIRQR R P DJQWGHBR HHQWH YNXOCP HDUXUWHY



DOGWHXQLAMIGES' P HDXUAVP DGHZ WI\KHS 612 DGWH7\FKR 7 KHYLWXOOP DIQUEGHAHP BWIRRGWIR&S!

7\ FKRI LGMIHGP FDAXUY BXWZ HGRADYH\ HADJUDADP BHUR 7\ FKRP FDMUAAREH\KUH WY QRZ. GHHADY \RXVHWKH7\ AR
DOG\WHO WEUP DIQWGH/IDKHUWDDS P DIQWGEH/DGWHS 612 6% W DWBIELGGYIDARY \WHXQ LAMHG9

P DIQWG/Z RBEHZ W DQIFFXIR R DWRKR P DIQWEH 7 KHP DIQUCHAVRU-EDAHYI RQGE \WHO $ 3 R\MQDH

JUDMIWDQWHP DI QUVCHLEFRXUIALHY RXGLQWHO $ 3 DOV

7 KHIXWWMWHR WHP D5
7:20%$,1*2%/6 7TKHEAMUOARXAUIR DQGWHMP ST LFDNRQR WHO ( $685( 0 HKROVE

7KHXVHR \WHERMFRXUDAM\WEUFDEBIXHVDQGY | LOMY/LL \KHDWMRGLY GRARR 1 DQN

7KHXVHR 0 RQXO / IMVR FRMQRIRQVEHE HQWHO $ 3 DWMIRG/DQG\WH/ RIRY 36* & RUT\VAKR B HYHRI RUWH
YIVXOOREVHYHY

7 KHVHOUK DIGWHXHR  WIEGGYMDIRYY |RUHFK &&' FIP HD\RSHIP IMWKHIFFXUIR R KWV XQLOMBGP DKUY/
6RP HWIVRY \NQEDGDAMRG/ Z 1\ \P DOYCUCE MW POIQWEH DQG\KH+ P DIQUGHRW WHARQLLP DARD
R WHWNQELGGHYDIRY/R YOURVWSH/R &&' P HDKUWY

7KHQZ PHDXUHR WHRBEE' [P DIHZ LW \KH I XUMUH EHWAKBUE DRI XH/

) LCDOARQFOMRQ

7KHO $3 ZRNLVXHXO
7RGMVWHDIMRG/Z MW HIRYR + P QJQWAHDIGW\XIIHWWHUMMROR 1DOH+ P QWG BYHRZ W DVDIKW

URGOOTHRAIR

7 RSHIP IMERXWXMUH HSHP HIGHY DG WMDY, RIWVRQGLP HMY
7RENMWRP HIY H/DAMIRG/Z W DIUWDNIKWIP SDMEH DY $0
7RRABMQDURIK HA DMR \WHP DJQWGHGMDINRY

7RSHP MD\AHWIF Z RIN Z DKRAWP SRIBRAP HXQV DG Z MKRXWERQY) REVHYDINRYY | RUHIAK MBI HWY 8 VH XA RUEDG
FIP DMVRMRWMP /R REVHNQ)

YAHQMHIQWHO $3 LI \RKZ MK

S HHHAV

$8' (1 HEVWM KWB ZZZ FFGDXGHFRP

5 DRXOUHKUHQG : HEVMM R / UKWXUHY KWB REVZ Z Z XQUIH FK aEHKUHQG SDIHBFRX KW O

&$/1 KWE ZZZ 0 IQRBOQHY EVHYHUFRP DW® GHDXUKW

$OQ+ DUV / IKWWXUYH SWMRG &DIBBIXH KWB FID ZZ Z KDWYDUG HGX IDX QAV/ LIKWEXYH DV O
$$ — 5XWD ( SKHP HUGHVR! 0 IQRU3 OQHW 1URP \R

0 ICRU3 OQHV&HQMU 9 DURXV' DIWRQ$MRGY KWB FID ZZZ KDWYDUGHGX IDX QAW O 3/ MV KW O
) IBVR 2 EEMICHBP HOQVR $VIMRGY KWB FAD ZZZ KDWYDUGHGX SXE 0 3&2 5%

0 IQRU3 OQHVE HAIRQ  7KH 0 IQRU3 DQHVX®BMD  1URP \R
R WH$/ 32 KW8 ZZZ GU RQD HEX alKODGR P IQBMQKW O
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5H®RNRQ/DHP DCHDERWKHAVRYHY R G 1D.QA7 URBQY , WHHP VIQGHHG\WDAZ HDOUHCSSURDAKLQ) WHHIGLQAVARYHIQ)
QHZ - XS\AMU7URBQY DVIDUDVD @P MY PDIQWGHR 9 WVHOMDIHG : KDAFRXG BHWWHUDWRQIRY" $UHZ HUDD
DSSURDAKIQ) DQHIG DVWH FRQHNXHFHWDARHH\KRXG EHDNGQGR JDS EHEHHDI DIQADQG | DLQAMIT URBQY/ DXXP LY

DQ ZD WHSUHsence of « IDIQMM Trojansin L4 and L5 RULYIVRWAKRHFRQATXHIAHR WHI DRAKDSURHNQXUKP HQVDLH
QRWHDAKLQ) BH ROGWHAP MY P DIQWEH IURP ZKHHRQZHP D, H SPWRAVARHUDIDIQQE. 7URBQS

» QAURGXPRQ

7UREQV/DHIRUP DY BDRY [P SRYIQVEMAMR LQHXDM D\MAMHUGVRYHY 7KH P D EHUHDMGZ MW FRP HVFCBMUHG
B\ WHIWD\BARDO IHTER - XS\ EXVWH FOQDOR EHUHP (DQAP DMUDO URP \WHWWP HR \WHIRUP DMRQR \WH\RDUM AP
7KHTXHIRDZ K\ - XSWU7 URQ/ DUHCFR® XD DAK R SDUXOUSORHVIQWHVRDM WP IRIKD  GIUHVIKHIG DG

GHUH/EHKQGROWHREVWR - XS\ KDVEHHQP DXHP DIFDI GHP RQMDAMGE / DIWQIH UDRQZK \WHH
SDMFXOQUSRMRY/ KDYHEHHQFDIG/ DIDQIHAEDMRQSRQN/ DG/

1 HZ LOYHIMDARYY

3UHHUVRRHYDIRDOEP\KRZ VD UDEG GHRICHIQIEROWMP DIQWGH \RZ DB/ QRMYDDH/ ZKHD FRQIGHIQ) GZ O
QAVFRYHHG 7 URBIQ DXMRG/ 7 KVWXGHR. VOORFBO® \KRZ QLOWHPXP XDAYHAWIBMROFXUYH/R - - XSAMU7 URBQY

Z KIFK DUHP RQKO SIRIGGE. WHO LQRUIBOCHARHIMIQO0 DACRKXHAW 8 6/ HAXVAKHIH RIHGRN DADWSLFDOH CP SBIR
\KFK DPXP XDMWYHQMWMEXIROFXYH ) LI

Cumulative Distribution of Jupiter Trejans: Absolute Magnituds

Frepared 2002 July 19, (€) 2002 Winor Flanet Center
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\HDUK SRIUPV /,1($5 /21 (26 6S0AHZ DRK &DBIDDGL ($7

/,1($5 LVARHIQ) WHW IURP O DMHRTDOGDMHDGIRP G RWW\R G \RAK XMWEHDXWX® GRZQ\R
PD)  RU\R 7KHHDUH\RPHIDSV QREED LQWKH- XO $XIXWADIQ VHDRQ EXVWKHHLYH FHIBOALIKAR QIKWIQGP RQN\R

P RQX DQGRSSRUMRQ\R RSSRAMRQANDIH DQG\WHWIRY HIHAWR \KYVRQWHQ®P BHIQ) R P LGRUSOICHVLYEHRP Q) HGHQW
%4IDQ0 DIGD SUYDMARP P XQFDIRD

YURP )LL) ZHP D WHHRHIQHMWDABUQ DOV URBQVZ L\ CEVROMYP DIQUYGHY/ AW WDQ+ KDHEHHD
QAVRHHG MGAHWHEFDIROR \WHIQGRIRQSROM URP WHAMMBXIRQPXYHLYDP HDMXUHI RUFRP SBIMHN ( W



+ 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 DIQUMGH LV TXMMIQMMNG  MGRHIVKDY DI RWY DAMDQ\KTSH
FRQLP L) RAUILQBQIVIURP \KHPXP XDIYHGEWIBY FXYH/

Distribution of Jupiter Trojans: Absolute Magnitude

Prepared 3002 July 19. (£} 2002 Minor Planet Center

Number of objects

=] 8 10 12 14 186 18
Abselute Magnitude

YU 1XPELUR 7URBQ/ $ EVROWMO DIQWCH 0 3&

, QMM DORIVAKHXQH SHAMGSHINDA WHUAKOVURP LOMMYHVHDURKHVE, /|1 ($5 GAUQ) @wY HEXOW DG

0 DUK |QAFDAY) SURECED \WHSUAHIFHR DFDXOCRUBICFOMMUR /  7URBQY  REVMIAV DV , QSURSRIRY
Z W IGRIDIQ) QP MY P DIQWMGHWHXP P LWR MY SGRAZ LGP RYHVR KLIKHUYDOHY Z KUBIP RYIQ) DARH\CP HWP HVR | QMU
CEROWMP DIQUGY/ | W2 LEHGQHHAODY \RZ DWRUWHIRTBZ Q) RSSRIMRQR /7 URBQY LQRBHAMR QM SUAMKLY DINTRN
P RUHCSSURSUIDAMD

MWRBZVIXAKHIGRP 1D B OQHUH WESRDIR) \WDNERW P RH7 URBQYP D BHAVRYHIG U WH \KRXGEH

SHHOVMOQWHWDQIHR + = UP HP EHIQ) \KDAT URDQ/DUHGFDAG DA WHVIPHAMBFH  $ 8 ( QKUGAQY
\WH@P M) P DIQWCHR \WHVHDUK SUIRILEP VP D \KHIH RIHUAKOMOWHGAVRYHY R Q. 10QAT URDY/

5 HHHRHY/

Lagrange J. P., Le probleme destrois corps, Prix del' Acad mie Royale des Sciences de Paris, tome X, 1772
(W :  $WHZHDSSHRAKQ WHHGR DAMRG QVARHY " 3QHBY DG6 SFH6AHIH

$ ANGRZ BGIHP HONV
VWD SBDXHRWONWHO LGRUSOQHALHIMI 0 DAFAH 86 | RUDEBZ LQ) XWARXVHVRP HR WHUILIXUA
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6HJIR) RICD

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

3KRRHBRUF REVUDIRYY/ R 1 HU ( DUK $MMRG : 7 ZHHPDHRY' HHPEHU ILRP 6HDILCR =D
$\RRP LFDO2 EHYDRY GFDMGLQ/ XPH]DGH D 03& &RH  XMQID AP 5MKH &KIHMHWBVARSHZ WD 3
QIO FKDQQHOSKRRPHM $ ' &) Nr] UDAR W Q@OUHHYHUZ DVXVHEWR GAMP LGHS QYHIDO7IPH ' XUQ) MY QIKWKH

JHRAHQUF GMBGFHR : 7 ZDVR® $8 DQGIWZDVYHY QLILFXOWR LG ARP SDUNRQV LY GXH R WHI DWP RIRD
R \WWH PLQRU SDHV 2 BEHUDIRDOY SHIRG FRHU KR IR G-RHPBHU 87 W GHPEU 87
\SHRWP DO VR \WH RBBIQHE AW JLYHY D SIRDEGI SHIRG R IRBARQR KRXY 2 EVHYHG DP SOXGH LQWH 9 EDQG

ZDVHIDUHGE WHELLKEHNVR \WHFRP SDUMRQVMBUXVHG
7KHIRBZ Q) MWHREBIQ-GOKWWOHUGHEGRWHY P DIQUGHXMQ) WHUHDIRY

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)|-?
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DQBHF¢ UXGWULLE KU

, QUFHOMP H P DQ DGYDGRHE P DALY DG \P DODWURGRP LFDO CAMMY KDHDAFHWAR P FIDW\MBMVARSHY 0 RWR WHH
\MBVARSHYDLH 1 HZ \RQDQY RUFIWIFDOS: DWHI DLV ERKMWSH/KDYLQ) SDUDERTE SUP DY PLULRY 7 KHHLIQXWKP HOVDUHHKHU
\HD P DGH RUDUHRTBLOXMKP HOMWDADHQRABUP DU URDURK LOWAKP HQVDQ PRIH 7ROECBAKHP IRU&E'  SKRRILDSK
RHX\XO® GHHOVDIHBFRIHARUZ KIFK FRIUFAWWHR O LVFRP DR WHSUP DY P LUURUDQG DAKH\DP HWP H | OWHV/\KH

LP DIHSDH\RWDARHZ KRBI&S  \VHH/DWKDLS P DIH , | WLV GQV/N WP DOR KRN/ \KHI RFDOBIK LW/ X\XDD FOWGD

\MBFRP SLHARU

, VIV NXSSRVHG WDKK \WMBVARSHY Z LOEHHTASSHG Zith 17 CCDs, with a possible upgrade up to 27 in the years to come, as
\WHSUFRR \XFK FOP HDVID@Y WP H $QR DSRQNRXAUAH MBU LIPDIHR CERAW 7P WABNHQDV\WHXSSHUTP VR \WH
DAR-BE®ILP DIHEOU / DU HJLQWWKP HQV IRFDCBRIW R CEXW P XZ DB/ Z IGKDYHOUHMHQ EOW/ \R 7P EOUFADQ
EHVRBLDMGLOQVKFK DFDH $ UM R \XMBEGI FRIIHFARUGMIQVLY SUIRHRMS WBUIY [URP DMQIGIGLY/ I LHT | WNMHI XS\R

D ®QL/PXAEE JOWIRDCARRUIHARU

, VIV RXQG\WDVWIQ) B! BV FRULHARLY KDYH QR VHQUAHLQVXFK DQDULDQIHP HQAVDVAKHLP DIHLP SURYHP HAVP DUILGDCRUGRQ

H IMMASVWMBAFRSHVOLRXQG P LQGDP HMU 11HTS | MWMIHY GR P SURYHWKHLP DI HVKDLSCHAD QB EXVWRLYHIHAWY

FRP SBIMD KIGEDE \WHR O] LVARP D 7KHILWAXVDEGIFRUFARUGHLI QLY DR BI/5 RWARIHARU Z KIEK LV XVDEBIDVRFDO
WDMRVR DERYY  RUGUIHJ ) RUIDWMUP LLLRY IWEOLONR SURSEH\P DEHRXIK SRQAP DIH/ DIKRXIK FRP DLV\IMDI UHD®

UHHG

7KHIUDADGYDQMIHR D5 RWFRUIHARULY\KDAWVIYRCH JOW GMI QZ W UHD] HSVRBLDCRHY \RIWDQEHSIRGA-GE DWAG
DOP DMXURSWADQ 0 DQ BP DMKUMWBAVARSH EXL@HIDIHWN @G HRXIK R DIP SANXAK DZ RIN

7KHIIWNHDD JRRGARIHFARUVKHWUHH GO : \ (HRRUHARU Z KIK LV R XVHG RQ@U HWBVARSHY |, WY MWINORCH J W/
GHIQ EWWHWBRLDHVR  LQAMGOOBRY/\NXUDAH/DIHYHY \WWKWS WN@BG RSWADQLY GHEHGWR SURGAH\XRK D FRUIHARU

FFHM XD

| DWWBWRABDIVDQH CP SBIR PRGHOP XUSBIIOW  GLVIRFDOHAHIIRUDY)  SOULERIE PLURULVSIRHOMS , W
\ROLDGFH/DIHQRAR W KWVWHRHVR WH: \ GHFRIHARU EXVMHIXLAY - GLIHHQN XA DABDWRHR Z KIFK LVGILEXOV
\RJIUQGDIGSRDK $IDLQ D\NABGRSWADQL\KHERXAKRFHIRUP DADRXUQ) R \KFK D FRUHARU

» QAURGXPRQ

7THDVRIVZ IWCSHWUVEHEHD DG P DHQW
FROUGHIHG SUP DN UAHDUAK 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
UBFHWHR [ VOEHDMRQ/R \WHWDVARSHRSWAY |, 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 LLIRU DVHOFK 5 & P LLURUKDVXQTXH
\KCBH

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

I DOAP HMRY/R DQRSWFIOX AP DUHP XQISIH
\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 \KAK DVFDEY)  7KXV \KH
QU HBR Y R \WHRWIDOGMIQZ LGOOREH
GOEGE \WHDIY | CARU , Q\WLYI CRMH/AKRHRID
@YHKGHIQWHVADEQY SURFHUH Ll DI WMH VA



WHQQHUI IHBR YL KDAREHIGRUDHS WHR | O LV
CEHUDMRY/P D H SBGH 2 \WHZ DV L \KHRSWEDOX AP
LVHODUHGLIOM] H \WHEHDMRQ/Z L@DOREHP DIQI LHGR
\WH\CP HI CRRL 96AML \WH\CP HOGHDUI LHTR Y LV

UG WHUAKEMY GRUDHIQWHDQIXOUILHGR YIHZ

[ttt

P D WYOBURGEH\DIN CRRLY . BRXOV

JUXH $Q P) MBVWRSHZLKD: \ HFRUARUKDY
EHQVDBGGZQW AP R DSHWMUH DQGD\MZ DB/ \KH
QQHDUIHBR YIHZ KDVEHHDI RIAHG\R I \WH\EP H 7KH
XY | REBLGRUHDHLQDQIXDU LHIE UAKEMGLQKXIH
RI O LVOEHUDNRY/ D/LVIEADMGZ W \RH\SRAGDIUP V/
| ROWHHGIHR WHILOGR Y EHBZ \WHFRUASRGQ)
\MBMVARSHVNHRKHY , QWKAK DFDH \WH\FDI KBVIDIOR
GHDYHWHUHNXUHG SHIRUP DOFH

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

SOIP HMYR \KHFRP SBIMLP DILQ) MVMWP TURP VFHQ)
\KURXIK \WWH\MBVARSH R/ DG XS W\WHE& &' \XUDAH

7 KHWSHIOHHQ) H SHIHFHG DAY XVHGE. 0P DMLY/
DG RUHJRRHYDRUHY1Q SRXOMEDUHDVR ( XURSHLYQRWV
DVJIRRGDV/DAKHERWWEVHYDRY VWMWY : HAOQMVO HD
assume that it will be about 1° at best, values around 2°
EHQ P XK P RHSURCE® &RP BQQ) WLV Z W | RFDD

%U P INRRP HWWY

GRWVR \HYHDP HMY\KDAZ HHIFRQMIQWH P FDW

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

) RFDOBIQJ\M P

) LUXWH  %OUGMNM] HAIDAMHGE VFHQ) BRE HH 1°
(lover line) and 2° (upper line) as function of the telescope
| RFODOBQIW

7 KHHDUHGHARP SBf IWR  DIHHGFRHARUGBH/

P RI® ROWHUHNNUHGIIHBR YiH.  Z KFEK RQIWRZ QLY
FOO® GHICGHEE WHMI HR WH&S&' KIS ZHZ DQARX\H
7 KHUHDWRQ BHA HRWWHFKLS M H DG WHUHMXUHG

2,
ol

AP HAMUR WHIIHBR YIHZ LVICEMADMS RQWH) LI

)LUXWH UWHDAHM]HR &&' FKISVXVHGI RUDP DMXUDG
\VHP L UR HMRIOODWRRP IHOZ RN GIY. QSWK P DMD \R
\VAO®! 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\MO\ HOWY 7 KHUHG

QP BHY ILYHWHUWHDXUHSGCP HMUR \WWHZ HOFRUWHAMG
IIHBGR YIHZ R \WH\WBWARSH LQP LA@P HWH/

7KH&&'  RKLSVKDYHTXOMQL I HMQAB HOM HY \RP HZ KHH
EHEHD DG P ZIWWHWHIGIRQ) \RZ DB/A\P DU
S HY \WHDYHIIHEHQ) FAUHQ® DRXQG P

&FP E.QQ) \KLVZ W \KH | CRAKDAKHWEULP DIHKDAR EHDV
GDIVE RS HYLQALP HMJ RDIBZ SUHAVHDAURP HY
DGSKRAPHY  DQGZ MWWWHM] HR \WHVHHQ) G\F
QVPXWHGEH RUH MY REYLRXV\KDARHEOURLLFBIR \KH

FRUHARUGHHB/GRAR BHP XFK \P DEBUWDQ CERXE HON
P LFURP HMY 6R LQWHI RIBZ L) DCDOMY \WHDFFR-B\IE®!



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

| DWBXVRNBDWMAHEURDG \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 @
VKLV LVAHAR EHWWHFHQAECY. DAHBQIW | RAWHD WEAQ)
DQGRSWP 1] DARQDIOMYR WHFRIHRARY GG
EHBZ 7KHRAHM\ZRZ DHDQWVZ HHHAR DG

P DMWHSIIRNDOIP WR WHUQIHIQZ KIFK
&&' VOUHVFQIMYH

6SRAADIUP Z DVFKRHQDV\KH DEDOWDORRO RU
DXAXQ) \WHFRUHARUSHIRP DOFH $ GRRAIK \WH\VSRW
ADIUP OAWVSUHHTXON IFDARQR CEHUDARY/LORYHG
LQRIDIY WVKDYDIWDAGYDQIIHR EHQ) DYWKDD
HDX R XQEHKBIG\RRO RUGHP ROXDIY \KHSHIRP DGFH
R DQRSWAOX WP, QIHHDAY D\SRMGDIUP \KH
HDGFHOSHWMUHR \KHRSWADOX WP LVGAYIGHGIQRD
OUHQ®P B-UR HNXOOSDW DQGD@KAD 1URP \KHREMRN
LQRXUFDHD SRQNRXUFHZ KIFK Z HFDQLP DILGHD/ DR
DAGMU-G SOFHIQWHI IHBR Y WAFQAMRIK HFK R
WHHSOW 7KHSDN R HIFK WD XX | RAKBHARRY
LV FOBXOMS DQG\WH SRIQIZ KHHIWARXAAKURIK \KH

LP DJHSDHLYP DINHGRQWHLP DIHSDXH 7 KHRRMQJ)
SROQVIRUR WD VILYHWWHEXUR UFGI\WDAXRK QRSO
YWAHP Z RAGSIRGAHR \WHQY VR JHRP HUFXCRSWAY

DRH LH WHGL | RN GHIGRMS

aaldiidle,
i

PP

YLUXWH D $QH P SBIR D GUWMEXNRQRHH
HADGRHDSHWUHXVHG\R FDBX@MD\GRMEDIUEP ,Q
JHIH.DOVHYH DOKXQBHG\R \HYH DOKRADQG D VOH
AMUEXWG HYHID RYHWHHQADGRHDSHWMUAH

E \WHUAXOMY \SRAGDIUP  Z 1\X DVRKBLIGFH ALLFRBISTIWG
DURXQGIWL RMWWDARHUD VR WUHHQAL | HIHQAZ DHBIIRY
XVHGLQWHFDBXOIRY DHFRGGE. Gl HHWVRRY %OH
LV XVHG | ROWH KRG | RAWH GGG JUHHD RARH
P LG3BIZ DHDQIW WIDGBWR \WHUDRNOCFRBLY

$ @UAKOVSUHAGLOWLY DMFGIZ HHREBGHG R, WH
IUHYHMRQR WHRSWAOGIQSIRIUP 26/ 2 / 7
9  ZKFKFDQEHGRZ QBDGHEDMHI RIRZ LQJ DEGHW

KWE ZZZ MCRSWHRP
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Z HHQRNK | LELHQADQ P RUHVR EHFRP SHIMYHERWN I RU
IRWBZ XS DQGDIMRGAVRHY 7RARP SO Z W
LGRUDICQY \WAKQFDOUHTXLUHP HQWI RAVKFFHX XCDWMIRG
DOGFRP HVREHYDIRY ZHEXOD  FP | ' HIWUWSK
WBVRSH 7KH  FP ' HIUISK LVDPXAEP P OGH
DODFGWKGRR Z IGH I IHGLP DILQ) WP GRLIQHS
IRAWN \KXYH DESTFDIRY/ $ @I XQRIRY SRQNY
PDILQY IRPMQ) ILOMH FKOQH DHFRRBGE D
MQIGIFRP SXMUSIRIUP DOGWHW WP FOQZ RN
XMW

6\ WP ' HLIQ
7 KH\MBVARSHSURVRNZ HIHP DGHZ W DKHS R DODQRG

FRP SA\AMUSURIUIP VIKDAXSSRWY ' G-MIQBGMKRMUIDO
DBOMYDvZ HODV YDURXVMP XDWRY 1L] 7KV OV

FOUH XQ@ GALIQDEDMBVARSHSDWZ LW | LDOSURSHWAY
EHQ) Z HONGRZ QLQDBYDIH ,QWDAZ D ZHDYRGS
FRONUKRANRQ HUR Y DQG UHBAHG\WHP DX CRMUQ) WP H
DQG\KHRYHDTGFRAIV

7 KHWBVFRSHGALIQLYFRP SCRDQGR G2 ZHIKW H
XVHG D\KHP HBOR REBQ\WHWIKRXUAR DK | LELHQV
WUHIW |UHR | B XUHDQG YIEUDARYY Z KIBINH-ELQ) \WH
RYHDOY HIKARP LQP XP  6\BIQBAW/ MAHCDQG 0P LOP
Z HHXVHG| RURSIFDOXEHDXHP E® DQGP D) RKHU
GHIFDMSDWI RUP LQP XP P DQMDFHDQG®Z HUP DV
7KHRHIDOY HIKWR DZ RNQ) WBVRSHIVR® NI

7 ROAKHYHWP SHDMHVEELONVR \KHWEHDXP EO
WUKPMUHZ HXVHG FOLERQWEHY 7 KLY KHSVVRNH-5 \WH
GWBGFHEHE H-Q\WHP LURUDQG\WHFRP DFRIHRARUDY
FROABADY SRME®! LQRBHMRDYRGI RRXVAKOQIH/GH\R
QIK® \WP SHDMHYDUDARY $ P RRUJ HGI RFPMQ)
GHMFHDIBRZ VDARP DIF U RPAMQ) R WH\O\AP DATQ

WP HOUQ) \WHREVHYQ) \HMRY 7 KHARP SBIAMG
WBVRSHIV\KRZ QLQI L
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DFFHVDQ. SOWR \WHYIMEGIWN. Z MM DP LGP XP WP H
G $ QRAHJUNXUHP HAZ DAKDARH\MBAVFRSHWIFNG)
AP \KRXQBEHOEBI\R | RIBZ. \WHREVIRVZ L\ \KH
OFRXUIR R DFVHFRHMHSHIRGR P LOMW

2 \KHZ VHZ HZ RXGB QHHGDQRMHM WP | RUSUHAMVH
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\HVURP WH2 PHID2 SO0 $ \GHADO RAXVFDWIDIH
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7 KHP DQSIRHXQ) XQWYEXLONURXQG\KH5 CERW
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FOAN DG \WHRKM-UE R | RAWH W KWDAHQRQDQG
GFRIDIRQL LV $ RAHJARAVWEROGXMQ $7 6
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DGR | \KURIK D\RIGWHMUHD, 7 KH\MBAVARSHFDQEH
\Z WKHGRODQGR | HWKHUXMQ) SXK EXVRQVRQWKHI URQWY
SDOHRUBP RMD B\ FRP XA 7 KLY ERDUG DBR KDVICEXW
IROKH' DIV 6 6 WP SHDMHVHIRNMNR FRONROKH
SRWEBIRHKHDIY R WHHBRAURQEY

, QDVFBOUDMER] FERH\R WHWBVARSH\KHH DUHDCRAH
I RS$ W HCP LFURFRQARTBLY Z KLFK DUHUAVSRQUEDH| RAKH
[ LAMUZ KHHDWHI RAXVHUP RIBU \WHP LRI @BV DG ROWH
P LWRUYHQIMDRU 7KH FRP P XQFDMGLHA® Z LW \KH

P OQFRP SXMXMQI WH56  LQMICFH

$ QOQDDWHHDH P LFURFRQARTBLYIQWH WP Z KLFK
FROWRCDDRIHMU P RRLY DOGKRGWHLQM (DOXBMR
\KH\MBAVARSH\R \WDARH FROUROSURIUP (XQQQ) ROWH

P DQFRP SXMUCRMDID GRH/QRAHGWRNHBWIANR Q)
PXUHASDLIP HMYR \WH MMP 7 KH\AKHP DIF GDIUP
\KRZ LQJ \WHARP P XQFDINRQSDKVEHE HHQ QI HIHQWV
GMBH/LY SUIAHQAGLOI L
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YLIXUH  6FKHP DIF GDIUP R \KH\MBVRSHHBRIRQERY
DQG\WHFRP SXMUHDRIRQFVARP P XQFDIRQSDAY

6\ WP 2 SH.DARQDQG6R I DLH

) ROWHARP SXMUFRQURCR \KHWBVARSHZ HXVHDFRGAHBW
R HYHY/Z KIFK FRP P XQFDMZ 1\ WHKDUEZ DIH\MURIK
GUYHY Z UMKQ\SHAL LFDID \RARP P XQFDMZ MW H \MEDO
GMAH/ 7 KHSURIUIP VZ KLIFK CRXDED \HIGARP P DQBVDH
FOIHQVZ KIFK GRQRACHHG\RNGRZ DQ \MLQ) CERXWKH
KO DUHGABLY 7 KHWMBVARSH\HYHUDARH-BWFRP P DB/
IURP \WH7&3 ,3 GHRERINDQGH HXAMAKHP © KHQZH
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VP SO \HIG SROQVARPP DQGZ W5 $ DG’ H
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DIXUHGIURP \WH\MBVARSH ARQUROVH.YHU
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2 BHYDRIRS$ WAR(RP LFRR 0 DIRFD
&P LGHOBVHYDRLVQ &RV O DIRFD 6S0Q DIWRP# BWOH/

, QWH@MIVHDLY \KHLGRUHP HQADQGHIIAHA R \KHEAL \XUH VDUHIDAQIWGY) WHAVRHY R
DIUDMIQPEHUR 1( 2 DWMRG/ LQIHHDOZ W I DLQMIP DIQWEH/ 7KHWDGWRDORIBZ XS\BWNP DGHE REVHUYDRUHY
ZI\KPHIXP CEHYMHWBVRSH/LY UIHXAY P RHDQGP RHALILFXOWVG LQPDQ ADHY LVIHMG) P SRAMED

: HOHIQILRQAR DSODH LQZKIFKPOQ R \WHQZ GVRHIN/R 1 ( 2 VDQRAEHFRQLLP HE GHWWHUFDUY. RAKHFRULHAW
IRTBZ XS\WHGH WD VB! WHHREVHYDRUHY X\VXOTD GHIFDWGWR VKA \BAN DQGLVIUARDIY \KHHRUH\KHLP SIRYHIQWH
HIXSP HAQP D). R WRHREHYDRLLEYZ WP HAXP ] HWBWRSH/LY FRPPRID FRU® DGRV \RILDIFH

7KHSIHHABIRWANY ERIQROWHLQM IR \WHP HP BHYR WHRBVHUYDRY R 0 DA LQDUDQILQ) \RP H\WMBVRSHVR
JUDMJCESHIMHWR FRQMIHZ W WHZ RINR 1 ( 2 IRTBZ XS WDMPGWRIDD KDVARP HAOW 1Q) RMKHOWYHDY/ ) ROWDWV
DWWUD LU SHIP HQECSKDHDERY  \HOWY/ IQZKIK  6FKPIGNMPHDVR  APVZHHDOHG BEXAOVSIDRNDD RO Z 1\
\WHURZ QP HDQ/ WHFRQAWWANRQR Q2 WBVRSHVR AP VKDVEHHRILQWIMS DAR P RA® XQE-HIEN-D Z WK \WH RSO
\MKQFDO P HFKDQFDO HBRARQF DQGAWW SIRFAAMQ) LHRAUAHYR \WHWDP DQG\WWHFRMER DRLY/R \WHREVHYDRUY

7TKHQHZ \WBAVARSHYKDYH\RP HYHY FKDUDRRMUMIF SUHP VAV \KDWARX@ MU RAVKH SURWRNQM IR DQG DMDRARYHDARIRU
REHJREVHYDRUH/Z W P HIXP CEHYMUHYDQG AP WG HRORP LIF LHRXUAHY 7TKRHIRDYDH 9 HY HFRORP LFDORMBCHRWY
DXRP DIMG REVHYDINRQ &7 Z HIKWYHY UHGAEHGM] HWRIEWOQWP DOGRP HY among others. It's described and justified the

GV QDG FRQMKANRY ROWHEDUY RQWHSUHMRXVH SHIHFH

» QARGXARQ

,QWHSHHZ RN Z HZ LMW\ \WHGALIQDQGFRQMKANROR RAUGQH. SURWRW 7 KUHHFRP SCFW

FP . OYARY WBMVARSH/EDHGROWH XU\ HOUH SHIHIFHZ RINGQY LQDWRP HY Z MW AP 6FKP LGP HIDY
DOR X SUIRNDID B RXUP HXQV . QRZ 1Q) \WDWRKHUREVHYDRLIHVKDYHMP [MUSURWAVRUDHDDIHG Z RINGQ) ROWDMKH
RAVHYDRY R 0 DIRUADKDVDORWHGHGR 1P SURVIQ) \WHRRY\R EHCEGIVR FRQMXHZ W \WHDWURP HUF Z RIN HSHADD
UHHIG\RWHL ( 2 FRQLUP DR IRTRZ. XS DQGUHRYHY 7 KHUIHLY DQRMGHVIRVT KHH I LAHR DOGLGRBDHR WHEL
\KUYH VIVSURGAQ) DQHYHY WP HP RIHQ®P BHUR 1 (2 QVARYHIHYDG DAKHVIP HWPH R 1DQMP DIQWGY $ OR \KH
0 HIXP $ SHYMH2 EVHYDRUH/DUHKDAQ) DQHHY WP HIUWDMIGL | LEXOVFRQLLP 1Q) DQGIRTBZ Q) XSWHP  SIRGAQ)
JHHID DOWTXOINDIRP HY  GHRWHZ HINVLIDORBBEGHG Z KHYREVHYLGY WHI CLQAXADQGWWH I DXMXVEVMAW * LYHD
\KDANIWWDINRD DQ® BHJR  DEMCDAYHYKDYHEHHQ R WRGVAXWHGLQGI T HIHQVRXP V \XFK DAAKHO LGRIBOIGHD DAY / MV
YHQ) WHP RIWFRP PR $ SUH HMQNIOG-GFDARQ\RWHSKRRP HIY 7 KHUHFRYHY R XQEHUXVHG RBAQRDUY
WBVFRSHVE! JURKSVR REVHYHYZ RINQ LQWKUW 7 KHSXUKDHR FRP P HIADOMBVARSHY DUHIED FRWD RORD LI DEHWMUAY/
DHRH) PP $ QGILCDID WHARQMKRAIROR JUDMAMBWARSH/P QD B P HIQVR RZ QUARKUAHY P HDQQ) DQLP SRIQV
FRIBGAIRY , QRUFDH Z HKDYHFKRRHDWLY MXVRSNRY

0 DMIDYDQGP HKRGY RXUSUHYRXVSLRWANV

$ GRRIKWAUQ) P DQ \ HOWZ HKDHEXOVHYHDOMBWRSHY WZDVIQ  ZKHQZ HILQMKHGWHFRQXUKAIROR WUH — FP
6FKP LGNFCP HID/ P OQD DP HSDARRHYQ) DIMIRG/ RN \WH
SUP DY P LLIRYDQG! RQNFRUHARYHSOM/Z KHHIUQEHE DOGSRDKHGE - ROQ* XOUWRP HP BHUR \KH2 BHYDRY R 0 DERFD
DQGZ HWMMGZ IW\KHP GLIHIHQWP RXQIIV $ Gl LP X\ * HIP DQ DQG) RIWRGHY DQGHYHIDCHPRURQE DOGFBAN GUYH)
PHKOQWPV 7KUHS XAH. O ( &&' VZHHOFTXWG
© W DDKHP Z HKDYH FOWLHG RAMKHP DVUMW R \WHDARP HME REVALYDIRQY/GAUQ) \KHOXWUH
\HOWWIRP  ODRFD  $PHEDGHO DUDWG  3LHD ,QDP RP HONRXULQMMRQZ DVHYHQVR HXBEDWK D\P DONIQMS
KH [P WHWUHWBIRYY MGRHWHFRHIGIIHTS [ P LOAM/ DQG\KHRSWAIOX WP \SHHG P DEHXVAKSSRHWH
SRAMELONV\RFRYHUH \WUYHDUDVR WHW. SHIQIKW

) LIXUH



| el [
) UUXWH 7 KHWUHG6 P LGP HIDVR $PHADAEH0 DU 3IHDDG 0 DD

5 HXOVDQG AVAXAWRY  DWU@W \ HO/

$ I WMHHOWAWKUH\ HDY Z HKDYHRBRCHS\VRP HH SHIHFHDQGUWHXAVR . JUHDAP SRANCAH | RUXVEH RIHBHILQQ) WH
FROMWPANOR WHQYZ P WBVWRSH 6RP HR \WWHP RIWP SRMUIRAEROQVDHAVRIXWHS
&&' V 3HKEBVRHR RAUP DQHIRYZ D/AKMICNGQ) DAKDAP RP HQMKDAD FRMAHITE®IV] HSAKLS ARX@ CHYHUBEH DN RGTE®!

7KHQHGR RABQQ) DZ LGHIIHBGP DEHXVARMGUD YHY \KRWRFDOBQIKWAHMIGRY) FP 6P LGNP HIDV \KDWY
RO FP R |ROOBQIKWERP HGHIDRYHFRQHMHIH/UH HIQ) \RWHEZ FROMDWIG\R\WHKLIK DUAHE S HODIR
DSSHIUHG RUQRKNHUZ RB/ QRADEBZ LQJ) \R UK | QAP DIQWNGHY DG \WHDWRP HY TXODN RAEHQ) \WHP RWTFFXUDM

7HRR)\ GYHBSV DGIRMHARIR RUSXAGHY. O ( &&' V ZHFDQRAMQSUHHI® FIP HIDVZ WK P RHH WRLYH
DOGVHMYHFKLSV DQG\WHHRIH WHCHGR YHY \KRWRADOBQIKW U DQLQJ DSOS

5HHIQ \W\WHO0 2817,1* 6 ZHIQNBGRU 6R<P LGP HDVRYHMHAL I HHYANQG/R P RQIMIVEXOR RUHYH/RJ
B \RP HFROERDRAYR WH2 BEHYDRY R 0 DRFD 7KH ZHHDARP DMGE P HDQVR WWHIWHKDG VR VWBIRVRAR 0 HD
YOUMY  DIGARARGGE SIRIUP VGYHBRSHGE XVWURIK/ ; FRP P DB/ 2 XUH SHIHFHP DEHXVGHGHWZ DB/
\WHHBRINRQR 1RINP RQMIVIRIRUQGH. SIRMPNVEHDXVHWWH DUH LORXURSIQRD) WHHDUHEWAYRDARP DIYH Z WRAW ( 0

| @BVRUI IHBURBNRY/ DIGZ HWICNWWDAKH  DUHWHRCH/SIWHRINY  LQIHHIBO ERNUDHRXUDMWEAN.Q) DG \WH HDIHWAR
QXD HWHUHIRY/BR 3( & 7KHHIWSKY ) UXAH  WKRZ WH3HIRAF (| WRUERUHANRQYVSIRGAGE WRR RXUP RQMIV
FOWIQI MP @Y  cm Schmidt tubes. The PEC curves are the average for three different azimuth, 135q 1550and 1750 The
SHIRGR WH; O WVIVHIKWP LMW DIKRAIK WHQP BHY\KRZ FRUIHRNRQWAEY , QWH< O LVWWH SHIRAF HURULY USUHHOMS
LOWQKVR DIAVHRBY

,VV/LP SRR SRQARVKDMMHFRHZ HIHAR\WHP HIGDD \WHP RIHUHIX@UDQGH SHAMG\KH3( & LVEHRP IQ) KRZ HHJ
\KH | DUKHUZ HIHA \KHP RUHWHPXYHLY DSMHG QG FKDQIHG $ QR \KHPXUYHYDESHIURRP SBIMD KRUJ RQBED LQAH GO WU

P INQJ DP HIGDD) @S RY* HP DQRM/ : HEHIHYHWHHH [ HAVDHSIRSAHG HSHADI GAHR\P DOGH LAHAHVIQWH
FRQMEDDAQ) G-BHEQ) ROWHWEHRIHBIRY [QRXURSIQROWYVLYP RIHFUMFDOQ* HIP DQP RQIMIV , VIP SRUIQMR
SRORAWDAMH R0 \KRZ \RP HUAXIV\MIY) RXURZ QP RQMJV
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) UXWH  3HIRAF ( WRUGRUIHANRY/DAKUHHO P X\W / HWRUight: 135q 1550and 17500f two different mountings with similar
GUYHP HKDQW DG RWAIDXEH 7 KHS P HEDGHP DU HIP QP RQMY RQWHXSSHUSDWIQGWHO DERFDI RINP RQMY
ROWHERWP

5 HDMY W\WH2 37,&$/ ' (6,1 ' RAMWARQIGHIQ) \WDNRXUGFKP LGNAP HIDY QGRMDYH\RR UIHWEHY Z HEHTHYH
\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

$ QRKHIGMGYDRQRIH UH HIQ) \R\WKH RSWAOAHP H Z HKDYHBEHHXMQ) GAUQ) \WHHWUHH\ HOLY LV\KDAMFK DVKRWRAO
WDAR UHEAVLQIUHDAP HDUXUHWHFRQASt, especially considering that our sky doesn’t have the best clearness. Our Schmidt
FOP HDVDUHYHY | DIDQGLODEWP RHWDD  \HRB/UHIK PO KRZ HYHJ LQGQIHIH SRKUY R VHYHIDOP LOAM/ \KH
don’t overpass the 18.5 mag aproximately.

W UHHHFHWRUH SHIHFHARAHQQ) WH2 37,&$/ 78 % Z HKDHEHHQYHY OFN \REHH IWURP \WHDGYDQMIH/R
KDVIQ) DFRHWBVRSHY Z W\WH& &' FOP HIDVIQUGH , QRXUP HAMWIBOHIQKXP LG Z HOKHIMHRSWHY VA | HUIQIHHIDQIWHDN
HMURQP HQBOGIUWDEDNRQ

* LYHQWD/AKH FRHWEHY UHSUIRHND JUHDNDGYDRAH LQBEIIHNMBVRSHY GHWRKLIK WHKQFDORRP SB[ LW DGKLIK FRWMKH
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

) RAWHEH RUHP HURHG UDIRQY/Z HSUH HUFGRHVIKRAMHWEHY DOXRIKWH P D EHKHDYLHU

TKH7(/ (68&23( &21752/ KOG\RWBYHESHGE 0 HODUMYKD/SRMHGREHYHY \KFFHXIXAQ
\WHOWAKUH\ O 7 KVLVDYHY HFRQRP LFDOX AP FDX \RSHURP  DQGFOQEHFRNRDGI P RURZ QSIRIUP LQDVHRIG
FRP SXAAL DAH\EP HWP H \WLROK DVHUDCSRYA /. ARPPDQBY ) LIXUH



CCD Camera
FLI 1024

Computer with
Panyc Software

Motor | T l RS 232
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‘ R.A. Motor 2

LX200 Commands
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LPT -1
g = _
- - P ;
Telescope 0.61 m _E .
Computer with
Bartels electronic Bartels Software

YLUXUH 7 HBVARSHFRQUROWKHP H

" XHP DQD \RWHORNR FROMDMIQGWHORNR \WHP RVVKABEDIDUIAVH SU HODAR Z HVKDEWKP DU H\D Q) \KDAKRHWUH

P ) 6FKP LOMMBVARSHVEXOVIWHEDIFDD H A-BARI0 ROKHKYH R BKWREMAN DOG\MY FOQRID EHORHMHG
QRZ DDV EH RIHWH\XQUNVHDQG CMWHVXQANIGG SROUBILRYY VFDURKQ | RUBLIKWARP HV 7 KLV Z LOYEH SURECE®D WH
RO POQWANR \WRHWBVRS/RFHZ HKDHWHQEZ P ZRNQ)

,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 $RMPD DBGPRAQY DORAHPLQ: DV HSRI ZLKD \HRG/H SRKUH 7KHWISHRY
\WHERWWP EHRQJV\RD\DMIDM

) XURHP RUH \WH DUHYHY JRRGWBVARSHABN.GY LP DIHAKAK DVMHRHWKRZ QIOWHIRTZ LQJ [LUXUH ) LIXUWH  + RZHYHU
Z HIRQIGHMWDACRZ DD VKH. DUHGRARH P RINISURSUDMI RURXUZ RINLQDIMIRGY | RTBZ. XS



) WUXWH &RPHAVNADZhang on March 20, 2002. Mosaic of 5images of 60'x40' taken with one of the 40 FP | 6FKP LGN
APHDY ([ SRXHW HVEHEHHD DG WHRB/ $PHEDGHO U * UDADWR  LWURROWRQZ DV QRN W
UWHEHQ) \WH\FDBI

&RFOMRY CESOHG\RWHEXIGHQI R WHQZ AP WBVRSHY

© KIFK DHWWHFRFOMRQVBTAHG Z KHQWMG) \WHFRQIWKANROR \WHQZ.  FP \MBVRSH

| ZHIRQGDYHY FRP STAVRSIFDOGHLIQ WHDAYHD HDX \RSHIRP Z\WIRDODIRVEHEHD DG WMVZRXGRIHJ
DIDKHDGYDQMIH/DHIG. P HMRGHS \IXFK DV \P DTP RQMYV | HZ HMIKRMHI Bf LRYV BZ HJZ HIK DQG\P DIBUHRFP LF

FRI\2 CHSRUEBIVFOMROFKRRHDE! \RP HRMHUSIRWANLY G GALIQY KRZ HYHU DCRMHUSRWMEBIVROMRY \WH

RH\WWDAZ HKDYH QDI ROAMGLVKH. BYWRY GRLIQ

Q<X GMARY GAMIQHEDQRWICDOMBVARSHEDHGRQDVEKHIFDOXULRY $ SUP DY PLURJ $ TXOLORTOD

P HQAXV DQGDVHRIEY QHIDYH®QYDOP LQ] HERQWHRSSRUMMGH + HOFKIHYHEDVP SBIOQGE YHY FRP SCRAK kP

%4 MG WHDDHIG P HQMRGHS | HDMUAY \KFK XVAKH YHY FRP SRV QDG WHEZ. SIRSAINRQFRINILYH\KH\SKHIFDO

\KUDAHY , VBURMGAVH FHIDQWRSWADCSHIRIP DFH GXHSDM® \RWHUHGAHGFRIMANY) GRVAELP HMJ GZ HADQRHWILG
R WHSUP DY GIPHMJ ) LIXUA



F-138cm

107 cm

51 cm
e
<

— 49 cm —

)LUXWH  7KH. GYARY RSWADOGMIQR WH AP QZ \WDVRSHY

VWP SRUBQAR WHW\RHI CRAKDNVRURUSUP DY FP PLURY QR  FP GMBGFHEHE HQIDWH 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
EQQWIFTXUG RAIKO SUPXAYHG  DUHODHG ILQMKHGE P HPEHYR WHRAHYDRY R 0 DCBRFD  7KHIDAWR \WHU
\SKHUUF \KDSH KDY SHIP WG DQHDMHUDQG | DIMUHDER DR ) LIXUH

—— e —

YLUXWH  7KHWUHSUPDY | \VSKHIFDCP LWRYDDHG [LQMWKHS

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

TKIHHESE TKQQG 60 [ PIRRY ) IQHY DNV ZHMDDHG CFTXLHGIRAWHP
7KRHWBVARSH/Z OEHIQWDGIQWH 0 DD $PHEDGHO UDG  3IHDRAVHYDRUHY
© HH SHAWHP \R EHRSHDAYHDAKHHIGR



$ SSHQL

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

YLUXH  9X@Q WHQEZ PRQIMIV $ ONEXTUMMKRMH P SO HDX QIKWIIGEZ FRW



5 HHHFH/

$XAH&E' APHD/KWB ZZZ DMRXU AP DXACHIQE] 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 XWIOQ$ 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




$8&8&85$&< 2) 7T+( : 25/ $67(52," &&' 2%6(59$7,2162%$,1(' %< $0 $7(85
$1' 352)(66,21%/ 2u%6(59$725,(6,1 <56

230%NY 91/ YRY,6,]PO® DBl . 6XP]LD

3XORYR$ WIRRP LFD2 BEHYDRY  6W3HMIEXU 5XWD
, QI R $ SSTHGS WIRRP\  6W3HMYEXU 5XWD

HPOO RBI# 2% VEEHX

3RIUMRY/R WH1 XP EHIHG0 IQRUBMGHNV 10 3V Z KIFK KDYHEHHD VHR FEVHYHYRWHO LGRIBOGHARHOMILQ =+
\ lV/Z HHDXRP DIFDD DROVHGE PHIQVR FOBXOARQR 2 & YDOH/Z W\WHKHS R \KH( 32 6 6R\E DIH3OANDIH

FUDAGLO3XDRYRS WRGRP LFOC2 EHYDRY 0 RHWHD P LARVIQAYIGDCERMRY/R \WH1 XP BHIHG0 LQRUIBMHN

RABIGHGE! SUR HWRIDODQG P DMKURBVHYDRUHYZ HIHVEN-RLQR FRUGHDIRD |, QMIHNFFAHMEG YHURQR Y4RZ HOY

2 IB\MORDUBRIXHFRQEQQ) PRIH WRADQGRIEWR 10 3VZ D/XVHGI RUFDBXDIRY/R \WHUMKHRIANFDOSRINRYDQG

FRP SDUMRQVZ MM \WHREVHYHGRHW 7KHYDOH/R 0 HIQHURUR DMQIGIREHYDARY Z HHFDBXDMS | RAKHP RXR

FROUGHHG REHYDRUHY/ GAUQ) WLYSHIRG 7 KRHHIRWAKRZ \WHOFRXUR R REVHYDIRQY DG SURFHMQY | RUHIFK WBVARSHLQ

\WHDXXP SIRQWDAHIOFPXIR R WHWHRY R P RIRQR HIFK 1 XP BHIHG0 LGRUB@HAVKLIKHAKDQWDAR LWREVHYDARY/

© KHQZHDEDOVHWH 2 & UAGOY| RIRHQIKWDIMRG SRIMRY/Z HREBIGHDD LQMEDO HXP DNRQR DQOFRXUR R

ROVHYDMRY/ P DNGE P ERO IQV [QWH7IE® | RU2 & UMOGON DHFDBXDAMS| RUDKMR G SRIMRY/REIICHS

GUQ \HHDFRHQIKWR REVHYDIRY/Z HFDQGHIYHDY H WO HXP DARQR WHULFFXIR P DGR MPEROH W 1Q

WH7DE®! 2| FRAUH Z HP XWKDYHDBRAR REVHYDIRQ/R YOURXV1 0 3VIQWHVHNRUHIK RAVHLYDRY XQEHUFRMGHDARY

$ QH CP SBIR RXAUDDOMYLVILYHLOWH 7 CEB1Z KUK UBUIAHOM\KH( XURSHDQ REVHYDRUH/REVHYLQY \KH1 HDU( DLW 2 EVRV

DG D/ B SRGEW WH1 XP BHI0 LGRUBMHVDOR 7 CEGFRQEIQKHQP BHUR REHYHG0 LGRIBOIHN \WHQ®P BHUR

DDOVHGSRIMRY \KHLOQWAKP HABCDQGDFARXUR. SOUTP HAMY DQG\BUFDUER) XVHG | RUDWIRP Ha BHBANRYY 7 KHVH7 DEGV

ZHHRBEBQGE DARYIRUHKR  ZRNGQ RAHYDRUHY/DY/SUR HMRIODV/IP DAKY $ WRGRP LFDCFRP P XQW LGFOGY

QRZ DGR [P DAXUMBIROY AU RMBRINRIICR.E'  DIRIRG DG ARP HARBVHYDIRQYZ 1\ DEYDRHGWRKQTXHDQGKLIK

TXOOWV 7KHUWEP D EHXHGI RUDGHAMRQR \HYHDOAHQIVLF SUREBP V

2 XULQMHWM DARQVHHP VAR EHWKH | LIXVR \KDAQG I RAWHO 3& QDB , WARXES EHFRQMHG LI XUUHDQG EHH SDRHG\R\KH

8 QP EHHE0 LRUIBOHV

&$/&8/$7(" ZIW(32662)7: $5( 3XDRYR2 BHYDRY

$FPUR R WH: R@G10 3 REHYDIRYLQ DG\ W IRJ XURSHDQREVHYDRUHY



























$67520 (75< $1' 3+2720(75<2) $67(52, 6%7 7+( $6752120 ,&%/
2%6(59%$725<02' 5% 5(68/76%1" (;3(5,(1&(6
tefan GajdoS $ Glan Galéd, Leonard Kornos, Jurgj T6th, Jozef Vilagi, PDYRO=LIR

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

$ \XPPDY R DWURPHY DQGSKRRP HAL R DIMRG/SHIRP H3 DAKHS WIRGRP LFDC2 EHUYDRY. $2  LQO RADLYVSUIHHAMG
%AJH URXOVR DWRPHU LFOGQ) WH1 ( 2 IRTBZ XS DQGRRQLLP DARQSIRIDP DIHKUIKQIKWMG 5HHQ® DQHIRWWRZ LB/

P LRUSDQHVSKRFP HY LVH SHIGHS ZIWWHDIP R 1( 2 LQAWMDARY 6RPHSIHIP LD IMXOVEDHGRQRUGH
SKREP HM \R\ZDHDHSIHAQMG © HSDQW UHHZ WHDSHIMHSKREPHU R ARP HV AR

» QARGXARRQ

7KH$ WRIRP IFDO2 BHYDRY $2  DAO RAD EHRQIV \R \KH $ WRGRP LFDO, QUMM R \WH ) CFXOV R 0 DKHP DIV 3K\ MFV
DQG, QRP DIFV &RP HIXV8 QYHYW %4DNOYD 6GRYIND DG UAHIUK P DGH WHH LY DP HG DAKH LOQMSDICHIY P DWUDQG
WHEXQ

7TKHREHYDIRY/R DIMRG/DGARP HVDHSHIRP HGZWD P | &ODO=HWWHGERRU &&' 6%* 67 HPHD XS\
-XO WDv67 HPHD IQIWSUP DY IRAXVP INYVLYXVHG I RUDXNRP HY DG SKRRP HY R VRDUM MR ERGHY ' HRY
CERAVWH\MBVARSH DG AP HID AR LIXUDNRQDHGARUIBHGIQ. DR DpRNHADO (1994, 1995), and in KornoS and Zigo (1997).

$VARP HM

7KHILXWYMAVR DXURP HUE REVHLYDRQY Z HH SHURWP H3 DAKRHHG R ) BRP U XOURBHYDARQY/ XQGHKHO LGRU
3OHMHMRRHYDRY FRH  KDYHEH FRIGAWS 7KH @D SIRFHWMQ) VP DGHXMQ) $ \WRP HUMFD\R \B2DWH DANRU+

S5C0E DG 8612 WOUFDBBIXH SHRAO * 6& 7KH SUPDY REVHYDIRY SIRIUP WIWG Z W \KH P 0.Q EHOVDWMR G/
FOAQ) ,7$ ,QXMYMM R 7KHRUANFDOSVRIRP\ 3HMYEXU 5XWD DXMROG/ ,WARQMXHS Z W WHFRHY R \HYHDORH
RSSRIMR) P 0Q EHWDKMRG/ IRTBZ XS R \KH 1 HIU( DWW $ WMIRGY 1($V IURP WHO LQRU3MHARLLFXDLY DG IR W
HBAMRQF YHWRD 0 3( & ZLN PRONO QW R ROVHYDE®I REVIAN FUMFDDDQG XQAKDO@IW DG QMR FRPHN ) RU
LQKBFH 1Q 0 3& UWFAHYHS WH @UHXMP RQAR DIWRP HUF REHYDIRY/ R FRPHV IURP 0 RAD 2 BWRV IURP \KH
2 BSDQUHJGHMFHR 0 3& Z HiH DOR LGFOGHS \R \WH REHYDIRQ \RRQWR\SHHG XS QP BHIQ) DM/ $ QFH B SIRGFWR
WHSIRIUIP Z DVAWRHY R VAYHDO®R HYVR G DAMRG/EHRQILQ) P RY® \R \WH P D.Q EHIV7 KH QVARYHY DM LGRUDHG
XS \R 7KHGRUDH Z KIFK | RIBZ H3 Z DVAXVHE QRARID B AKDQILQY) \WHFP HD 67  Z W @UHJILHER YIHZ Z D/GW
VFOIMYHWDQ67  BXADBR B\ \WH | DRAKDASRZ HIXOWKYH WBVARSH/ ,1($5 BHIDQIWRSHDIRD &XUWHQ® QP BHIG
DXMRGY Z HH QVFRYHIG DAD RAD ) URP DR HUF REVHYDINRYY KDYH BHHQ FRIFHDMG RQ GHZ. 1. $ VARQLUP DIRD
DGIRBZ XS

1( 2 REHYDARQSLRILLP

2Z1Q) \RDSIRIAVIQWHIIHBR P LGRJERAH/ DIWRP HY 1O ZHGAGGWESD |RJ7KH3OMMY 6RAHNVL ( 2

* IDQMQWHFDMIRY R \KH1 HU( DWW 2 EMAW 1 ( 2V IRTRZ XS DQG FRQLLP DR REHYDIRYY 7 R\KSSRVWHKDRP HMR

RAUL(2 CAMW ZHZHHIZDGGE WFHMQ) 7KH* HH 6KR-PDNHUL( 2 * WDQNRU 7KH RBWALH R RURILADD
SIRIEP LV \R \XSSRWDQG H WG WH RIBMUODQG SK\ MFDOFKDUIRMIMIEY R WH NGRZ Q1 ( 2 SROXIMRQ DG ARQUEXM \R \KH
LQMCDIRDCCRARAW LOWHI LHT 7 KIVIGFOGH

D FRAWPDIR) R QZO® GFRHIG XQUXDOREWRANV PRA® 1($V DQG ARPHNV IUP WH 1(2 &RJILPDIRY 3DIH
1(28&3

E IRBZ XSR 1($VZIWSRRO GHMP IGHGREAW \RGZ HIXGFHIBQV SDUIP HMJ

F BUWKW ($VSKREPHY DUWIIEGSRIUP | RIDSRHMQ) LVXQGUSWHEDDIRY

5 HXAQV

$ VD UWWHIUK HAMRIORBVHYDRY WH$ 2 1Q0 RADIP SBP HQMS\WHDOP HG1 (2 IRBZ XS SIRIUP VRRQ DG Ao XM H
\WH DGDQages of a 2small observatory® equiped with a low PHIXP ] HG GMAH $ FRAQ \WR 0 DYG 06 6\WHD



HIFK CRMYH REVAYDRY Z W P R HG LOXRKP HQBINRD LV GHHEHS 34 such (NEO) astrometry being absolutely necessary
RyHJDQ H WEHG SHIRG \R \WDAMKH RB\UDSOIP HMY PD BEHZHDGHMP LQHS DEDMMY R IRTBZ XS LOXMKP HQV Z LOEH
needed®. Asthe powerful NEO surveys produce alot of NEO discoveries, the role of follow XS SURIUP VIVVINOL(RUHDIQ)

3RVIMRQV RI P LORUS@QHW 1(2VIWRP
<HDU | 'F | 0% 1(2 | 2WHU | 7RWO | \RWOVXP

7T0E®Q 7 KHSRANRQ/MBMINAR P LRUSDCHVI URP XQMD D/ RAD

) LIXUH

) LIXUH

) LIXWH
YUXW  \KRZ PROKD IDAWVR FRVHYDARY/R 1 ( 2 VIRP WH1 (2 &RQLP DNRQ3DIHR \WH,$8 0 LQRUSMCHARHIM D/

REVHYHG DAKH $ \WRQRP LFDO2 EVHYDRY 1Q 0 RAD 7KH UDAY UH HJVR REVIAW BHRIH SIHIP LY GALIQDIRY R $ @WH
RAVAVR AP HEY RWIQ D\WJUFRIQURY DHH FOGS DvVZ HIDY \WH P D.Q EHUDWMRGY ' FUIQDNRQ REMAN GHIRAV WH
QPEUR LQAYIGDORIMRN / HIHIG SRUMRY/ GHRM/ \WH QP BHUR  SUHFMH SRIMRY/ R \WHH REMAN |, WARYHY U-SHDAG
RAVHLYDMRQ/R WH\LP HREVIRW

$VDUWAXOR WH1 (2 SRIUP PDQ PIQRUSDHV SHH SRR/ Z HHRAIIGHS Z W DUMGQ) IDARR \WH1 (2 VIPRY
WP \FH7DE®!  7KHQ®PEHUR ROVHYHG REVIAWVIURP \WH1 ( 2 &3 EHRHWH Z HHILYHD SIRMMRDOGHIQ@DIRY/ DVZ HD



DV \WH QP BUR UERWS SUIHHVH SRR/ 1Q DG DHWRZQLQ) LIV 3. The term , observed objects?
GHRM/\WHQP BHUR Gl IHHNRBWRV (RAUHSHDIMG REVHYDARQYVR  \KH\OP H RERAKDAHP DCHG DAL ( 2 &3 TROVAYHIDOAD V
) P \WH QP EHJR DXRP HMF SRR GHRUHDHG GH \R SKRRP HUMF REVHYDMRY/ 7KH GABY R P LQRU BRAHY
DXWRP HAY at Modra can be found in Gajdo HADO(1998), Gal d HADO(2000) and Korno HADO

$ &Y ZIW \WHO RAD 1 (2 REVHYDARY/ \HYHDOREWIRAV DAL ( 2 &3 Z HH [GHQIVLHG Z W SUMRA® NJRZ Q DIMIRGY 7KUH

|GQIVLFDIR)Y Z HH P 0GH DU BFHYLQ) SURMRIOGH 52 61 0 3(& 7 03&
/6 I( 03(& / 7* <3 03(& $
3KRAP HA)

7KH&&' 67 FPHDDAD RADLVHXSSHSZ W WIEG Y0 5, SKREP HUF [LGMY 0 DQD 5 LML XVHG | RUSKREP HY R
DXMIRG/ 7Z R BUWKWP D.Q EHWRENMAW Z W Z HONGRZ Q URIIRDODGG [P SOXCGH AKOIRMIMIPY CPHD DG ZHH
FKRHDI ROV 7 KHUBLLKV@HW DEBZ HS XV\R BTFK CERW P IQWMGH SUHAMRY 7 KH QIKWAXWYHYZ HIH KRZ HYHJ UHDIYH
QRATERW HJ XMQ) / DQERVWWELY  6RP H WAV Z HIH GRH HYHQ RQ D GP P HJO % REVIFW Z W XQNIZ Q SHIRG DG
\HYHIDOL ( $ VXS \R9 7 KHUQMY DV | RTBZ V 78 &% 5% <%

(4 $OR WP FKOQYHSE \WH WU LHTS TXEND ) LIXH  ARQEIQY QIKWAXUYHY I URP \R QIKWR 6RPHR \WH
RKHJ UAXOV Z IQEH DYDDE®! D/ VRRQ DV RXU - DYD \R\EOWH | RU DB JDKHIQ) DQG SRFHMQ) Z LOEH ILQQKHS WXV
Al HHMODSHMUHSKRAP HY \R REBIQWHEWK\@HWR \KHREMANBHIYHWR DVHBRMG FRP SDUMRQ WL
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Rotational phase (P=5.05213 h)
JWUXH  7KHQKWXYHVR REVHYHG DVWO RAD
$ ANGRZ BGIHP HONV
7KV/Z RINZ D/\XSSRWGE \WHE@RYDNSAHNIF* QM JHRA 9(*$ 1R DGR 7KH3@MHAY 6RAHV* HH

6KRPINHIL (2 * UDQV

5 HHHFH/

Gagdo, ., Ga d A. Korno, L.: 1998 $SRAB$VIRY HA HRSK 8 QYHIABMY &RP HQADIH; ;
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7KH2 EVHIYQJ &DP SDLIQDWKH' DYIGHK@MI 2 EVHUYDARU

(UFKOHH) +HEHAYSTE

SRR IHBRAHVR / 1 6\WMOYZ DWH  $
(UKKO HHJ) HG 0 DINOBW $
Herbert Raab, Schonbergstr. 23/21, A

/1Q $XVND

/1 $XWND HIFK P H H# RRHHDV
/1Q $ XD KHEHWITEY XBGHADY

7KHSUWYDM2 BEHYDRY 1Q' DGR QHUJ/ I} $XWMD ,$8 2 BHYDRY &RG3H KDVBEHHQRRHLQDIRP HY R

P LCRUSDQHVDQGFRP HVMGH

$ \MIDVKRWRYHME. RYHMHSDWZ RIN DG WHGYHBSP HQWR \WHREVHYDRY ZH

GHAUEHRXUPAUHWREVHQ) FOP SIUQ FRIFHMDMY ROMMIRTBZ XSR 1(2V ) RIBZ XSFEHYDIRY/R YHY | DIWP RIQ)

DAMRG/ DQGUHFRYHINVR XQUXOCREMRANLO DVHARGG CESOUMRQ DUH RAHUDRARMAY 7Z RUFHWDHXGHY

$& DB

% DvH P SBVIRURXUZ RIN DOG\WHMBEGY IQWHESSHY] OWYRP HREVPWREVHYHG GAUIQY) WH UHRHQM HY/

+ MR R WHREVHUYDARCDCSLRILLP

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
RRVHYDRY FRH

YLUXWH  7KH DAGH®@ 2 BHYDRY DAGAOMN 7KH P
I UH GCRARUYYMEBILQIGH\WWH P SO GP H

+RZHH WHRAWVR WH P | 1HZWRQDQ EDGD
K IHIG IR FRPD DQG JHAY SUHAVH SRUMRYY Z DV D
QlEXOV\BN 7KHHRH WH 1 HZ\WQDQ WHORRU ZDY
WSODRGE D P | 6RP LGADRDIUNQ WBWRSH LQ

Q D FRP SAAUZ W PARP \R\& DH WHBORHG
\WH SURILEP P DE®! SRANHAFDBXORUNDAZ DV XAVHG | RUADD
UBARY [Q DIRPHY : H FRIHWDMS RQ IRTZ XS
RAHYDIRY/ R Q¥ FRPHN DGE \WHHGR CERW

DXURP HAIF SRIMRQY Z HIH RABICHS Z W DKRP H P OGH
P HDXUQ HILCH

,Q H® D &&' HPHD 6%* 67 UWBORG
SRRIUIKF IV : W WH QZ GMRJ DG WH
aAstrometrica® software that we have developed to FOW
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 RBBlCQHS + PR
\KOD WH \REDREVHYDINRQ LQ WH  SUIMRXV \ WY XMQJ
eV

SRQIANR) ZRNW RQ D QZ @JHJ WWVARSH OG D
LARYDH IRN P ROQAVEHID 1Q HO® 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°.

&XUHS RAMW

7KHKUK IDMR 1 (2 QVARYHIHY LQ\KH SDWA HDW BIXLAH
LQMMYH | RIBZ XS REHYDIRY/ > @Z KLFK DUH FOLUHG RAW
B\ D\PDOQ® EHUR SIR HARIORBHYDRUEHY D/ Z HDD/
CP DMXU DAWRGRP LFDO VWMWY 90AVZ KB Q2 GAVFRYHIHY
SRUMG RO WH 1(2 &RQWPDIRY 3D0H UHFHYH KUK
DIWQIRQ B \WH1 (2 FRPPXQW MMJIRMZ XS DG OF
HWEQ REHYDIRY DH IUIXHQ® QIGRAG $V D
UAXOVP DQ 1 ( 2 VOHREHYHGRYHUD YHY \KRWILF RD
DQG WH RUEMID HBP HQNV DU \WHHRH KUIK® XGRHIBOQ
P NG D\BLIHAG UHFRYHY  DAD \MEVHTXHALSSOUMRQ YHY
QAlILEXOV RJ HHD [P SRMED! &XUH® 0D
WHH O MQIGIRSSRIMRY 1 ( 2V 1Q WH 0 3&25%
@EEDH> @21 WHH Z HHREHYHG RMHUDQ



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 $ HBAMRD R REVIAV \KFFHXIX® REVHYHG LV
QMG IQ\BED! R WHDSSH@E[ 0D0Q R WHH PIGRJ
SOHV ZHH D WH WDQH R \R Z LN \KH
| LQMAMBLIHN DURXQG 1 RM \KDAZ H Z HH CE®I \R
H MG \WH REVHYHG DUF VI QULFDQ® | RUDEDR \KH FEVAV
QMG LOWDABE®! $ VKHWN SOIGHXGFHIBIQVR DMQI®H
C5SOUMR) DXMRG DVD @M WPH LV CSSH LP DM
LQMHYHD SUIRSRMRIOR WHVDXOMHR \WHREHYHGOF > @
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 SWHRYHY HIUK [Q LP DIH
DURKLYH/ KHIH RIHMIQILFDQ® BHFRHG

2 \WHMIUJHVR KUK SURIMWDH1 ( 2 VDAFBRVHCBSURORKHY
Z W KK CESDHAWP RIRQ  7KH FRP SXAMJ FRONROR . \WH
Qr P WDWRSH LV [EG W WAN PRIQY REVIRW D
IHOMUH WDMY XCQOYDOMERT DAMP RIALP DU DXIRRP LFDO
RVHWYDRIH $ VHPRIRQR 1DXP RVIQY REVRV RBVHYHG
DARURBVHYDRY LVOWMGIOQWE®R! R WHDSSHX[

) LUXWH  $MMRG 8. 1QD \HRB&E
H SRXH \BNHDRQ IRMHPEU ZIWWH P I
UHGRRUDN DAGHK@ 7 KLV$ \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 HJWIKW

2 FDMRD® ZHDOR SHIRP HS WHRYHY FBVHYDIRYY R
DOV (2V 6XFFRMXOUHRYHIEY R 1( 2V DH OXMG 1Q

\BE®! R WHDBSHE]
7Z RUFHWVDHWEH/

7KH$ SRR WSH DIMIRG

/,1($5 SIRWPARY-DQOY
QAVFRYHY Z DV SEDKHE RY- DAY

$& ZD/GAVRMHHGE WH
DNCHRXW 7KH
> @Z W \WWHRBE\LD

HBP HQV FDDXOMS | URP RAVHODIRY RyHUDQ DF R
WUHHA@V 2 QD \WUHH DE3WNRIDOSRMRY T URP - XY
IR D MQGI RBHYDRY ZHH WBRWS DWZ DB/
H \WEQ) \WHDF \WWRHIKWAD YV : HRBHYHS $& RQ
) HBuo@y 87 DNV H WEQ WHDF B | XKH
@V 7KH IRPDOW SOH XGHWRQN DMKDAMP H Z D/
only about 30° (3s BEXRURBVHYDINRY/\KRZ H5 \KDAKH
object was aready 4' off track. About 24 hours later, we
FRIWPH; RU SRV SRWRY ZIW  DE3WRID
RAVHYDIRY/ : LW \WH DEAMRIPOSRIMRY/ \WH RBWZ D/
VJIQIIQ® IPSRHS HI  WH VP IP DU LV RKOQIHG
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 RAVHODIRY RyHUDQ OF R
VIK® PRHWIQRH@ > @7 KHHKHP HIV \KRZ HG\KDWV
D FRH C5SUROK \R $8 ZRXG RFPAURY) HEXDY
1 HYHWHBW (R DEAWRI0 REVHYDIRY ZHH UHBRWS
XQMD ) HEXDY ZKHQ) WH W SDH X@RHIMQW KOG
dready grown to 3 (3s : H ZHH EH W UHRHJ
% on February 1.9 UT about 35 from the
HHP HIY SRARY 6)XBVHDH®  \WH LP SURYHG HEKHP HILY
SRPSMG D @JH QP EHJ R DEAWRT0 RBHYDIRY B
PR [P DMU DG SIRBMRIDDMRFP HY 0% LD
HHQ5 DADURBVHYDIRYY D/ BHHERRQ) HEXDY

S5HHHAV

OHHJ( 2EHPDU( 1HH/ FP 7THBMRSGU
6WCY DWW DNIGHKD ' HI6\WMIHERM

50E + $WRPHUFD6R\®DH
KWB ZZZ DXRSP HMFDDNV

Tich , J,; Tichy, M., Moravec, Z.: The importance of
IRBZ XS REVHYDARY/IRUIQGHZ © QVARMHHE1 (2V
3OHMY DIG6SFH6AHIH 1R

0 LRUSMHAEHIMU 0 3&25%' DBEDH
I\8 ADI\SKOYDGHX SXEO 3&25%

0XNERI). %WZHD( : DMHPOXR/ + 2UEMD
XEFHWQMVR MQI®! CSSODARQDAMRG/ 3OHMY DG
6IFH6AHH 1R
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- RKRDQR 3DDVD WHP RWKXHHM XOYNXDOAMVRYHHJR DWWLRGY
+ HEHY% O0E

$VRRP IFDOBRAHWVR / 1) 6\WY DWW H  $ 11 $ XD
Herbert Raab, Schonbergstr. 23/21, A /1 $XVNUD KHEHWITE# XBHADN

30WR WH3WRILP PHR 0 $ &( Z D/DWIS \RWHUP (DQVR WHRG3RDREHYDAY $PRY P LGRJ
SOHNRRVHYHY \MVREHYDRLY VP RU® NJRZ QI ROWHZ RINR -R<DQ30DD 7 KLY SCEHUSIRIGVDAKRW
BRIUSKA R -ROQ30DD D/Z HIDARP HIQ RIP DARQCERVKLY GVRYHIHY

300D ZDVALHARUR \WH3RD RRHDRY ILRP XQW  +HAWRHMHE  PLRUSDHVDEGRH
FRPHAGUQ) \KDMPH ,Q KH RN D SRIMRQ DVKH G 9LHID RAVIDRY  +HH KH QVRHIHG
X  PLORUSOCHV DOR YAKDORBHIDIRYY + 1V P RANCP RXV GVARYHY LV SURE®D WH$P RUWSH
DWMRG  $EW/RD 3DDDUP DIQAKHP RIKFFHMXOM\KDOAVRYHHUR DIMRG/

$ WRUNEIRILESK\ R - RKDQQ3 DD

- ROQQ30DDZ D/ERQRY' HAHP BHU LQ7 URSSDX 6LOMD QRZ &] HK 5 HEXEQF
> @ WP W KHWQHSP DK-P DIFVOQGDARGRP\ DAKHS QYHMW R

9 HYD BVWAGQRNUIGOMXQMD  $@HB 1Q KHEHDP HDXMBQADAKH

8 QYHMW REVHYDRY LQ9 HID DYGLOWHI RTRZ LQJ \ HOU KHVRRN D SRIMRQ DARH
ROHYDRY LOQ* HHYD

2Q0 \HWRG 3DDDEHP HAURRUR \WH$ XWDQ1 DYD2 EVHYDRY LQ3RDLQ
3RD QRZ 3X® ZDVKOERUR \WH$ XWIDQ1 DA | URP XQMKHHP SILHR
$ XD+ XQIDY FRASVHGDAKHHEGR © R@: DU,

) LUXWH  7KH3RD2 BEHYDRY LOQWH W R

3DDsa discovered hisfirst asteroid, (136) Austria[3], at Pola on 1874 March 18, using a 6°
UH WIIRRU + HVEVHDH® QVFRYHHGIXWKH) P LRUSOIHV DG RHARP HAD/BRD Z W

WLAP DRQIKP HWV

: KHQWHQE 9 IHDREHYDRY Z DVICDXIXDMSELO B HPSHRJ) g -RHK, KH
was offered a position as 2Adjunkt®, comparable to a modern night assistant. Palisa gave up
KLV SRIMRQDVAUHARUR WH1 DD EVHYDRY DQGOHH-BWG \WHVXER G(DMHP SR P HQV
RO BHDAHKHZ D/CEIWR URAWHD Xse the large 27° refractor in Vienna, at that time the
QU HMWMBVRSHIQWHZ R@B 7 R KDQBB WY \WDVRSHR P IRFOOBQIW DQGWH
GPH P 1QGQLIP HMJ\X R DAMMEQNZ HHX\XOD SIRNGHGW DGWHREVHYH 7 KHWRLY
JRAV\AKDAB BDVD XVHG W VHIG KLY DAMBIRQV VR BHE DAP LG KWEXWARQIMXHG R REVHYH



XQMKHEHNR ¥ Q KDGEIXY WHLOXWKP HONDTDERRH 30D AVFRYHHG | XUKHU
asteroids at Vienna, al by visual observations, using the 27° and the 12° refractor. In

DEAWRQ 30D AVRYHHGHIKWREWRAVWWDAZ HHIGFOGGR B HUIQWH1 * &
ALBRIXH D/Z HODVI RUGHEXCHOMMGLIQWH, & > @

) UXWUH  3RMDWR -R<OQR30DVD

Q KHNRGHG\WHH SHAWRQR \WH) UHIAK DFDGP\ \R REVHYHWH\REDRDUHFIS\H
ROOD R WDNHIU> @ XUQ) \WHHRISVH KHVHDUKHS | RAWWHSURSRHG SDGH/® XG0
Z KIFK Z DV\XSSRVHG\R ALLFBIWH\XQZ LIMQWHRIAWR 0 HIFXY |, QDBAWRQ\R REVHYLQ
\KHHFOSVH 30DV FREDARGLOHRAWI RUKH 1 DXUIDF MRY 0 XVHXP 1Q9 IHID : KHKH
MO KHEP HSPLQRUSDHNV  &DRIXDO\WMHDROR WH/ HMDQGY P LOV
QRUKZ HIWR 7 DKWY Z KHHVMYH SHRMRQVHAKS WHLQWRKP HOMR REVHYHWHHRIS\H

,Q 3DDDOR THHGWRVHDKH@P L WKVWor minor planet (244) for L50 to raise funds
| RUKLVH SHAWNRQWR WHVRBDWRDUHISVHR $ XIXWV $SSOHQ® WVZ DVQRV
\XHHW XO D/ 30D A GRMDYHOR WHH-ISVH DQGWHP LGRUSOHAZ DV @OMUQP HO W
\WH, Q@DRJIREH W6 LY



) LUXWH  View of the 27° Grubb Refractor at Vienna.
,P DJHARA 9 THYXD8 QYHYIW 2 BEVHYDRLY

$ VWWDMP H \WHIHZ HHQR WEBURKDW DYDXOEG R VXSSRYKIVVHIUK | RUQH. P LGRUSDHV
\R3IDDDXVHEWR ALY \WHP C5VRQKVRZ Q $ VWWHHIGR WH W HQMY - RKDQR3DDD
0G0 O : RO LQ+HGHBEH) MOHGIRAH/DGZ RNHGRQWH3IDDWD . RD 6\MIONDWMD
7TKWVZ RN Z KIFK LVWWH I LIWBKRFRIUSKLE WEUD@Y Z DV SKEQWKHS BEHE HHD DG

7Z R\ HY @M 300D SXEQKHGKLY 6 \WLIHIB] INRQ DMEBURDNIRI XHFRYHIQ) \WHWN
BEREHGHX 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 3DDDZ D/IZ DGGZ W WH* BDBUFHR \WH3DUW$ FOG-P\ +HZ D/DOR
KRRUGE PIGRUSDGHV 300D GQWWRYHIGDUGQEPHSE 0 0 : RD DQGR D
Q@UADM) NP LQACP HMJ 3DDDGAHELQ9 IHXDRY0 D

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

7 KHQVHRYHIH/R - RKDQR3DM\D

Palisa’ s discoveries remain targets of modern research: Minor planet (153) Hilda LV\KH
SIRRVSHR \WH+ LGDDIMRG/ RBWY \WWHXQLQ — WWRIDAHZ WK - XS\WWJ $ WMRG
. GRSDAD KWVWWHKHDBICH/1Q Z KHQREVHYDARY/Z W \WH$ UHHER 3QcHEY
5 DI RXAQNWR KDYH DRQXQMXDOERI ERRHWKEEH |, Q \WH* DOBR\VSCAHRIDWGEZ B
, @ WH1 ( $5 \SHHRDVWDAWHGER 0 DKBILQ DAGDIMRG 6ZD
ZIOQEHIO® by target of ESAs Rosetta mission in 2008. Palisa' s most famous discovery is
SFHEO DIMRG $ BHWHQ R® WHVHRG1 ($ 1RXQG W2 DVGWNRQ DIHZ
@ VOWUWGAWRYHY  7KH$ P RUWSHDIMRGZ DVI LD BHRYHIHGLO B WH
6 SCHZ DRK SURWRW
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, HDHD 9IHYXD
)1Q 9IHYXD
31D 9 IHID
. ROIOD 9 IHID

/ LGP D0 9 IHYD
. RCAD 9 IHID
6FRW 9 IHID
3URELMY 9 IHID
1 HX® 9 IHID
+ RRYHID 9 IHID
0 XUD 9 IHID
6XECP DD 9 IHID

SHYHYH.DQW 9 IHID
+ LU/ 9 IHID
* HOVOD 9 IHID

7TCEG 7 KWVMEGIOWDODWRDUM VWP REMFWAVRYHIGE -ROQ30DD > @

5 HHHRHV

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

S$EHKWS O DWH + 0 6AKCHDS (DO DMMRGUAMVHDIK IQ$S XWND 3@CHMY
DAG6SOAH6HHIAH

BFKHDS$  +aupt, 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



2 EVHOYDARQVR &RP HNV 7 RRY DQG 3 HOSHAWHY

Gyula Szabd
8 QYHMWR 6] HHG ' HFBAWR ([ SHIP HQBCBK\ MIFV
H6720 Szeged, Dom't r 9, + XQIDW \JI\# P RHKX

» QMRGXARQ

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-SHIGHQAVHWH RQ \WH HIXLSP HWV XVHG RU RQ WH JHRP HUFDOFRQLIXUIDARY R \KH 6XQ ( DLW &RP HV
VMR GUQ) \WHREHYDARY

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

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

\HYH.DOBFDOGHEY LQ\WH FRP D DQG DV\KH URXOW-BURHEBIYH 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 HV FOIEUDARYY DG UHBARYY \R \KDMKH YDOTE®! REVHYDARY/ Z LAOQRMR EH GWM RU\WH GHEIGG
H [P LADIRY/

61 B/ ELLJIKVgHIAVDQG SUR LBV

%RK \WH FRP D DQG WH \IOR D FRP HVAP LQMKHY \R \WH HEJHY \WDMY ZK\ \KH M H DG BUWIKV@HY
GHMP LQDIRQY DH P BLIXRY 7 KHYWXDORBVHYHUMHH BLLIKWWMUDQG ELJJHUFRP HVZ L\ \P DEPUMBVARSHY \R
\HYH.DOHP SLUFDOUH FDIEUDNRYY DUH BTG Z KB P HILQ) WH GDB R GLTHHQARBVHYHY 7KLY LV Z KLBH
YIKDOREVHLYHY GAMAWKH FRP D DQG WH \BIOH \WQAQ) D SRQAZ KHIH \WH FKOUIRAIMF \XWOFH BLIKVGHN
AP LQ\KH/ XQEHUWHU@P IMWXUDAH EUKVGHY P DIQWMGH 6XUERHY | IQMUWKDQ WY FDQERABH GMIMIXNKHS
IURP WHWN EDANJURXQG 7KLY QP IMP DIQWCH FHIBIQD  KLIK® G-BHIB/ RO \WH REVHLYDINRQ FLURXP \KURH
WHW. DQG\WHWBVARSH \R G | HIHWREHYHWAHHTXMAL T HHASOWR \KH\CP HRENMAW

. W KHS R GIMBOIP DJHSURAHMQ) XQ@P ELIXRXVFKOUIAM] DIRQR WHFRP D\ HLY \WELJKWRZ O RH
\HBRV D \XUCFH BUWKVGHN DAY Z HIDP HDWUIE®! RQWH LP DIH B | DQNHRIK VR\KRZ. WH I QDR R
WHFRP D $ V\WH PXRP DG P DIQWG SHUVIXOUH DURVHRIBY DHXHG Z LW RKHUYDOHY DOR
DFRFBVBE®! 7 KH REVHYHG SOUP HAMULY WHH \WOMRQR \KWHFRP HAYKWIFHZ KHH \WWH\XUDPH EWIKV@HW LV RYHJ
\WH\HBRMG QP AR LV I XOWHUUH HIBG DY IRUH CP S P DIQWEHM] H , QSUIRIAH WHELWKW@HWR WH
FRP HMY P HDXUHG B LGRUDMQ) 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
VIDXOHDPHREG 7 KHDYHIHVKUOAH B KVEHN/ LY FOBXDAG Z W KHS R \WHFRP SCUMRQ WU

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

) RUD P RIH GBI DDOMY RH FIQ H WIPARIRW \VHRIRQY 1 URP \KH LP DJHY ) RUWKLY D SURP IMQY) \RROLY\R
XVHD FRAH I ROVSHRMBOUHBAWRY 7KHZ QA7 LVWEFHG DIRQ) WH ARP HVHI - RQ\WH UDADOMH \WDAGUHRWAR
WH6XQ ) Of QHHBY/ FRHIY LOR P DIQUMGH/ DV GRAUEHS [ERYH 2 Q\MY GDIWP YV RHFDQ \VFH RARD

WHH \WMROR WHARP HVEXWWDVHRNRQR IW\XUOFH BWKV@HNP 08 GVWKVAD IWEWKW@HN SUR LB! Z KIFK
FOQLGFOGHVRP HXVH XOFKDLEAMIMAE GHBIY HJ \RTOUNAV\KDNFDQIRAEH UHFRIQ] HGE\ WHGHMP LGHG M H
MHD I ZH P HDXUH \KH GAXADQG JDV ARP SROHQV VHEODMD  HI Z W QDURZ EDQG | LGMY RU DADWAKMCY

-RQRY, DY WHSIRLGIR WH\®R FRP SROHQV FDQ EH FRP SIUHG ' XWAFRP SROHOV Z LOR WD GRUHDH
| DAMU \RZ DG \WKH 6XQ WH HIHAWR \WH UDADARD SUAXKUH DG \WH \RDU Z1GG LV WASRUEB! |RU\KY

SHRPHRQ



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@Jhter 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/RQWH
UDEXV\WDAZ H XVHG | RUWH GAMP LODARY ) LD ZHDHWRILQGD Q. SDUP HAU WHS$ 1R 6HANRY

Z KIFK Z LGEH \MSE® | RU@MUIH P LQDMRY 7 KH FRP D SUR LB DQG \WH GIDUMP LE SIRLBGIR \WH$ | KR DA
VP SO FROGHARG D/ WH$ IUR SUIRLGILVH CA®  |RUWH L.G-DOARP D DQG \WHUQ! I HHFHLVH CA®  |RU
HHY NQGR FRP TH

.| RH KDV GAMP LGHG \WH FRP D SIR LG \KWH 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 RRKIQ)
HIHAWR WHQ) DG WH PRIRQ R \WH FRP HAGAUQ) WH H SRIXUH 6R RGH KDV \R FDBX@M R QQBUFDD
X P P HMF FRP CH DQG DV \WWH \HFRQG WS EOUDQG WIFH\WHP B\ WHVFHQ) GHOE-G 1URP WMIDUSUR LGV
DQG \WHP RIRQ FDBXOAG | URP \H DSSDUHQAYHBAW DQGWH H SRXUHWP H © KHD \WH UHVKEMG SUR LOH | LW
\WHREVHYHG RAMUFRP D \WHP RGH0FRP DLVIOFAHBAG

7KLY FRP D X\KDED GRAY CRM MWAKH LQQHU FRP D EXVWXQEHIAKP DM/ \WH [0] 7 KDALY FDOHG B\ \WWH \RIG
QFOXVINHD 6R \KH FRP SDUIMRQ R \KH FRP D P R3-DDQG \WH REVHLYDIRYY Z LADUAKXINKH P IQWEH R \KH
QFBXV DV \WH \KSHIORXY QIKWQ WH IQIHUARP D, Q SITRNH \WHQUHRAWZ D LV SHHIHG \WH P R3-DFRP D
FRQELQY D QFBXY Z LW IWEUIKV@HW DV/D | UHH SDUIP HMJ 7 KH P REHDQFEBKVLY\KIIHINMG\R BH D EOUHG DG
WEFHS SRQMRXUAH KDYLQ) \KH DSSURSUDM P DIQWCH 7KIVZ D WH | UHH SDUP HMYR \KH FRP DP R3-D0UH

IWARBCEUI KVEHY LWAESH DQGWH LI KV FROMEXIRQI URP \KHQFBKY

7TKH$ ILKR

7KHH H WV DQ RAVHYE®! Z KK LV LQE-BHEHOAR  WH REVHYDINRQ AURP WEHY QP HD WH $ TR WY
GHLCHSE DY/ WH UHDWMYH OCHDUI LAY [ CARUR GAMADERY WH REVHYDINRQ GUHRANRD Z W KR FROMRQ SOUTP U
\RWHOQFDBKY 6R Z HFDQZ UM

$IRFP@ ) RPHV ' 5 ) WXQ  WR

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 L \KH
FROIMRIOGQIW R \WH REHYDIRQ @H WH GMWUIFH BHEHHD \WH QUHRIR) 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 S®| H CP LQDARY

6HBRAMS H TP SBVZ L@KHS XV\KRZ \RP HGHEIGG H [P LDMRY/R AP HIV 7 KHVHIRXVP D \HBRWSBQEG
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 RRQ R \WH FRP HAGRHY QRADH HAWKH URKOV 6R DV R
HIP LCOM\WH B EDANJURXQG P IRV Z HH T LYXABURFHWHG Z W \WH WMDUP R-OVBEWDRRQWWROR ,5%)
IQSUIPNHZHPDAHD36) SKRRPHN D5 XVHG WH URXGERAP DIHY DY WBUI HH R DG DV \WHVHREG
B \WH CSSURSUDM LP IH/ Z HH PHADQARP BHAHG $1WKR ZDV P HDXUHG LQ* XU ZKHHIHZ HP DWWIRQ
@H/ D THAMKH GAUNARQMOP  \R WH GANMARG 10 LY FRQUGHHG W EH SUIRSRWRCDOWR \WH GG
2 BHDANRQ R JDV HROMRQ LFOGHG WH FOBXOWRQ R \WH LQAYIGDOJIDY SURGANRY DMV Z W KHS R
\GHRRKRAP HY DG RQWHRKHJKDQG ARP SDUIMRQ R \WH JIDY DG GAWBLR LBV 2 BHYDIRY/ Z HIHP DAH
LQ$ XIXWV ) RUDAKHUGAROY RQ AURXP WHY DG FOIEDWRQ/R interference filters see Szab et al.,

7R H WIRWV\KH \KUCFH BIWK@HN FOQH CFRRW \WH QFBXY ZH XVHG WH C5H WIRMBN 10 \KH
7: 2' 63(& IADHIQ,58) $ DUAHRIGZIGH CSHWUH Z D/ \KUWG WURKIK \WH FRP D CFURW \KH
QFEBKV 1Q TR \IP SO GUHANRY 2 HR WP Z DV \WH \RDUDQIYRDU@H  KHHD MU UH HUMG DV UDGDD
VFAIRD  \WHRMHUSH SHIB FXOUVRWHUDADOGURANRY. KHIMWWUUH HHG DAB HOMDHRAIRD

$] 1P XWDID UHRWP DO HG P DIHY DUH VP LOUWR \WH WMGTOLP DIH/ GHIGHG B \WH QLIHHFHR WHARP D
LP DJH DQG DQ DDOWF WDEDOSUR LB + HH LOAMG R DQ DEDOWF | IWZ HMP SO XVHG WH UDEDOARP D LP DIH
UAXGMY) 1URP DQO LP XD DHIIHG ARP DIP DIH 7KH DuH DOR VP LOUWR \WH 6 HNDQCD HRINRQY DV Z HID
YAWIKWSRMYH DDV 1Q \WH UMGXTOLP DIH UH HUVR P DIUH FHW Z KIB GOUN QHIDYH YOOHY \KRZ \MORXY
DDV 7KLY P HKRG HP SKDV] HYWH 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 WMGDD
LP DIHY MWAD/Z HAGI ROWHRWLGDOP DIH/

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

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

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

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

PDIQUEHR * XQQJ 1 RIP DI HGLQMMW R \SDAOYDUDNRY/ LV \KRZ QLQWKH ERMP  / RIODIQMNW UDAR

@ R \SDAIOYDUDIRY LV H SUWHG LQ SHIFHQV DASRINYH DG QHIDAYH SHINV &URKAY UH HUVR \WH WDEDD

VHRNRD Z KIBIVRIG AH\KRZ VIWH\BQHOMOHRAIRD 7KHIPDIW/DH ~ DAVHFWPH/  DAFFIRJ 3 DG
DAHFWH/ DRHFIR) 3 DG& $

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

AWG QAMDMXMH 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 YRIHD



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 SCPAFBRXG LQWH LQQH)  DUAVHF DURXQG WH FRP D DQG | RP H3 DR LP SUHKYH\BIOZ W | RINHG
WUKRMH * DV FRP SRIHQV | BZ HG \R \WH \RDU GLHAINRD Z \W DB RWACR JDV REHYHG LQ \WH\BIO 6 XUCFH
SKREP HY \KRZ H3\WDAKH \XUDFH BIWKW@HW R \WH LQGHURRP DGHRUHDVHG | DXRULQ \WH DQINRDUGUHARD
PDQWAVIQ DFVRQWHUIP DN DG\GZHM\ZOGWHEXQ PDIQWGYIQ DI 7KHRAWM
AP DEHTP HDXOWUHXOU IWDG-GE  PDIQWGVIQ DA \RWHDQNRODUGURAIRQDQG DA \R
WH\RDURH

$V\KH ] LP XWDD UHIRP DI HG LP IH\KRZ V \KH EHKDYRUR \WH LQQHUFRP D LY GAH\R D MANINH RWGZ. \R
\KH DQINRDUGUHWRY FROBIQQ) R \WH\REDIO[ 7KV [HDMH LY GHARBEGIMRAIK DUV RQ\KH
WADOARNVHRAIRY Z KIFK LP STH/D SIRSHJBRIW R NP RQ\KH DXAP SWRQ\KDAKH M \MQ DG @H/
ROWH\RDUWAXY $ ARP SDUMRQ M HHQWH* XQQUDQG&RP HAR.  SUR LW \IIJHXV WDAMFRQAW \RBD
R JIDHRXVFRP SRHQNV 7 KH\BICLY XWX DQG ARX@ EHGHMAMG HYHDEH RIGWHERGHUR WHLP DIH

3 6FKZDWP DQQ: DFKP DQ

7 KLY XQU\XOOFRP HAMLY Z HONQRZ Q | RU LW XQBUHARBEG! RARXYMW VHH ( Q LDQ HADD DG KHHHFA
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
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