WETsjp, \
b 5
.

" AIP

Stellar kinematics
in the Large Magellanic Cloud

Lisa Di Carlo

A thesis submitted for the degree of
Master of Science in Astrophysics

at the University of Potsdam

Supervised by:
Prof. Dr. Maria-Rosa Cioni



Alla mia fortissima nonna,
la mia fan numero uno.

T voglio bene e te ne vorro sempre.



Acknowledgements

I would like to begin by expressing my sincere gratitude to my thesis supervisor OO0 OOI
(000000000 O0o00, first and foremost for her guidance, wisdom, and scientific expertise, but
also for her patience, humanity, and kindness that she showed me throughout these past years.
I would like to thank [0 0IO0IOO OO0O0DO0 for his help with the coding part of the thesis, in
particular for the analysis and processing of the spectra. In addition, I wish to acknowledge
000 00000 00 00000000, whose work on the Small Magellanic Cloud inspired this project; her
studies on the Clouds were extremely helpful, especially for the introduction of this work.

I’d also like to extend my thanks to 00000 000 OO0 00000000000 for kindly agreeing to serve

as second reader of this thesis and for her time and attention.

To my amazing partner, UUU0OI, who has always stood by my side, always believed in me,
and most importantly, always reminded me to believe in myself. Finding you was the luckiest
thing that has happened to me.

I am deeply thankful to my family. My father 0000, who made all of this possible: I know
you hadn’t really a choice, but thanks for giving me the opportunity to move away and live
my life the way I wanted to; my siblings UIOID O O00I00, and my cousins U000 O OIOC,
for shaping the person that I am today: even though we live kilometers apart and do not see

each other very often, I love you all very much, and I am really glad to have grown up with you.

Thanks to all the amazing people I've met during my years in Potsdam, my colleagues and
my friends. Special thanks to OUUIIONION D0000 OOO00000 0000000 DD00 O DO, who have sup-
ported me, laughed with me, and kept me going through the ups and downs of this journey. I
would also like to thank all of my friends from Pescara, in particular OI00I00 0O0O00 O OIDOOOCDO,
whom I miss very much. You have always reminded me of where I come from and have given

me a place to return to, no matter how far I go.

E per ultimo, ma non per importanza, un ringraziamento speciale va a mia madre 0000
(000, che non capisce 'inglese. Senza di te, i tuoi sforzi, i tuoi sacrifici, tutte le volte in cui mi
hai chiesto "Quando ti laurei?”, non sarei qui oggi. Grazie per non avermi mai fatto mancare

nulla.



Abstract

The Large Magellanic Cloud is the fourth-closest galaxy to us and, together with
its companion, the Small Magellanic Cloud, it provides an excellent laboratory
for studies of both galaxy interactions and stellar populations. In this thesis,
I made use of near-infrared photometry from the Visible and Infrared Survey
Telescope for Astronomy and spectra from the Fiber Large Array Multi Element
Spectrograph installed at the Very Large Telescope to study the radial veloci-
ties of a sample of 4000 Large Magellanic Cloud stars, after performing sky
subtraction to clean the spectra, followed by full spectrum fitting using the pe-
nalized pixel fitting routine. I derived a mean radial velocity of 273 1 kms 1,

1. The spatial distribution of

and a velocity dispersion of y =31 + 1 km s
the velocities is consistent with the known rotation of the LMC disk, with stars
on the receding side of the galaxy exhibiting higher velocities. To investigate
how radial velocities may vary among stellar populations of different ages, the
color-magnitude diagram is divided into regions corresponding to stars at dis-
tinct evolutionary stages. One region, encompassing young (20 Myr) main
sequence stars, has a mean velocity of 291 km s ! and stands out clearly against
the 265-285 km s ! range of the other regions. The majority of its high-velocity
stars lie in the known star-forming region Shapley Constellation III. It is plausi-
ble that these stars formed from a dynamically accelerated gas cloud, and they
inherited its velocity. The second-youngest region, which hosts main sequence
stars of slightly older age, shows the lowest mean radial velocity in the sample
and little spatial overlap with Shapley Constellation ITI. A few stars in this area
exhibit low velocities, possibly indicating that they formed before the event that
accelerated the gas. Finally, I compare the kinematics of young (< 1 Gyr) and
old (> 1 Gyr) populations, finding similar mean velocities (276 + 1 vs 273 + 1
km s ! respectively) and dispersions (31 & 1 s ! for both).



Zusammenfassung

Die Grofle Magellansche Wolke ist die viertnichste Galaxie zu uns und bi-
etet zusammen mit ihrer Begleitgalaxie, der Kleinen Magellanschen Wolke, ein
ausgezeichnetes Labor fiir Studien sowohl iiber Galaxieninteraktionen als auch
iiber stellare Populationen. In dieser Arbeit habe ich nahinfrarote Photometrie
vom Visible and Infrared Survey Telescope for Astronomy und Spektren vom
Fiber Large Array Multi Element Spectrograph, installiert am Very Large Tele-
scope, verwendet, um die Radialgeschwindigkeiten einer Stichprobe von 4000
Sternen der Groflen Magellanschen Wolke zu untersuchen, nach Durchfithrung
einer Himmelsuntergrundsubtraktion zur Bereinigung der Spektren, gefolgt von
einer Vollspektrumanpassung unter Verwendung der penalized pixel fitting Rou-
tine. Ich habe eine mittlere Radialgeschwindigkeit von 273 1 kms ! und
eine Geschwindigkeitsdispersion von y = 31 £ 1 km s ! abgeleitet. Die
rdumliche Verteilung der Geschwindigkeiten ist konsistent mit der bekannten
Rotation der LMC-Scheibe, wobei Sterne auf der sich entfernenden Seite der
Galaxie hohere Geschwindigkeiten aufweisen. Um zu untersuchen, wie Radi-
algeschwindigkeiten zwischen Sternpopulationen unterschiedlichen Alters vari-
ieren konnen, wird das Farb-Helligkeits-Diagramm in Regionen unterteilt, die
Sternen in unterschiedlichen Entwicklungsstadien entsprechen. Eine Region, die
junge (20 Myr) Hauptreihensterne umfasst, hat eine mittlere Geschwindigkeit
von 291 km s ! und hebt sich deutlich gegeniiber dem Bereich 265285 km s !
der anderen Regionen ab. Die Mehrheit ihrer Sterne mit hoher Geschwindigkeit
befindet sich in der bekannten Sternentstehungsregion Shapley Constellation III.
Es ist plausibel, dass diese Sterne aus einer dynamisch beschleunigten Gaswolke
entstanden sind und deren Geschwindigkeit geerbt haben. Die zweitjliingste Re-
gion, die Hauptreihensterne leicht hoheren Alters beherbergt, zeigt die niedrigste
mittlere Radialgeschwindigkeit in der Stichprobe und weist eine geringe raum-
liche Uberlappung mit Shapley Constellation III auf. Einige Sterne in diesem
Gebiet zeigen niedrige Geschwindigkeiten, was moglicherweise darauf hinweist,
dass sie vor dem Ereignis entstanden sind, das das Gas beschleunigte. Schlieflich
vergleiche ich die Kinematik junger (< 1 Gyr) und alter (> 1 Gyr) Populationen
und finde #hnliche mittlere Geschwindigkeiten (276 4 1 vs 273 = 1 km s 1, jew-
eils) und Dispersionen (31 + 1 km s ?* fiir beide).
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T?QHQ;B+ H +? ° +i2 BbiB+bX /2b+ BTiBQM Q7 i?2 Q#b2 p iBQM |



i2Bb T°QD2+i rBHH 7QHHQrX 6BM HHv-i?2 +? Ti2 " BMi'Q/m+2b i?2:
# B2~v T°2b2Mib i?2 b+B2MiB}+ KQiBp iBQM #2?BM/ i?Bb rQ FX

RXRBbiQ'v Q7 i?2 /IBb+Qp2 v Q7 i?2 irQ *HQm
i"Qp2 bv Q7 i?2B M K2

h?2J ;2HH MB+ *HQm/b "2 M K2/ 7i2°62"M%Q /2J ; H?%2b U62"/B
#2bi@FMQrM 7Q #2BM; i?2 }'bi 1m QT2 M iQ QT2M K 'BiBK2 i /
S +B}+ P+2 M BM R8RNX

>Qr2p2°-J :2HH Mr b MQi M bi'QMQK2> M/ r b MQii?2 } biiQ /2L
i?72aK HH M/i?2G “:2*HQm/br2°2 FMQrM BM i?2bQmi?2 M ?2KBbT
HQM; #27Q°21m QT2 Mbc T2i'Q;HvT?b M/ Q+F/ rBM;b BM *?BH?2
i iBQMb Q7 i?2KX 1p2M B7 i?2b2 TQTmH iBQMb ? / MQ r' Bii2M H M
T2 bBbi2/, ++Q2MBWZ UDHNY- i?2 hmTB@:m ° MBT2QTH2 7°QK i?2 B
‘BQM BM "> xBH BMi2 T 2i2/i?2irQ *HQm/b b 7QmMi BMb-rBi? i T
Q' TB; U bbQ+B i2/ rBi? i?2 aJ*V /'BMFBM; 7°QK i?2KX AM i?2 b |
i?72 J Tm+?22 T2QTH2 Q7 *?BH2 /2b+ B#2/ i?2K b TQM/b- FMQrM B\
Q J2MQFQ- HQ+ i2/ BM i?2 q2Mm J Tm-i?2 mTT2 rQ H/ Q  ?22 p2M
G2m7m- i?2 6°Bp2° #Qp206 +Q "2bTQM/BM: iQ i?2 JBHFv q vX h?Bb
"2H iIBQMD?BT #2ir22M i?2 Jg M/ i?2 J*brb H2 /v +QM+2Tim HH\
QX KQ'2bTB'Bim H M/ 2HB:BQmb BMi2 T 2i iBQM Bb 7QmM/ K
mbi> HB - r?Q “2; '/ i?2 *HQm/b b i?2 TH +2 r?2°2 bQmHb ;:Q 7i2°
KQ/2"M@/ v h MX MB - r?Q 2MpBbBQM i?2K b K M M/ rQK M bl
# BM:BM; ?2 pv  BMb /m BM;i2HQBMXWHX¥XQM U

h?2 2 "HB2bi FMQrM "2+Q / Q7 bFv Q#b2 p iBQMb i? i KB;?i 272 Z
i?72 amr - H@E r FB# U"QQF Q7 6Bt2/ ai "bV-r BiizM "QmM/ Ne9 #
#/@ H@_ ?K M H@Qam}Xo>BWiTBBBHKPQFHMiI2 bm+?mM;2M C#2 /B2
"2Q# +?2IimM;2M /AU OHBDMP B+ H BMp2biB; iBQMb QM i?2 bi QMQKI
M+B2MiR-R3IWe +? QMQHQ;Bbi M/ bi QMQK2 Gm/rB; A/2H2 -i M
BM+HmM/2b i?2 7TQHHQrBM; bi i2K2Mi,

o0lIMi2" /2M 6Cbb2M /2b am?2H Ui?2 +H bbB+ HM K2 7Q * MQTmbV
2BM r2Bbb2  6H2+F- XXX /2M K M BM h2? K 1H@# F - /2M |

0IM/2 1?2 7221 Q7 i?72 am?2H Ui?2 +H bbB+ HM K2 7Q * MQTmbV &
bTQi- XXXr?B+? Bb+ HH2/ BM h2? K 1H@# F - i?2 Pt



1p2M B7 MQ +QQ /BM i2br2 2 ;Bp2M-Bi Bb #2HB2p2/i? ii?Bb 272"t
7 pOm" #H2 r2 i?2° +QM/BiBQMb- +QmH/ #2 b22M 7°QK bQmi?2 M
2tTHQ 2> M/°2 *Q'b HB i® p2HH2/iQ *Q+?BM QM i?2 bQmi?r2bi +C
H2ii2*® W-R8Rd2b+ B#BM; ?Bb 2tT2 B2M+2b M/i?2bQmi?2 M bFv- -
+H2 "Hv b?QrBM; i?2 irQRNEM/M Q6R;X/ i2/ C Mm v ei?- R8R8- 22 r

0AH TQHQ Mi 'iB+Q MQM ? bi2HH H+mM /2HH bQ i2 /2H TQHQ
+QM; 2; i2 BMbB2K2- +?2 bQMQ +QK2 /m2 M2#mH2 (i?2 *HQm/b)- m
MM TQ+Q Qb+m 2 M2H K2xxQX h™ [m2bi2 M2 bQMQ /m2- MQM KQH

TQ+Q bB KmQpQMQ, 2 [ m2HH2 /Im2 bQMQ BH SQHQ Mi

6h?2 Mi +iB+ TQH2 ? b MQ bi " Q7 i?2b K2 M im'2 bi?2 "+iB+ TQ
b22M ; i?72°2/iQ;2i?2 -7Q KBM; bQK2i?BM; HBF2 irQ M2#mH 2 (i?

7°QK 2 +? Qi?2° M/ bQK2r? i/ "FBMi?2 KB//H2X KQM; i?2K-1i?2"2
H ;2 MQ p2'v # B;?i-i? i KQp2 HBiiH2, M/ i?Qb2irQ "2i?2

6 QK i?2 2 Hv RNi? +2Mim v-rBi? i?72 BM+'2 b2 Q7 /2i BH2/ Q#b2 p
HbQ ;' 2rX AM R3k3- C K2b mMHQT K /2 i?2 }' bi T'2+Bb2 bF2i+?=
>2°b+?2H + i HQ;2/ MmMK2 Qmb bi " +Hmbi2'b M/ M2#mH 2 rBi?BM
7QmM/ iBQM 7Q° 7mim 2 bim/B2bX AM i?2 2 "Hv kyi? +2Mim v- >2\
i?72 T2'BQ/@HmMKBMQbBiv '2H iBQM Q7 *2T?2B/b BM i?2 J*bX h? MF
IM HHv mM/2 biQQ/i? ii?2aK HH M/ G ";2*HQm/b "2irQ ; H tB2b
gv-H VBM;i?2 ;" QmM/rQ " F7Q i?2KQ/2"M mM/2 bi M/IBM; Q7 i?2 b-

Airb BM b+B2MiB}+ Tm#HB+ iBQM BM R39d i? i gBHHB K >2 b+"
M K2 6J ;2HH MB+ *HQm/bd6- BMPM2IRIBQNW RMvMiBAHRH 2 Q J ;2HH M
U2 b+R3IWVd bm;;2biBM; i? i #Qi? i2 ' Kb r2°'2 biBHH BM mb2 ii?2 iBK
Hi2 RNi? +2Mim v- i?2 i2 K Lm#2+mH r b biBHH #2BM; mb2/ BM b+
0J ;2HH MB+ *HQm/bé r b bi "iBM; iQ KQp2 7 QK M miB+ H +B +H2
bT?2 2b- "2TH +BM; Lm#2+mH 2J DQ M/ JBMQ QMHvV QM+2 b+B2
U2MM 2 7IRyHW X

h?2 T'Q#H2K rBi? i?2 +?QB+2 Q7 /2/B+ iBM; i?2 *HQm/b iQ ?BK Bb
MQi i?2 QM2 r?Q /Bb+Qp2°2/i?2 irQ *HQm/b- MQ r b ?2 M bi'QM
"QmM/ i?2 :HQ#2- 22 2MbH p2/- FBHH2/- M/ #m M2/ /QrM i?2 ?2QK:
7Q°imM i2Hv- /2bTBi2 ?Bb +QMi Qp2 ' bB H +iBQMb-J ;2HH M&b M

BM bi'QMQKVX h?2 mT+QKBM; :B M¥ F 2 HHMWVHN2H B2 QAQMbi m+iE
* KT M b P#b2°p iQ v BM *?BH26b i + K .2b2 i M/ 2tT2+i2/ iQ #2 -
QMHvV i?2 H i2bi 2t KTH2 Q7 ?2Qr ?Bb M K2 +QMiBMm2b iQ #2 +2H2#

R2iiTb,ff;B MiK ;2HH MXQ " ;f



6B;m 2 RXk, Ai HB M 2tTHQ 2" M/ 2 *Q'b HB6b/ rBM; Q7 i?2 aQm
H2ii2  iQ :BmHB MQ /2 J2/B+B-i R&MeX *V20Bil.2r aQXmi? q H2b

Rd-yyy T22 @ 2pB2r2/ ‘iB+H2b #2 "BM: ?Bb M K2- HQM;bB/2 Hm!
i?72L a J :2HH MbT #2HQBi tkyX¥- ?Bb T 2b2M+2 BM i?2 }2H/ Bb ? °
h?2 7 +ii? ii?2b2 i2H2b+QT2b M K2/ 7i2° ?BK "2 HQ+ i2/ BM *?BH
b? T2/ #v i?2 pBQH2Mi aT MBb? +QM[m2bi- Bb HKQbi TQB:M Mi, B
i?2 ai” Bii? i #2 b ?Bb M K2 i? i HHQr2/ aT MBb? +QM[mBbi /Q b i
r?B+? 2p2Mim HHv H2/iQ :2MQ+B/ H + KT B;Mb : BMbii?2 M iBp2 .

"2+ mb2 Q7 HH Q7 i?2b2 "2 bQMb- BM ?2° "iB+H2 BM i?2 DQm M
/12 HQ _2v2b + HHb 7Q i?2 AMi2 M iBQM H bi QMQKB+ HIMBQM ic
M/ i?2 Qi?2° bi QMQKB+ H BMbiBimiBQMb, 6A M/ K Mv Qi?2" bi
MQKB+ HQ#D2+ib M/ 7 +BHBiB2b b?QmH/ MQi #2 M K2/ 7i2  J ;2H
pBQH2Mi +QHQMB HBbi H2; +vX (XXX) L K2b "2~2+i +QKKmMBIiv p F
TH +2b 7i2° T2QTH2 ? b HQM; #22M r v 7Q bQ+B2iviQ ?QMQ" BN\
i?72B° ++QKTHBb?K2Mib- Q i?2 p Hm2b i?2v bvK#QHBx2X J ;2HH |
2 B2b- M/ 7Q K Mv-?2 +QMiBMmM2b iQ #2 bvK#QH Q7 BKT2 B HB
(XXX) g?2M r2 mT?QH/ i?2 M K2b Q7 T2QTH2- bm+? b J ;2HH M- r
+iBp2Hv + mb2/ ? "K-r2 HB2M i2i?2 +QKKmMBiB2b r?Q ? p2 #22N
i? ibmz2 2/ #2+ mb2 Q7 J ;2HH M ? p2 B+? bi QMQKB+ H i /BiBQ
i? Mg2bi2 M QM2bX 1p2M rBi?BM i?2 }2H/ Q7 T Q72bbBQM H bi QM
Bb? +QHQMBxXx iBQM +QMiBMm2 iQ i?Bb / vX 6Q 2t KTH2- A Ki?2}
[2b+2Mi iQ #2+QK2 M bi QMQKV T Q72bbQ BM i?2 IMBi2/ ai i2b-B



iQ "2bQm +2b ? b ?BbiQ B+ HHv T 2p2Mi2/ 6BHBTBMQb 7 QR T 'iB+
HQb 2k@hg T :2 kVX

RXkh?2 G ;2 *HQm/

h?2 G ;2 *HQMRWEB|X /Bbi M+2 Q7 TT QtBKS B2H \x 8y e ARNH X

Bb QM2 Q7 Qm" +HQb2bi M2B:?#Qm’'b M/- b “2bmHi- bi M/b b i?
B 2:mH "~ : H tvX "2BM: QM2 Q7 i?2 KQbi 2 bBHv Q#b2 p #H2 : H tl
i72Jg-Bi? b#2+QK2 #2M+?K "F7Q bim/B2bQMp 'BQmbiQTB+bX
QM bi2HH ~TQTmH iBQMb M/ i?2 BMi2 bi2HH ~ K2/BmK UAaJV- Bb
Q7/ 'FQ#D2+ibBMi?2: H +iB+> HQi? Qm:? KB+ QH2MbBM:- M/-
7mM/ K2Mi H QH2BM /2i2 KBM iBQMb Q7 i?2 +QbKQHQ;B+ H/Bbi M
MmM/2 bi M/BM; Q7 i?2bi"m+im 2 M/FBM2K iB+#/Q7I1228¥XBb 2b

h?2 GJ*Bb ; b@ B+? ; H tv- M/ Bib bi "b "2 /Bbi'B#mi2/ B " 2;mkF
BM ~ i /Bb+ iBHi2/ i M BMH{H8NMBIiBQRbDZ+B iQ i?2 HBMB@ DVE@ b B
21 HRykdc B *QHH #Q  IiB@YWKRI 2HHZM i?7Qm;? i?2°2 "2K BMb H ;21
BM i?2 HBi2° im2 QM r? i i?72 BM+HBM iBQM M;H2 BbX h?2 ; H tv
T?QHQ;v-rBi? M Qzb2i# M/ /QKBM MibTB H "Kb? TBM; Bib
i? i/2}M2 r?QH27 KBHv Q7 ; HtB2bFMQrM b B2@K MBHKYKB Hb
h?2b2 ; HtB2b "2 [mBi2 +QKKQM BM i?2 IMBp2 b2 M/ "2 KQM; i-
bB/2/ bvbi2Kb Q#ba p2QUnH2m b -BNWK HP2 Q B;BM Q7 i?2B"° bvKK
2K BMb MMFMQrM- 2bT2+B HHv +QM+2 MBM; i?2 7Q K iBQM Q7 i
i?72 /Bz2 ' 2Mi bm#@+ i2;Q B2b Q7 aK ; H tB2b- i?2 GJ* Bb +H bbB}z
J ;2HH MB+ # ~"2/bTB™ H; H tvX

h?2 27?2 p2 #22M K Mv BMp2biB; iBQMb 7Q+mb2/ QM i?2 GJ* M/ Bib .
h?2b2 bim/B2b ? p2 2p2 H2/ p BQmb KQ ' T?QHQ;B+ HT QT2 iB2b
;2 Q71?2 bi "b, 7TQ*ROKBHEyWXb?Qr2/i? i QH/2 bi "bUrBi? ;2b =y
/IQKBM i2i?2 ; H tvéb K bb M/ i2M/iQ 7Q K '2:mH “Hv /Bbi'B#mi2,
TQTmH iBQMb U ;2 1 yX8 :v'V /BbTH vKQ 2B "2:mH ~ > M;2K2Mikt
72 im 2bX

h?2 bvKK2i'B+ H # - QM2 Q7 i?2 KQbi bi'BFBM; 72 im 2b Q7 GJ*
BM QTiB+ H M/ LA _r p2H2M:i?b #mi #b2Mi BMm?2 XAM Eb KB bd irB#an

K MB Wy YWIX Ai Bb Qzb2i 7°QK i?2 +2Mi2° Q7 R?EBHGI? " bREFURX :
o m+QmH2m b -RIEEK IMQ 2 24k Ho8# M/ TT2 b iQ #2 2HHBTIB+ H BN\
2 bi M/~ iBMi?2MQ i?@r2biX h?2# ~Bb HbQr T2/ bQi? ii?22 b
iQi?22Jqi? Mi?2 KB//HRA2K;XBYWYX 2+2Mi L@#Q/v 2v/ Q/vM KB+
H iBQMb bm::2bii? i +QHHBbBQM #2ir22M i?2 GJ* M/ al* #Qmi R¢



6B;:m 2 RXj, *QHQ  +QKTQbBi2 BK ;2 Q7 i?2 GJ*-r?2 2i?2u# M/Bb
M/ EBM “2/X * 2/Bi, 1aPfoJ* &M MR 24y R

mMmbm HT QT2 iB2b Q7 iP2QG 2 *Bik WM AM i?2B° M HvbBb-i?2v b
#27Q°2i?2 +QHHBbBQM-i?2 bBKmH i2/# r b +2Mi2°2/-+Q@TH M
7i2°i?2 +QHHBDOBQM-i?2 bBKmH iR/X:B FBb / BOMHHIBRIRHVM/ : b@ 7 2.
BM/B+ iBM; i? i i?2 BMi2  +iBQM rBi? i?2 aJ*? / bB;MB}+ Mi BKT -
GJ*ob # X

h?2 Q#b2 p2/ bvKK2i'B2b BM i?2 GJ* ? p2 Q7i2M #22M ii B#mi2l/
KBMQ K2'72bbX 2ikhRK bim/B2/ i?2 bT2+B}+ + b2 Q7 i?2 GJ*@alJ*
MbBM; L@#Q/v bKQQi?2/@T "iB+H2 ?v/"Q/vM KB+b bBKmH iBQMb i
i?72i?°22 ; H tB2bX h?2v7QmM/i? ibm+? BMi2" +iBQMb + M 2tTH E
M/ bBM;H2 K- br2HH b i?2 Q#b2 p2/ H ;2@b+ H2 72 im 2b Ub2:
bm;;2bibi? i i?72 K BM /'Bp2 b Q7 i?2 Q#b2 p2/ KQ T?QHQ;v M/ +Q]
KQbi HBF2Hv BMi2" +iBQMb #2ir22M i?2 GJ* M/ i?2 aJ*- r?BH2 i?:
BM~m2M+2X h?2 " "BivQ7i BTH2 bvbi2Kb HBF2 GJ*@aJ*@Jq- +QK"
2M+2 Q7 aU"VKb BM i?2 IMBp2 b2-bmTTQ ibi?BbBMi2 T 2i iBQM- I
bi'm+im 2b + M /2p2HQT 2p2M rBi?Qmi M21B#WJ3y @ KBMXS H tv U

J ;2HH MB+ avbi2K

h?2 +HQb2 2M+QmMi2 b #2ir22M i?2 irQ *HQm/b +2 i2/irQ bi"m+im’
aK HH *HQm/b, i?2 J :2HH MB+ ""B/:2 M/i?2J :2HH MB® ai’ 2 K- b?



6B;m 2 RX9, aBKmH i2/; b /Bbi'B#miBQM Q7 i?2J ;2HH MB+ avbi2
:H +iQ+2Mi'B+ +QQ /BM i2b Q7 HQM;Bim/2 M/ H iBim/2X h?2 +QM
Ti?7Q7i?22GJ*-r?BH2i?2/Qii2/ HBM2 Bbi? iQ7i?2 aJ*X h?2 +QHQ
BM/B+ i2b i?2 /2MbBiv U7 QK HQr2" iQ ?B;?2°V Q7 i?2 ?v/ " Q;2M ;
ai 2 K M/i?2 "' B/;2 +QMM2+iBM; i?2 irQ /r "2bhHl PB&ZBHRAE 2¢Bi,

# +F; QmM/ BK ;2 #v t2H J2HHBM;2 X

h?2 ""B/;2- IBb+QpBN/K#tW 2LRNMj} Bb +QMiBMmQmb bi'2 K Q7 KQ
?2v/"Q;2M ; b i? i +QMM2+ib i?2 irQ *HQm/b- i  p2HBM; 7 QK i?2 aJ*
2t?B#Bib bi2HH " TQTmH iBOQMIBM WK bBRAMCXB tHv Q#b2 p iBC
"2p2 H2/ vQmM; bi "b-T "iB+mH "Hv BM Bib r2bi2 " M T i rBi? MQi #
"2+2Mibim/B2b ? p2 B/2MiB}2/ BMi2 ' K2/By2@v;,20M/:QH/ bd rdbHH U 2
" 22 B 24k HRXFQr QM BiyRA/2i2+i2/ vQmM; bi2HH "TQTmH iBQM 2
2°MT "iU2p2M i?2Qm;? i?2 MmK#2 /2MbBiB2b BM i? i "2;BQM "2 Km
"B/;2V-T QpBM; i? ii?2°2Bb +QMiBMmMQmbbi'2 KQ7vQmM; bi "b
HbQ 7QmM/ i? ii?2 BMi2 ' K2/B i2@ ;2 TQTmH iBQM-bm+? b "2/ ;B
;B Mi # M+? U "V M/ 2/ +HmKT U_*V bi "b 2ti2M/b bvKK2i'B+ HH
+H2 " BMi2  @*HQm/ +QMiBMmBiv Ubm;;2biBM; iB/ Hbi BTTBM;V-r
"V 2t?B#Bib QMHv KBMQ"™ GJ*faJ* KBtBM; BM i?2 bQmi?2"M ""B/;
? HQ Qp2 ' H TX

h?2 ai’2 K-} bi bB;?i2/BM2RN¥8 M/ HBMF2/iQ i?2 *HQ@m 2 BIMORIN D 9
2i HRNWYS Bb M 2ti2M/2/i BH Q7 M2mi~ H M/ BQMBx2/: b i BHBM
"QmM/ i?2 JBHBVIg2MX QM 20RMMO HbQ /2i2+i2/ +QmMi2 T "iiQi?2 ¢
i?2 Qi?2  bB/2 Q7 i?2 *HQm/b-i?2 G2 /IBM; KX gq?2M +QMbB/2 2/
bi*2i+?22R2WMp2"Qbbi?2bFMPB HQYREe K FBM: BiQM2 Q7 i?2 KQbi T°
- b2Qmb bi'm+im 2b BM i?2 pB+BMBiv Q7 i?2 JgX h?2kiQF M K bb Q7
+QMbBbiBM: @T1EMUC" CMb 2i kA8 M/ BQMBxXx2RXBIB M c 2X;X

"2 20 - KYRX



RXKXRmibFB ib Q7 i?2 GJ*

h?2 bi2HH >~ QmibFB ib Q7 i?2 *HQm/b b?Qr +QKTH2t KQ ' T?QHQ;v
bi'm+im 2b M/ bi2HH ~Qp2 /2MbBiB2bX h?2b2R72% PrB +2bb ? D BHK M b i
Q7 i?2 bi2HH T2 'BT?2 v /2 Bp2/ 7 QK LAH ©Q nb IQEmPZKEA-EXU

6B;m 2 RX8, ai2HH ~bm#bi m+im 2b Q 71il? 21 ®kinQ in Doy KRELRHQ K BV@

M2Mi 72 im2b BM i?2 QmibFB ib Q7 i?2 GJ* BM+HmM/2 LQ i?2 "M am#
im2b R M/ k- M/ aQmi?2 M am#bi ' m+im 2b R jX *QQ ' /BM i2b "2 ;
.2+ "2H iBp2iQi?2 GJ* +2MiRV 4 W3RXk9é-s2NXdj&cmH2m b -6 22K
RN WK

PM2 Q7 i?2 KQbi T"QKBM2Mi 72 im 2b Bbi?2LQ i?2 M am#bi m+im":
U V 4 3RXKk96é- .2+HBM iBQM P .2+Y 4]+8DXdjEBMMNE h?Bb bi m+im"
Bb T iB+mH "Hv T'"QKBM2Mi BM i?2 QH/ bi2HH ~TQTmH iBQM U_:"-
mT iQkyé 7°QK i?2 GJ* QTiB+ H +2Mi2° U_ 4 3RXk9é- .2+ 4 +eNXdjé
T 2b2Mi KQM: vQmM:2 bi2HH ~TQTmH iBQMbX

PM i?2 2 bi2 M bB/2 Q7 i?2 GJ*- irQ //BiBQM H bm#bi'm+im 2b ?
T QtBK i2HVU_ 4 eeXk9&- .2+ 4 +e3XdjéV M/ U_ 4eeXk9&- .2+ 4 o¢
iQr */i?2 : H +iB+ /Bb+X qBi?BM i?2 vQmM: bi2HH > TQTmH iBQM-
b2[m2M+2 M/ bmT2 :B Mibi -1 bi2 M am#bi 2 omm2 RyR2¥sRTQ"
70°Kb M TT QtBK i2Hv +B +mH ~ 72 im 2- r?BHEZ 1> VD erh 2b i b
kykR TT2 b b i?BM bi2HH " bi 2 KX

aQmi? Q7 i?72 GJ*- aQmi?2 M am#bi m+im 2 R U_ 4 dNXk9é- .2+ 4
am#bi ' m+im 2 k U_ 4 3dXk9é- .2+ 4 «dNXME2&6Vi-IK RQM#NDIVQ7 r?B+7?

N



"2KQ '22pB/2Mi BM i?2 QH/ bil2HH HQ mb® DMy XBRRHINKARP M 7m " i?2° bQmi
HQr@/2MbBiv bi2HH "~ 2ti2MbBQM bm™ " QmM/b i?2 ;HQ#mH ~ +Hmbi2
bi'm+im 2j i TT QtBK i2Hv U_ 4 3jXk9é- .2+ 4 «3dXkjéVX >Qr2p2"-
rBi? aQmi?2 M am#bi m+im 2 R "2K BMb mM+2'i BMX q?BH2 aQmi?
T 'iB+mH "Hv 2pB/2Mi BM K Tbh # b2/ QM GJ* T QT2  KQiBQMb-aQm
T2 "bBMK Th /2°'Bp2/ 7' QK i?2 aK HHJ ;2HH MB+ *HQm/- bm;;2biB
#2ir22M i?2 irQ bvbi2KbX

RXjP#b2 p iBQM H . i M/ AMbi mK2Mib

6Q  i?Bb T°QD2+i- ArQ F2/ rBi? bT2+i" +QHH2+i2/ 7°QK i?2 }#2  «
aT2+i"Q;  T?U6G JlaV M/ T?QiQK2i'B+/i 7°QKi?20Aah bm p2vb
‘Bp2b b?Q i /2b+ BTiBQM Q7 i?2 BMbi mK2Mib M/ / i b2ib mb2/X

RX]XB?QiQK2i'v, i?2 oAah am p2vb

S?QiQK2i'v /2 Hb rBi? K2 bm BM; i?2 # B;?iM2bb Q7 bi b i?2 " Qm;?
BM7Q K iBQM #Qmi i?2B° HMKBMQbBiv M/ +QHQ bX h?Bb i2+?M
b KTH2b- HHQrBM; mbiQ /BbiBM;mBb? #2ir22M /Bz2 2Mi bi2HH T
K ;MBim/2 /B ;> KbU*J.bV-mb2/iQ B/2MiB7v bi b 2pQHmMiBQM vt
T QT2 iB2bX

h?2 T?QiQK2i'B+ /i mb2/ BM i?Bb bim/vam@QK2 H IQKRyREX BXR@
K2i2 bT2+B HBx2/rB/2}2H/bm p2vi2H2b+QT27Q i?2bQmi?2 M ?2
P#b2 ' p iQ°'v BM MQ'i?2"M *?BH2- QM i?2 T2 F /D +2Mi iQ i?2 QM2
h2H2b+QT2 UoGhV-b? "BM; i?2b K2 2t+2TiBQM HQ#b2 pBM; +QM/
B+ HHv /2bB;M2/iQ +QM/m+iH ";2@b+ H2 BK ;BM; bm ' p2vb Q7 i?2
i i?72 7?2 "1 Q7 i?2i2H2b+QT2i?2°2 Bb oA _* JUoAah AM7" 2/ * J2°
}2H/ LA_+ K2' rBi? Re BM7® "2/@b2MbBiBp2 /2i2+iQ'b > M;2/ BM
T 'QpB/2b iQi H}2H/ Q7 pB2r’QR #ITBIMRBM3 /XK, FBM; oAah 2ti ' 2K2}
i +Qp2°'BM; H ;2 bFv "2 bBM '2H iBp2Hv b?Q'i KQmMi Q7 iBK2X
i2°Qm;? }p2 # Q /# M/UWXNKPWY URXKRWI URXIKS/H URX&S/- Mé E
UKkXR8/- M/ i?°22 M ""Qr # M/ }Hi2 b i yXNBXyXNN- M/ RXR3

h?2'2 2 bBtH “;2 Tm#HB+ bm p2vb #2BMoAah B2h QaivweSak U
BM6BR)XdHi" oAah - oAah EBHQ@.2; 22 AM7" "2/: H tvam p2v UoAE
2HH MB+ am p2v UoJ*V- o0Aah o B #H2b BM i?2 0B G +i2 UoooV- c
Uo>aV- oAah .22T 1ti° ; H +iB+ P#b2 p iBQMb am p2v UoA.1PVX h~
Q7 i?2bFviQ/Bz2 '2Mi/2Ti?biQi'viQ Mbr2° rB/2 M;2 Q7 b+B2M
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gBi?BM i?2b2 b2p2° Hbm p2vb-irQ 2 2H2p Mi7Q i?Bb rQRNVBEX i?2
"QI? T'QpB/2 LA_T?QiQK2i'v-#mirBi? /IBz2 ' 2Mi b+B2MiB}+ ;Q Hb-
bFv +Qp2° ;2-K FBM; i?2K +QKTH2K2Mi v/ i b2ib7Q i?2 bim/v Q7
TQTmH iBQMbX

h?2 0J* bm pBWQW B 2ky RMRH2/ #v ST BM+BT H AMp2biB; iQ°J B @_QE
?QKQ;:;2M2Qmb- M/ mMB7Q K bm p2v bT2+B}+ HHvV /2bB;M2/iQ +Qr¢
BM+HmM/BM; i?2 GJ*-i?2 alJ*- M/ i?2 ""B/;2X Aib K BM b+B2MiB}+ ;C
Q7 i?2bT iB HHv "2bQHp2/ bi " 7Q°K iBQM ?BbiQ v Ua6>V M/ i?2 i
i?72J ;2HH MB+ bvbi2KX 0J* +?B2p2b i?Bb #v Q#i BMBMYKIMHIB @ 2
M/ E# M/b- "2 +?BM; bQm +2b e K ;7 BMi2 +QKT "2/iQ Qi?2 bm g
iQ QMHv mTT2 "2/ ;B Mi#  M+? bi "bX 0J*/ i +Qp2 i?2 7mHH " T
p B #H2 bi "b- M/ 2 +?2/QrMiQ i?2 QH/2bi K BM b2[m2M+2 im M@ (

6B;m 2 RXe, 2T 2b2Mi iBQM Q7 i?2 bFv +Qp2° ;2 Q7 i?2 bBtoAah t
EBHQ@.2;°22 AM7" "2/ : H tv.am p2v UoAEAL:V- oAah J ;2HH MB-
o B #H2b BM i?2 oB G +i2 UoooV- oAah >2KBbT?2 2 am p2v Uo>
i H +iB+ P#b2 p iBQMb am p2v tJo@AhIIR¥XX * 2/Bi,

h?2 o>a bm p2Y¥ BQM 2ikyRf H2/ #v S'BM+BT H AMp2biB; iQ" _B+? °,
QM i?2 Qi?2° ? M/- Bb rB/2@ 2 - KmHIiB@# M/- LA_ bm p2v i? i-r
oAah Tm#HB+ bm p2vb UBX2X- oAEAL:- 000- M/ 0J*bm p2vbV- "2b
r’QH2 bQmi?2 M +2H2biB H ?2KBbT?2°2X h?2 K BM BKb Q7 o>a

M2 “#v bi "b-iQ bim/v i?2 K2 ;2 ?BbiQ'v Q7 i?2 Jg-1iQ K2 bm 2 i?2
2°;vi?’Qm;?i?2 2t KBM iBQM Q7 H ";2@b+ H2 bim+im 2- M/iQ b2
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o>a BM+HmM/2b i?°22 T Q; R ULRY 6Ba@:Sa U: H +iB+ SH M2 am"
+Qp2'b "2;:B@MYy@ P2rBi? C M/ HHi2 bc UkV o0>a@. a U. "F 1M2 ;v a
r?B+? Q#b2'9@yy P2rBi? C- >- MJHE2 bc M/ UjV o>a@ hG a-r?B+? Q

8yyy P2p2MHvV /BpB/2/ #2ir22M LQ i? M/ aQmi?: H +iB+HHI2bBi? L

"V +QK#BMBM; 0J* M/ o>a-r2 #2M2}i 7°QK #Qi? /2Ti? M/ rB/2 +Qp2
i BH2/ BMbB:?i BMiQ i?2 7 BMi bi2HH ~TQTmH iBQMb- r?BH2 0>a 2|
Km+? H “:2°bT iB H 2ti2MiX

6B;m 2 RXd, _2T°2b2Mi iBQM Q7 i?2K BMT?QiQK2i'B+bm ' p2vb mb
h?2 T°"QD2+iBQM Q B;BM Q7 i?22 K2ZRb BU DRKkIOG- ceNXdjéVX h?2 #C
Q7 i?2 o>abm#@bm p2vb 2 b?QrM BM "2/-r?BH2 Q#b2 p iBQM H ;
"2;BQM +Qp2 2/ #v i?2 0J*iBH2b Bb ?B;2H B @2y bBMnHBEWH X 2v U

RXjXRT2+i Qb+QTv, 6G Jla

aT2+i ' Qb+QTvBb TQr2 7mH i2+?MB[m2i? i HHQrb mb iQ bTHBI 2
+QMbiBim2Mir p2H2M:;i?b M/ bim/v +2H2biB H Q#D2+ib BM /2i BH,
Q7 bi -r2+ M/2'Bp2 BM7Q K iBQM QM Bib +?2KB+ H +QKTQbBiB
M/ /Bbi M+2X h?2 bT2+i° mb2/ BM i?Bb bim/v r2 2 Q#i BM2/ rBi?
B b[MBMBKiWIM/ Bib K BM bT2+iQ;> T? :A_ 661X

6G Jla Bb KmHiBQ#D2+i- BMi2 K2/B i2z@ M/ ?B;?7@ 2bQHmMiBQM
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6B:m 2 RX3, a+?2K iB+ pB2r Q7 i?2 }#2 7 +BHBiv 6G Jla ii?2 oC
i?72 QTiB+ H +Q "2+iQ - i?2 }#2 TQbBiBQM2 - M/ i?2 irQ bT2+i Q;
5 b[mB M B Kyi yWXX

}#2 b- BMbi HH2/ QM i?2 b2+QM/ IMBi h2H2b+QT2 ii?2 oGhX Ai +Qp
+KBM /B K2i2°'V M/ +QMbBbib Q7 b2p2" H+QRKQMZIMIiIB+BHH@QDI2#E
reB+? T'QpB/2b 2t+2HH2Mi BK ;2 [m HBiv Qp2  i?2 7TmHH }2H/ Q7 p
r?B+? ?22HTb rBi? HBKBiBM; i?2 iBK2 #2ir22M Q#b2'p iBQMb iQ H2b
IHi® pBQH2i M/ oBbm H 1+?2HH2 aT2+i Q; T? UlolaV pB 2B;?i bE
M/ i?22bT2+i"Q;" T? :A_ 661-rBi? Bib Q3 Nb [} B Mo K42k U

/IBiBQM HHv-i?2 Q#b2 pBM; bQ7ir "2 6G JlaPa+QMi"QHb i?2 BML
#H2b bBKmHi M2Qmb lola M/:A_ 661 Q#b2 p iBQMbX

A 661- M K2/ 7i2 Bib Q B;BM Hp2 iB+ H/2bB;M- Bb K2/BmK@
;7 T? U_8-8yy e8-RyyvV QT2 iBM; Qp2 i?722MiB 2 pBbB#H2 ~ M;2 Uj«
bT2+i" mb2/BMi?BbrQ Fr2 2 Q#i BM2/X Air b /2p2HQT2/ #vi?2 P#
USXAX 6X > KK2'V M/ i?2 P#b2 p iQB 2 /2 :2M p2 USXAX X "H2+? V
Ai Bb 2[mBTT2/ rBi? ?B;? U> V M/ HQr UG_V "2bQHmMiBQM 2+?2HH
b2H2+i 1?2 "2[mB 2/ bT2+i H M;2X

h?2 BMbi mK2Mi Bb /2bB; M2/ 7Q ?B;? bT iB H/2MbBiv bT2+i Qb+0Q
i “:2ib M/ Bb 72/ #v }#2 bvbi2K i? i HHQrb bBKmHi M2Qmb Q#b2"
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+ Qbb i?2 }2H/ Q7 pB2rX h?2 }#2 bvbi2K +QMM2+i2/iQ :A_ 661 BI
r?B+? HHQr mT iQ RjRi “:2ibiQ #2 Q#b2°p2/ ii?2 b K2 iBK2- b2p
UABIDY +QKTQDb2/ Q7 KB+ QH2Mb " vb- M/i?2 _:laA6l- H ;2 BM
bT iB HHv "2bQHp2/ bT2+i Qb+QTvX

RX9%i2HH " KQiBQM, " /B H p2HQ+Biv M/ T Q1

h?2 KQIBQM Q7 bi *+ M #2 /2b+'B#2/ b i?2 +QK#BM iBQM Q7 irQ -
KQiBQM- HVBM; BM i?2 TH M2 Q7 i?2 bFv- M/ i?2 /B H KQiBQM-
HBM2 Q7FBIX?ihQ:2i?2 - i?2b2 [m MiBiB2b T°QpB/2 i?2 # bBb 7Q" :
/IBK2MbBQM H FBM2K iB+b Q7 bi2HH " bvbi2KbX

h?2 i M;2MiB H +QKTQM2Mi Bb mbm HHv 2tTc Zhb2-/ BX ZXQT22 KqiB:
M:mH > KQiBQM Q7 bi > +°Qbb i?2 bFv rBi? "2bT2+i iQ KQ 2 /Bb
“+b2+QM/b T2 v2 "X PME2Q?22Bkii MBh2/2i2 KBM2/i?2 Qm:? bi QK:
U2X;X- T ° HHMt¥2 +QMp2i2/ BMiQ T?2vbB+ ki MB2MIB BHIBQMB i

vi =474 d URXRYV

r?2°2 Bb 2tT 2bb2/ BBI7TBb,Bp2M BM " MJ/2i?2 /Bbid BM2T "b2+bX h?2
+QMbi Mi 9Xd9 +QK2b 7°QK mMBi +QMp2 bBQMX

JQ/2°M bi ' QK2i'B+ bm ' p2vb-bm+? b : B Q i?2 aHQ M .B;Bi H aF
#Qi? T°'QT2 KQiBQMb M/ T > HH t2b rBi? ?B;? ++m > +v- K FBM; Bi
'2MiB H p2HQ+BiB2b 7Q° KBHHBQMb Q7 bi “bX

h?2 " /B Hp2HQ+BYWI2 bm 2bi?2 KQIiBQM Q7 i?2bi "iQr "/bQ  rv7
i?mb Bi + MMQi #2 Q#i BM2/ i?°'Qm;? bi'QK2i'vX AMbi2 /- Bi Bb "2i
M HyxBM; i?2 .QTTH2 b?B7i Q7 bi2HH ° #bQ TiBQM Q" 2KBbbBQM
6Q° bBM;H2bT2+i" H72 im 2 rBi? 2&I-@72 K2Br iH 2RHND;+Biv Bb ;Bp

Ve o = _obs rest, URXKV
C rest rest

r?2 2ps Bb i?2 Q#b2 p2/r p2¢HBM P2 BT22/ Q7 HB; %X QT RbEI@M2b iQ
"2/b?B7i- K2 MBM; i? ii?2bi " Bb '2+2VBBIM/B*BHDd MBmMBH2B7i Ui
Bb TT 'Q +?BM;VX

hQ #2 KQ 2 T 2+Bb2- 2p2M B7 i?2 _o Bb +QKKQMHV /2}M2/ b i?2 +Q
HQM; i?2 Q#b2°p2°6b HBM2 Q7 bB;?i- r?2M BKBM; i i?Bin 7 2)BLEGH
iBQM Bb 7 "iQQ bBKTHBbiB+X h?2 [m MiBiv Q#i BM2/ 7°QK bT2+i°Q
b?B7i K2 bm 2/ BM i?22 # "v+2Mi'B+ 7" K2 M/ /Q2b MQi Hr vb +Q "
;2QK2i'B+ p2HQ+Biv HQM; i?RVHBM2M 7 .BRByBWX h?Bb Bb #2+ mb2
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K2 bm 2/ r p2H2M:i? b?B7i Bb z2+i2/ MQi QMHv #v i?2 bi “6b KQiB
272+ib- 1?2 KQiBQM Q7 i?2 Q#hb2'p2 - M/ i?2 /QTi2/ 272 2M+2 7" ¥

q?2M #Qi? i M;2MiB H M/ /B H +QKTQM2Mib "2 p BH #H2-i?2 7
+ M#2 "2+QMbi m+i2/X Aib K ;MBim/2 Bb

q
Vspace = V2 + VZ URXjV

6B:m 2 RXN, .B ;> K BHHmbi  iBM; i?2 "2H iBQM #2ir22M T QT2 K
bi2HH * p2HQ+BivX h?2 bi "6b VQji.¥ BB P2 p2HQRBbmY Q7 i?2 ° /B F
MV M/i?2i Mbp2 b NVXHQ+Biv U

RX8a+B2MiB}+ JQiBp iBQM

b/Bb+mbb2/ BM i?Bb BMi"Q/m+iQ v +? Ti2 -i?2 mMB[m2 +? * +i2 E
QTTQ imMBiviQ bim/vK Mv bT2+ib Q7 bi'QT?vbB+bX KQM; i?2b2
Bi TQbbB#H2 iQ "2bQHp2 BM/BpB/m H bi 'b +'Qbb rB/2 " M:2 Q7
B/2 HHv bmBi2/ 7Q  BMp2biB; iBM:; bi2HH > 2pQHmMiBQM- bi > 7Q K
BKT +i Q7 ; H +iB+ BMi2" +iBOQMb QM KQ T?QHQ:vX

AM T “iB+mH - bi2HH ~ " /B H p2HQ+BiB2b i> +2 i?2 /vM KB+ H Dbi
"Qi iIBQM T ii2"Mb M/ :2@/2T2M/2Mi FBM2K iB+b- r?BH2 MQK HQ
> pBi iBQM HBMi2' +iBQMbX AM i?2 + b2 Q7 i?2 GJ*-Bib +QKTHB+
?BbiQ v rBi? i?2 aJ* K F2Bi M 2bT2+B HHv BMi2 2biBM: bvbi2K 7Q
h?Bb T'QD2+i BKbiQ mb2 i?2b2 FBM2K iB+ i  +2 b iQ BKT Qp2i?2
bi'm+im 2 M/ /vM KB+ H 2pQHmMiBQM Q7 i?2 GJ*- M/ iQ BMp2biB;
TQTmH iBQMb “2i BM 2pB/2M+2 Q7 Bib BMi2> +iBQM ?BbiQ vX
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*2 Ti2 Kk
a KTH2 a2H2+iBQM

"27Q°2 + “VBM: Qmii?2 FBM2K iB+ M HvbBb-Bir b M2+2bb “viQ #r
Q7 bi "bh #2HQM:;BM:iQi?2 G “:2*HQm/X h?2bi'm+im 2 Q7i?BbrQ F
b KTH2 KB Q" i?Qb 210Imi®iB M2Q BMAN -HBi? bQK2 /DmbiK2Mib iQ #2
i?2 +?2 ° +i2 BbiB+b Q7 i?2 GJ*X

h?2 T°Q+2/m 2 +QK#BM2b T?QiQK2i'B+ M/ bT2+i ' Qb+QTB+ /i 7°
/i b2ib r2°2 + "27mHHV +H2 M2/ #v TTHVBM: [m HBiv +mib M/ }Hi
M Mib- bm+? b 7Q 2:"QmM/ bi b 7°QKi?2Jg Q bQm +2b rBi? mM"
pBbm HBx iBQM M/ + Qbb@K i+?BM: Q7 i?2+ i HQ:br2°2 T2 7Q K2
2° iBQMb QM * i HQ;m2b WHAKhyR¥RR b c

kKXRS?QiQK2i v

hQ b2H2+i b KTH2 7Q  Qm~ M HvbBb- A bi "i2/ rBi? LA_ T?QiQK2i
H'2 /v/Bb+mbb2/ B¥ji#2+6BQNM/ o>aX h?2 0J* Q#0RdpZ2mMiBH Bib

+QKTH2iBQM BM P+iQ#2" kyR3- +Qp2'BM; e3 FRHZX + Qbb i?2 6J*
U9k #%;- Rj +°Qbb i?2 ""BFR-UKMRK2BiI?BM i?2 ai?2X UP22/;i mb2/

7Q Kvbim/vr2 2T '1iQ7i?2 . i _24¥B20MBU.2ZNMyEVWJ Tm#HBb?2/ BM C
kKykj-r?B+? BM+HmM/2b /i 7 QK Q#b2 p iBQMb i F2M #2ir22M LQp2K
T QpB/BM; #Qi? M2rHv "2H2 b2/ Q#b2 p iBQMb M/ mT/ i2/ p2 "bBQM
_2; 'IBM; o0>a- A mb2// i THQRK?2QOBQZikKHMR-r?B+? BM+Hm/2b BK ;2 T°
Q7 Q#b2 p iIBQMb i F2M Qp2 3 Vv2 b-7 QK LQPp2K#2 kyyN mMiBH jy
+Qp2 ;2BM iH2 biQM2r p2# M/ Bb Re-djyb[m 2/2;°22b-2M+QKT

6°QK #Qi? 0J* M/ o>a- T2im 2 +Q  2+i2/ K ;MBim/2b + H+mH i2/
K2i2° BM iMK, # M/IDUT2'J :M/E T2 J Ajr2°2mb2/-rBi?BM ky /2; 7°Q
" H tv QTiB+ H +2MBI24 U .24 46973 V | i?2 2TQ+? CkyyyX h?2 BMBiB

+'Bi2°B mb2/ “2i?2 TQHHQrBM;, Q#D 24 b Q% i#BpBiv KX Wi2Bdwy: bi
K2 :2/*HH@R Q" @kV M/ bQm +2b rBi? KBMQT[r HBiMB i2b U~
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DTT1 '"BRB6VX 7i2° TTHVBM;i?2b2 + Bi2 B - AQ#i BM2/j-3j8-3Ne
0J* M/ o>a- 2bT2+iBp2HvX q?BH2 +QK#BMBM: i?2 irQ b KTH2b- A
HTQ70J* M/o>a Q#b2 p iBQMb BM i?2 2 Q7 i?2 ""B/;2 #v 2HBKE
F22TBM:/ i 7°QK0J*X 6Q i?2 2K BMBM; bi 'b- Q#D2ydbR BiM FQQ? Q
# M/br2 2 2t+Hm/2/X h?Bb "2bmHi2/BM b KTH2 Q7 e-j98-9ky bi b

6Q  bi "hi? i "2iQQ# B;?2i7Q 0J* M/o>a-hrQ JB+ QMaRHEEVFAERM [
2i HRYWAT?QiQK2i'vr bmb2/X h?2 bm p2v +QHH2+i2NBKN®MY 7/ ii? 2+
bFv BM i?2 €#>MBEX P#b2 p iBQMb r2°2 +QM/m+i2/ 7°QK i?2 /2/B+
i2H2b+QT2 HQ+ i2/ i*2°°Q hQHQHQ- *?BH2- #2ir22M CmM2 RNNd
6°QK kJ aa- A "2[mB 2/ i? i bi "br2°2 /2i2+i2/ BM #Qi? # M/b- rBi?
rBi? bB:M H@IiQ@MQBRY MBODAGIQKR2i By YR bT? [M H V-

K2 bm 2K2Mibr2 2 K /2 QM bBt BM/BpB/m HRXj b 2tT®hmI2bH+Qp2"
4 kKkkV- QM2 +QKTQM2Mir bl}ir?2M 2biBK iBM; i?27#41 B;2IM2bb Q7 i’
RRRV- M/ F22TBM: QMHV bQm +2b mM Z724 i:2 # # v7BN D WIX 1i ©+7H i bBU
+QKKQM Q#D2+ib- 88k-RRd bQm +2br2°2 //2/iQ i?2}M Hb KTH2X

+? HH2M:2 i? i "Bb2b r?2M bim/vBM: bi b BM i?2 GJ* Bb i?2 TQi2
7Q0°2;°QmM/ bi b #2HQM;BM; iQ i?2 JgX hQ KBiB; i2 i?Bb Bbbm2 N
i?72 GJ*-r2 BM+Q TQ  i2/ bi"QK2i B+ / iE xQK :KBKYXj IQ 7Q+mb QI
bi "b #2HQM;BM:; iQ i?2 GJ* M/ "2KQp2 bi 'b 7°QK i?2 Jg- r2 HBKBi|
rBi? T HH tp HnyX®7r?B+2? ?22HTb }Hi2  Qmi Q#D2+ibi? i 2 HBF
//IBiBQM HHvV- r2 b2H2+i2/ bi "brBi? T'QT2 KQiBQM prHm2X8Bi?BI
M/ @9pec < 9- 2Mbm BM: i? i QMHv bi b rBi? KQiBQMb +QMbBbi2Mi
r2°2 BM+Hm/2/ BMi?2 M HvbBbX

G biHv- p "B #H2 bi "b r2°2 "2KQp2/ 77QK Qm b KTH2 mbBM; i?2 P
BM; 1tT2'BK2Mi UP:G1V AAA M/ Ao- SQHBD? bi'QMQKB+ HT QD
g bri?2i? b#22M mMMBM; HQM;,@i2 Kp B #BHBivbFv bm p2v b
Q7 1?2 2tT2'BK2Mi "2 i?2 *HQm/b M/ i?2 : H +iB+ "mH;2- M/ KQbi
#22M K /2 1i?2 G b* KT M b P#b2' p iQ'v BM *?BH2X 6°QK Qm b F
r2°2 "2KQp2/- BM+Hm/BM; +H bbB+ *2T?2B/b- ivT2 AA *2T?2B/b- N\
bi "b- M/ HQM;@T2 BQ/ p B #H2bX h?2b2 bi "br2 2 2t+Hm/2/ iQ
TmHb iBQM p2HQ+Bivp B iBQMb QM i?2 ++m +v Q7 Qm  _o0oK2 bm

h?2 "2bmHiIBM; T?QiQK2i"B+/ i b2i +QMi BMb j-Rdy-ykd bQm +2Db- |
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