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SUMMARY: First part pf the publication contains review and analysis of the results of 
spectral line shapes investigations in Yugoslavia and Serbia for 1993-1997. In the second 
part, the bibliography of the contributions of Yugoslav and Sebian scientists for 1993 ~ . .. . 

1997 is given, together with the citation index for 1993 -1997 for articles published 1962 -
1997. 

. . , 

REZIME: U prvom delupubJikacije. dat . je pregled i analiza istraZivanja oblika 
spektralnih Jinija u Jugoslaviji i Srbiji u periodu 1989-1993 godine. U drugom delu data 
je bibliografija radova jugoslovenskihisrpskih istra!ivaea za period 1993 - 1997, sa 
istorijatom uticaja svakog objavljenog delana savremenu nauku, l!to je uradeno 
navodenjem izvora u kojimasu objavljeni clancicitirani. Ovakav indeks citata za period 
1993 - 1997,. dat je i za sve bibliografske jedinice iz perioda 1962 - 1997 
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I. SPEL'i'RAi.llNE SHAPES INVESTIGATIONS 

IN tUGOSLA VIAAND SERBIA 1993-1997 

Three previously published Bibliographies with citation index on Spectral 
Line Shapes Investigations in Yugoslavia, cover the period 1962 - 1993 (Dimitrijevic, 
1990,1991,1994). From the September of 1993 up to the March of 1997, 261 articles 
concerning Iineshapes investigations have been published by Yugoslav (Serbian) authors. 
In Serbia have been defended as well 2 Ph. D. and 9 M. Sc. Theses. Consequently, since 
the first article on this topic (Vujnovic et aI., 1962) up to the March 1997, 1129 (926 by 
serbian authors) bibliographic items have been published by 146 Yugoslav authors(119 
from Serbia, 26 from Croatia and 1 living in France). 

In the considered period various problems have been investigated. Stark 
broadening of hydrogen and hydrogen-like emitter lines, has been studied L'lparticularly 
for He II line shapes (924, 1007), and hydrogen line shift due to magnetization of moving 
pJazma (918, 1040). Also, the attention has been paid to the study of H beta line shapes 
in the presence ofaD.C.magneticfield (996,1083-1085), to the investigation of hydrogen 
line shapes in a plane - cathode abnormal glow discharge (926, 1128, 1038), radio -
frequency discharges (1029) and other discharges (874,875,1113,1114,1119-1121), the 
boundary layer influence on low n Balmer lines (1036) and to the influence· of ion 
dynamics (1034). 

Work on the experimental determination of Stark broadening parameters of 
nonhydrogenic atoms and ions has been continued during the consicleredperiod: Stark 
broadening of folowing atoms and ions has been investigated: Ar 1(869,932,947,994, 
1033, 1082, 1087, 1088), Ar ill (993, 1076, 1118), Cd II (994, 1019), Cu I (1031), F V 
(959), Fe I (1032), He I (885, 1094, 1095), Hg I (873), Na I (873, 950, 961, 1116), N II 
(945, 946, 1097), N ill (958, 1018, 1097), N IV (1097, 1098), Ni I, IT (917, 1032, 1091, 
1099,1117),0 ill (1081), 0 IV (889,890,923,956,957,958,960,1006), Sill (974, 1049), 
SiI (873,1091,1099). Also, the influence ofion dynamics (927-931, 1009-1013,1015-1017, 
1030, 1092, 1093, 1096), temperature dependence (889, 923, 956, 1006, 1082, 1087), 
departure from LS coupling (890) and Li- (1042, 1045), Be- (1043, 1045), and B­
isoelectronic sequence (956, 957, 1042, 1044, 1046) have been investigated (1125). 

Using the semiclassical perturbation approach (Sahal-Brechot, 1969a,b), the 
spectra offollowingelements have been investigated: Be I (878,905), MgI (900, 901, 912, 
913,986,989,991,1052,1072), Al 1(904), Rb I (907-909,981), Se 1(1060,1069, 1070), 
Sr 1(1056, 1057, 1060, 1062), Ba 1(1059, 1071, 1125), Li II (978, 979, 985, 1055), Mg II 
(980, 988, 1064, 1073, 1127), Fe II (962, 967, 969), Ni II (963, 964,973), Ba II (1059, 1068, 
1125), Bill (1058, 1063, 1065, 1126), Be ill (1053, 1058, 1065), Sill (974, 1049), Al ill 
(879, 895), C IV (880), 0 IV (902, 977, 984), P IV (1061, 1067), S IV (974, 1049), C V 
(987,990, 1051, 1074), 0 V (902,976,977), P V (975, 990, 1052), F VII (877), Ne VIII 
(897,903,911), Na IX (897, 911, 914, 983), Al XI (906, 910, 915, 98~) and Si XII (899, 
906,910). The bfluenc."; of oscillator strength values on Stark broadening parameters has 
been investigated (981') as welL 
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When it is not possible to use the semiclassical perturbation approach with 
the appropriate accuracy due to the lack of reliable atomic data, the modified 
semiempiricalmethod (Dimitrijevicand Konjevic, 1980) and other approximate method3 
have been applied. Such methods have been investigated in (992, 1008, 1037) as well a.'l 
!he case of the complexity of radiator in Refs. (876, 1100, 1020). The modified 
.,emiempirical approach has been applied to the lines of Sc II (1102, 1105), Bi II (896), 
Cd II (882),1 II (1101), As II (937,1101), Zn II (882), Br II (1101), Sb II (936, 1101), 
Y II (1102, 1105), Zr II (1102, 1105), Kr II (1104), Xe II (938, 1103), Zn III (1107), Ge 
!II (1108), As III (1020), Se III (1020) and Cu IV (895). 

A special attention has been paid in a number of papers to the investig;ililTl 
of regularities and systematic trends of Stark broadening parameters (871,872, 8Po3, 8b4, 
102.,)-1028,1078,1079,1110). Similarities of Stark broadening parameters withh' spectral 
.eries (943, 1027,1028) have been investigated as well as systematic trends £0., the saIne 
type of transition within a homologous (871, 872), isonucJear (1078. H179) and 
isoelectronic sequence (1077). By using regularities and systematic tr~Jids, Stark 
jroadening parameters of the fo)lowingemitters have been predicted: M2.1, MgII (1112), 
N V, 0 VI, S VI, (944), Fe I, Fe II, Fe III, FeIV, C IV, Si IV (884), Na IX - Ti XX (1080) 
and doubly· charged ion off-resonances (1111). 

Astronomical aspects of spectral line shapes research were studied in a 
number of publications, as optical depths of the formation of Fraunhofer lines (999), 
microturbulent sensitivity of solar spectral lines (1089), Mg II hand k lines in spectra of 

. alpha Orionis (1003), 1M Pegasi and HR 7275 (1024), IDE spectra of mu Cephei (920-
922, 1004), Fourier analysis of rotationally broadened stellar spectra (1002), and Stark 
broadening parameters for Solar and stellar plasma resea,(,h (916) and for hot star 
spectra investigation (893, 894, 934, 935, 939, 940, 965, 968, 971, 972, 1055). On 
Astronomical Observatory in Belgrade the Belgrade pmgramme for monitoring of 
activity - sensitive spectral lines of the Sun as a star, during a l1-years Solar cycle is in the 
course of realization. In accordance with this programme Solar activity influence on 
"pectrallines, as well as the influence of photospheric parameters on such spectral Jines 
'las been investigated in several papers (919, 997, 998, 1123,1124). Due to need to obtain 
a better connection between astronomical observations and theoretical interpretations 
of astrophysical spectra, the radiative transfer investigations have also been carried out 
(888, 954, 1115). Moreover, the influence of th.e gravitational field on the shape of 
spectral lines of Seyfert galaxies and quasars (887, 941, 942, 1023) has been studied as 
well. The work on the fcrrnation of a Data Base for the Active Galactic Nuclei (AGN) 
spectral lines is also in course (1101, 1022). 



Line Shape h],estigation in Yugoslavia and Serbia =rr (1989-1993) 

REFERENCES - LITERATURA 
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ISTRAZJlV AN1A OBUKA SPEKTRALNIH UNI1A 

U JU GOSLA VUI I SRBUI 1989 - 1993 

Tri prethodno objavljene Bibliografije sa indeksom citata 0 istraiivanjima 
oblika spektralnih linija u Jugoslaviji, pokrivaju period 1962 - 1993. (Dimitrijevic, 1990, 
1991, 1994). U periodu od septembra 1993. do marta 1997. godine, objavljen je 261 clanak 
koji se odnosi na istraiivanje oblika linija jugoslovenskih (srpskih) autora. U Srbiji su 
takodje odbranjene i 2 doktorske i 9 magistarskih teza. Shodno tome, od prvog clanka u' 
ovoj oblasti (Vujnovic i dr., 1962) pa do marta 1997, objavljeno je 1129 (926 od strane 
srpskih autora)bibliografskih jedinica od ukupno 146 (119 iz Srbije, 26 iz Hrvatske i 1 
makedonac koji zivi u Francuskoj) jugoslovenskih autora. 

U razmatranom periodu istraiivani su razliCiti problemi. Starkovo sirenje 
linija vodonika i vodoniku slicnih emitera,posebno je proucavano u slucaju He II (924, 
1(07), kao i u slucaju porn aka vodonikovih Iinija usled magnetizacije plazme koja se kreee 
(918,1040). Paznjaje takodje poklonjena proucavanju oblika H beta linije u prisustvu 
D.C. magnetnog polja (996, 1083-1085), istraiivanju oblika vodonicnih linija u 
neregularnom tinjavom prainjenju sa ravnom katodom (926, 1128, 1038), radio­
frekventnim (1029) i drugim prainjenjima (874, 975, 1113, 1114, 1119-1121), uticaju 
granienog slojana Balmerove linije sa niskim n (1036) i uticaju dinamike jona (1034) . 

• 
Rad na eksperimentalnom odredjivanju parametara Starkovog sirenja Jinija . 

• 
nevodoniCnih ernitera nastavljen je u razmatranom periodu. Bilo je istraZivano Starkovo 
sirenj~ sledeCih atoma ijona: Ar 1(869,932, 947, 994, 1033, 1082, 1087, 1088), Ar III (993, 
1076,1118), Cd II (994,1019), Cu I (1031), FV (959), Fe I (1032), HeI (885, 1094, 1095),Hg 
I (873), Na 1(873,950,961,1116), N II (945, 946, 1097), N III (958, 1018, 1097), N IV (1097, 
1098), Ni I, II (917, 1032, 1091, 1099, 1117), 0 III (1081), 0 IV (889, 890, 923, 956, 957, 958, 
960, 1006), S III (974,1049), Si 1(873,1091,1099). IstraZivan je takodje uticaj dinarnike jona 
(927-931,1009-1013, 1015-1017, 1030, 1092, 1093, 1096), temperaturska zavisnost (889, 9'>..3, 
956, 1006, 1082, 1087), odstupanja od LS veze (890), kao i U- (1042, 1045), Be- (1043, 1045) 
i B- (956, 957, 1042, 1044, 1046) izoelektronski nizovi (1125). 

KoristeCi semiklasiCni perturbacioni prilaz (Sahal-Brechot, 1969a,b), istraZivani 
su spektri sledeCih elemenata: Be I (878, 905), Mg I (900,901,912, 913, 986, 989, 991, 1052, 
1072), AI 1(904), Rb 1(907-909,981), Se 1(1060,1069,1070), Sr 1(1056,1057,1060,1062), 
Ba I (1059, 1071,1125), Li II (978, 979, 985, 1055), Mg II (980, 988, 1064, 1073, 1127), Fe II 
(962, 967, 969), Ni II (963, 964, 973), Ba II (1059, 1068, 1125), B III (1058, 1063, 1065, 1126), 
Be III (1053, 1058, 1065), S III (974, 1049), AI III (879, 895), C IV (880), 0 IV (902, 977, 984), 
P IV (1061, 1067), S IV (974, 1049), C V (987, 990, 1051, 1074), 0 V (902, 976, 977), P V 
(975,990, 1052), F VII (877), Ne VIII (897,903, 911), Na IX (897,911,914, 983), AI XI (906, 
910, 915,982) and Si XII (899, 906, 910). IstraZivan je i uti<A'lj vrednosti jaCina oscilatora na 

• 
parametre Starkovog sirenja (981). 

Kada nije moguCe upotrebiti semiklasiean perturbacioni prilaz sa odgovarjuoom 
tarnoSCu, posto nemamo pouzdane atomske podatke, konseeni su modiflkovani 
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semiempirijski metod (Dlinitrijevic i Konjevic, 1980) i drugi pnbliZni metodi Takvi metodi 
istraiivani su u referencama (992, 1008, 1037), kao i slueaj kompleksnosti emitera (876, 1020, 
1100). Modifikovanj semiempirijski prilaz primenjen je na linije Sell (1102, 11(5),BiII (896), 
Cd II (882), I II (1101), A, II (937, 1101), Zn II (882), Br II (1101), Sb II (936,1101), Y II 
(1102,1105), Zr II (1102, 1105), Kr II (1104), Xe II (938, 1103), Zn III (1107), Ge III (1108), 
As III (1020), Se III (1020) i en IV (895). 

Ubrojnimradovimasu istraZivaneregularnosti i sistematski trendovi parametara 
Starkovog sirenja (871, 872, 883, 884, 1025-1028, 1078, 1079, 1110). IstraZivane su slicnosti 

• 
parametara Starkovog sirenja U okviru spek-tralnih serija (943, 1027, 1028), kao i sistematski 
trendovi za isti tip prelaza u homolognirn (871, 872), izonuldearnim (1078, 1079) i 
iwelektronskim nizovima (1077). KoristeCi regularnosti i sistematske trendove, procenjenisu 
parametri Starkovog sirenja za sledeee eruitere: Mg 1, Mg II (1112), N V, 0 VI, S VI, (944), 
Fe I, Fe II, Fe III, Fe IV, C IV, Si IV (884), Na IX - Ti XX (1080), kao i za ne rezonantne 
linije dvostruko naelektrisanih jona (1111). 

Astronomski aspel-,:ti istraZivanja spektralnih linija proueavani su u brojnim 
prilozirna. IstraZivane Sil optiCke dubine forruiranja Fraunhoferovih Jinija (999), osetljivost 
suneevih spektralnih Jinija na ruikroturbulentnost (1089), Mg II h i k Jinije u spektriroa alpha 
Orionis (1003), 1M Pegasi i HR 7275 (1024), IUE spektri mu Cephei (920-922, 1004), 

Furijeova analiza rotaciono prosirenih Jinija u zvezdanim spektrima (1002), kao i parametri 
• Starkovog sirenja za istraZivanje suneeve i zvezdane plazme (916), kao i za istraZivanje 

. spektara toplih zvezda (893, 894, 934, 935, 939, 940, 965, 968, 971, 972, 1055). 

Na Astronomskoj opservatoriji u Beogradu u toku realizacije je Beogradski program po kome 
se u toku 11 godiSnjeg sUIlCevog ciklusa prate spektralne linije Sunca kao zvezde, koje su 
osetljive na njegovu aktivnost. U skladu sa ovim programom uticaj sunceve aktivnosti na 
parametre spektralnih lirtija, kao i uticaj fotosferskih parametara na ovakve Jinije, istraZivan 
je u nekoliko clanaka (919, 997, 998, 1123, 1124). Takodje su YrSena i istraZivanja prenosa 
zraeenja, usled potrebe da se poboljSa veza izmedju astronomskih posmatranja i teorijske 
interpretacije astrofiziCkih spektara (888, 954, 1115). Izueavan je i uticaj gravitacionog polja 
na oblik spektralnih linija Sejfertovih galaksija i kvazara (887, 941, 942, 1(J?..3). Takodje je u 
toku i fad na forruiranju baze podataka 0 spektralnim Jinijama jezgara aktivnih galaksija 
(AGN) (1101, 1022). 
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II. BIBLIOGRAPHY AND CfI'ATION INDEX 

BIBUOGRAFIJA I INDEKS CfrATA 

INTRODUCI10N 

The bibliography with the citation index is divided in four parts. In the first, 
second and third part are given the citation index of articles from 1962-1985, 1985-1989 and 
1989 - 1993 period respectively, given in DimitrijeviC (1990, 1991, 1994), with the same 
numeration. Moreover, the number in brackets after the number of an article, if exists, 
denotes that at least one author is from Serbia. In such a manner the corresponding 
bibliography for Serbia is included as well. In the fourth part is the bibliography of articles up 
to the March of 1997 (1993-1997 period and the bibliographical items not included in 
Dimitrijevic 1990, 1991, 1994) and the corresponding citation index. Besides the included 
citations, papers of Yugoslav scientist~ are cited in bibliographical reviews: Dimitrijevic (1996, 
1997), and Dimitrijevic and PopoviC (199!,]. After each paper of Yugoslav authors, data on 
articles where the considered paper is cited are given. Fo~ citations already existing in the 
bibliography of Yugoslav authors, only short data are given. 

UVOD 

Bibliografija sa indeksom citata podeljena je u eetiri dela. U prvom, drugom i 
treeem delu dat je indeks citata ~lanaka iz perioda 1962-1985, 1985-1989 i 1989-1993 
respektivno, koji su usli u prethodne preglede (Dimitrijevic, 1990, 1991, 1994), sa istom 
numeracijom. Osim toga, broj u Vlgradi iza rednog broja ~lanka ako postoji, ozna6va da je 
najmanje jedan autor iz Srbije. Na taj nOCin prisutna je i odgovarajuCa bibliografija VI Srbiju. 
U eetvrtom delu je bibiliografija Clanaka do marta 1997 (period 1993-1997 i bibliografs.1ce 
jedinice koje nisu uldjueene u prethodne preglede (DimitrijeviC, 1990, 1991, 1994)) i 
odgovarajuCi indeks citata. Osim ukljueenih citata, ~Ianci Jugoslovenskih autora su u velikom 
broju citirani u bibliografskim pregledima: DimitrijeviC (1996, 1997) i DinWrijeviC i PopoviC 
(1996). Posle svakog clanka Jugoslovenskih autora, dati su podaci 0 clancirna gde je 
razmatrani clanak citiran. Za clanke koji vee postoje u bibliografijijugoslovenskih autora, dati 
su sarno skraeeni podaci. 

REFERENCES - UTERATURA 

Dimitrijevic, M. S.: 1990, Line shapes investigations in Vugos!.1Via 1962-1985 (8ibhography 
aTJd citadoTl index), Pub!. Obs. Astron. Belgrade 39. 

DimitrijcviC,!vI. S.: 1991, Lines/Japes liwe.<.ligafioTJs in Yugosh(i1 Il1985-1989 (BibJjography 
"ndc.,,··,t,·"j'll·ll"e·'·) -Pu'" n;-,-· -'."" -·1 .. ' .,- .. ,'-, , <1 oW. ·Il-;.. {, UI A , . ~J. '''''''-'')' .- \..~ .. ·\'.'r • :......"'>1:.: l~; ,. J.C '"t • , .' 
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Dirnitrijevic, M. S.: 1994, line shapes investigauonsin Yugoslavia and Serbia m 1993-1997 
(Bibliography and dtauon index), Pub!. Astron. Obs. Belgrade 47. 

Dimitrijevic, M. S., PopoviC, L C. (eds.): 1996, Astronomical Observatory in Belgrade. 
Acuvjues and Abstracts of papers 1991-1995, Pub!. Astron. Obs. Belgrade 51. 
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SUMMARY: First part of the publication contains review and analysis of the 
results of spectral line shapes investigations јп Yugoslavia јп Ље period 1985-
1989. In the second part, the bibliography of the contributions of Yugoslav 
~cientists is given, together with the citation index . 

• 

REZIME: U prvom delu publikacije dat је pregled i analiza istrazivanja oblika 
spektralnih linija u Jugoslaviji u periodu 1985-1989 godine. U drugom delu data 
је bibliografija radova jugoslovenskih istraZivаёа, sa istorijatom uticaja svakog 
objavljenog dela па savremenu nauku, sto је uradeno navodenjem izvora u kojima 
su objavljeni ёlапсi citirani. 
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1. SPECTRAL LINE SHAPES INVESTIGATIONS 
IN YUGOSLAVIA 1985-1989 

The recently published Bibliography апЈ citation index оп Spectral Line 
Shapes Investigations јп Yugoslavia, covers the period 1962 - August 1985 
(Dimitrijevic, 1990). Јп the period September 1985 - December 1989, 242 articles 
concerning line shapes investigations ћауе Ьееп published Ьу Yugoslav authors 
(ав compared to 371 јп the period 1962 - Agust 1985), as well as 4 рь. D. and 
3 М. Sc. Theses. Consequently, зјпсе the first article оп this topic (Уијпоујс et 
аl, 1962) ир to tlle end of 1989, 61.3 bibliographic items have Ьееп published Ьу 
89 Yugoslav authors. The number of published articles, allthors, В. Sc., М. Sc., 
and Ph. D. theses are given јп ТаЬ!е 1 for еасћ year. 

Research оп Spectral Line Shapes јп Yugoslavia, is developed јп several 
institutions апЈ cities as Institute of Physics јп Zemun, E'aculty of Physics 
and Astronomical Observatory (Belgrade), Institute of Physics of the University 
(Zagreb) and Faculty of Sciences (Novi Sad). 

Inthe considered period various problems ћауе Ьееп investigated. Stark 
broadening of hydrogen and hydrogen-like emitter lines, has Ьееп investigated јп 
particularly for H-beta line dip-, and peaks-shift, central structure and profiles 
(426, 427, 483, 527, 587); Не П Balmer beta line widths (599), and Не П Р­
alpha line plasma shifts (532). AIso, the attention is ршЈ to the influence of the 
glass-to-plasma boundary layers in T-tube hydrogen plasmas оп line intensities 
(429), profiles (483)апd line to continuum intensity ratios (428), апЈ, to the 
transition of hydrogen line spectrllm in continuum (502). 

А lot of work has been done also оп the experimenta! determination of Stark 
broadening parameters of nonhydrogenic atoms апЈ јопз: Stark broadening of 
folowing atoms and ions ћав Ьееп investigated: 

Ar Ј, П, III, IV (411, 431, 472, 545, 581, 606); Br I, II (521, 524, 526, 582); 
С П, IП, IV (407, 522, 530); СI I, П, III, ЈУ (405, 493, 524, 525, 551, 582); F 
1, III (524, 525, 582); Не! (383, 436, 444, 445, 531, 560, 586, 588, 607, 612); Ј 
I(523, 524, 582); Kr Т, П, III (411, 431, 472, 555, 606, 608); Ne 1, П, Ш, IV 
(411, 431, 434, 435, 472, 487, 489, 490, 545, 550, 606); N П, IП, IV, V (432, 492, 
530, 547); О IП, IV, V (491, 547, 548); Si П (598); Хе П, III (411, 431, 472, 
606), Zn I (380). AIso, the influence of јоп dynamics has been investigated (471, 
588, 531). In order to illustrate the contribution of Yugoslav scientists, јп ТаЫе 
2 is. presented the nllmber of references concerning experimentally determ.ined 
Stark broadening parameters from Yugoslav authors and from others, cited јп 
Ље review of Копјеујс and Wiese (1990) covering the period from 1982 year. Опе 
сап see that ап especially significant contribution exists iп the саве of multiply 
charged јопз. 

з 



Мјlan S. Dimitrijevic 

Theoretica1 iпvеstigаtiопs of поп hydrogenic emitter Stark Ьгоаdепiпg were 
deveioped јп Беуега! directions. An евресјаl efforL llas Ьееп done јп огЈег to 
develop аllЈ test the modified sеmiешрiгiсаl method (Diшitгiје\'iс and Konjevic, 
1980' ~1~' t" ~. l' d . J~ t' ... "t' h ' ). lшs те nоа, опgша lу еуеlоре ,ОГ пе]Оп lше \УЮ ns, as оееп 

extended to the Stark shifts a1so (396, 397, 398, 460, 461, 462, 569, 592), апЈ а 
вјтрlе formula useful евресјаllу јп 83trophysics ћ83 Ьееп derrived (459). Мorе­
o,'er, а вјтрlе semiclassical method for evaluation of Stark broadening parameters 
of neutral atom lјпев has Ьееп developed (393, 394, 395). Ап effort lIas Ьееп 
done also to develop а metllOd foг simple estimates of Stark \vidths alollg а 
homologous sequence (400, 573, 574, 575) and а method useful especially јп 
astrophysics, based оп the systematic dependence оп the ionization potential 
(488, 514, 518). Approximate methods ћауе Ьееп used and tested оп numerous 
examples (409, 410, 414, 475, 507, 508, 509, 559, 591, 593, 594, 595, 596, 597). 

Using the semiclassical perturbation approach (Sahal-Вrechot, 1969а,Ь), the 
spectra of following elements have Ьееп investigated: Ga П, III (392), Си I 
(581, 614), Си IV (512, 571), Аг II (403, 404), С IV (465, 467, 511, 515, 
576), К 1 (466, 468), Si П (478, 534), Si IV (519, 579), Li-like ions (578). 
Тће inf!uence of Ље perturber path def!ection fгош' straight lјпе, due to Ље 
back reaction of neutral emitter оп Stark broadening and сошвјоп phase shifts, 
has Ьееп investigated (406, 569) as у/еН as рlавта screening effects оп Stark 
broadening at the adiabatic limit (513, 570, 572) and the inf!uence of resonance 
structures in electron scattering cross sections оп Stark broadening (392). 

А вресјаl attention has Ьееl1 paid јп а number of papers to the investigation 
of rcgularities and sуstеrпаtiс trends of Stark broadel1il1g parameters (389, 400, 
401, 402, 403, 404, 411, 431, 433, 463, 466, 468, 472, 488, 492, 501, 519, 520, 
524, 544, 545, 546, 547, 548, 551, 559, 566, 605). Similarities of Stark broadening 
parameters within Ље Бате multiplets (403, 404), supermultiplet (403, 404), 
transition аггау (389) and spectral series (401, 402, 466, '168, 519) ћауе Ьееl1 
examinated. Also, systematic trends for t!le аате type of transition withil1 а 
homologous апЈ isoelectronic sequence (549) as well as the dependence of Stark 
broadening parameters оп the iOl1izatioIl potentia1 and оп the element огЈјпаl 
number, giving as the result simple formulae of astrophysical importance (520, 
544, 545, 547, 548, 551)~ Ап investigation оп similarities and regularities for 
line broadening dUe to collisions with neutral perturber has а180 been carried 
out with the вресјаl intention to јтргоуе the Уаll der Waa18 formula (464, 514, 
516). 

Astronomical apsects of spectral Јјпе вћарев research ;уеге аЈво investigated, 
as the lјтЬ effect, shapes and asymmetries and bisectors of воЈаг spectral Епев 
(382, 415, 416, 442, 443, 477, 498, 499, 500, 611), Na abul1dance in Solar 
atmosphere (379), spectral ana1ysis of а white light f!are (494), Ве stras spectra 
(447, 504), mechanisms of neutral oxygell lјllе formatioll јп stellar shel8 (456, 457, 
458), development and ;veakening of shell spectrum of 88 Негсиlјв, (528), Fe П 
lines јп the spectrum of Ат 15 Уиlресиlае (300), and, Stark shifts јп spectra 
of hot DA white dwarfs (413, 533), microturbulel1ce and spectral line вћарев 
(378), and Lyman аlрћа lјпе transfer in chromospheric conditions(450). Оп 
Astronomical Observatory јп Belgrade the Belgrade programme for monitoring 
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of activity - sensitive spectral lines of the Sun as а star, during а l1-years Solar 
cycle јБ in the СОШБе of realization (446, 559). 

In order to obtain а better connection between astronomical observations 
and theoretical interpretations of astrophysical spectra, the radiative transfer 
investigations have also Ьееп carried out (376, 384, 385, 386, 448, 449, 451, 452, 
553, 561). 

In а number of papers, satellite and diffuse bands of NaCd (539, 543, 562, 
604), KHg (540), NaHg(562), and TlНg(541) excimers have Ьееп studied as well 
as the spectrum and the photochemical production of NaCd (529, 584,585), 
LiMg (542) and metal vapor (486) excimers. Continua, sate!lite and diffuse 
bands have Ьееп studied also (422, 424, 482, 485, 505, 564, 565), particularly 
оп the саве of alkali vapors (381, 387, 412, 418, 430, 437, 439, 453, 473, 474, 
479, 503, 538, 600, 601, 602, 603). Moreover, ionization of lithium vapor Ьу CW 
quasiresonant ·laser radiation (438, 496), fluorescence јп dimers and diatomic 
molecules (417, 419, 420), laser induced chemiluminescence (555), СОШБјопа! 
population of К2 atomic states (589), spectroscopy of collisional and radiative 
processes of importance for the interpretation of spectra of diatomic molecules 
(388, 425, 480, 484, 495, 506, 552, 609), intermediate and long range interaction 
potentials of heteronuclear and homonuclear alkali dimers and quasimolecules 
(421, 423, 481, 503, 536, 552) and interaction potentials, oscillator strengths, 
and quasistatic line shapes for Eu-Sr quasimolecule, have Ьееп investigated.· 

The contribution and influence of Yugoslav scientists јп the international 
effort оп investigation and interpretation of line shapes is \уеll illustrated Ьу the 
bibliography and citation index presented јп the second part. 
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TABLES - TABELE 

ТаЫе 1. Number of articles, authors, В. Sc., М. Sc., апd РЬ. D. theses iп the 
period 1962-1989. 

Year 
gоdiпа 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 . 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Total 
Ukuрпо 

6 

Broj radova, autora, diplomskih, i magistarskih radova i doktorskih 
disertacija u periodu 1962-1989. 

No. of рubliсаtiопs No. ofauthors В. Sc М. Sc. Ph. D 
Br. ёlапаkа Br. autora Dipl. Mag. Dokt. 

1 1 
О 

2 2 
1 1 
О 

О 
2 4 
4 4 1 
15 13 
11 9 1 2 
10 11 1 
10 13 2 1 
16 16 1 1 
14 15 2 1 
23 16 1 1 
13 14 1 1 1 
23 16 1 1 
17 14 1 
30 19 1 
26 17 1 1 
46 19 1 2 
32 20 1 
44 22 1 1 
43 23 1 1 
62 33 3 1 
58 33 
65 34 
55 34 3 
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• 

Table 2. The number of references concerning experimentally determined Stark 

Element 
Element 

Neutтals 

Аl I 
Ar 1 
Br 1 
С I 
Сl 1 
СО 1 
Cs 1 
Си I 
F 1 
Fe I 
Ga I 
Ge I 
Не I 
Hg I 
In I 
К! 

Kr 1 
Ne I 
О I 
Р 1 
S 1 
Хе I 

broadening parameters иоm Yugoslav authors and from others, cited 
in (Konjevic, Wiese, 1990) 

Broj referenci и kojima se daju eksperimentalni podaci za parametre 
Starkovog sirenja, od Jugoslovenskih i drugih autora, а koje su citirane 
и pregledu Konjevica i Wiese-a (1990). 

Yugoslav authors Others 
Ј ugoslovenski autori Ostali 

Neutrali 

2 
. 1 7 

1 
3 

1 1 
1 
2 1 
1 2 
2 1 

1 
1 
1 

1 1 
1 
1 
1 

- 1 
2 1 

2 
1 
2 
1 

Singly charged 
. 

- Jednostruko naelektrisani јоnј !ons 

АIП 2 -
Ar П 1 4 
BiII 1 
Br 11 1 
СП 1 2 
Са II 1 
ClII 1 -
Cr II 1 
Си II 2 
Ga 11 1 
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(continuation) 

Element Yugoslav authors Others 
Element Ј ugoslovenski аи tori Ostali 

Јп II 1 
Kr II 2 1 
NII 2 1 
Ne II 3 
ОП 1 
РII 1 1 
РЬ II 1 
SII 2 
Sb II 1 
Si П 1 1 
Sn II 1 
Хе II 3 2 

Doub/y charged ions - Dvostruko naelektrisani јоnј 

Ar rп 2 
СIII 1 1 
Сl rп 1 
FIII 1 
Kr III 1 
NIП 1 1 
Ne III 2 -
ОПI 1 
Si!II 1 
Хе III 1 

Т'riply charged ions - Trostruko naelektrisani јоnј 

ARIY 1 
С ЈУ 1 4 
Сl ЈУ 1 
NIV 1 
NeIY 1 -
О ЈУ 1 

Other јоnв - Ostali јоnј 

NY 1 2 
ОУ 1 
О УЈ - 1 
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ISTRAZIVANJA OBtIKA SPEKTRALNIH LINIJA 
U JUGOSLAVIJI 1985-1989 

Nedavno objavljena BibIiogr~fija i ~deks citata о istrazivanjima oblika spek­
tralnih linija и Jugoslaviji, pokrlva perlOd od 1962. do avgusta 1985. (Dimitri­
јеујс, 1990). U periodu od septem~ra 1?~5. ~o dec~mb~a.~989. godine, objavUena 
su 242 clanka koji se odnose па lS.traZ1Vallje Obllka lШlJа (и poredenju sa 371 
clankom jugoslovenskih autora и perlOdu 1962. - avgusta 1985), kao i 4 doktorske 
i 3 magistarske teze. Shodno t~me,. od I?rvog clanka и оуој oblasti (Vujnovic et 
а1., 1962) ра do kraja 1989, О~Јау~еп~ Је. 61_3 bibliografskih jedinica od ukupno 
89 jugoslovenskih autora. BroJ ОЬЈ.аvl]ешh clanak~, autora, diplomskih radova, 
magistarskih i doktorskih teza dat Је za svaku gоdши и Ta.beli 1. 

Istraiivanje oblika spektralnih linija и Jugoslaviji оЈујја se и nekoliko јп­
stitucija i gradova i to и Institutu za fizi.ku и Zemunu, Fakultetu za fiziku i 
Astronomskoj opservatoriji (Beograd), !nstltutu za fiziku Sveucilista (Zagreb)· i 
Prirodno-matematickom faku!tetu (NOVl Sad). . . . 

. U razmatranom periodu i.:tr~i~ani s~ r~~liёiti p.robIerni. StarkovoSirenje 
lјпјја vodonika i vodoniku S!lcnlh Јопа, ISpltl;ano Је па primeru centra1nog 
иЈиЫјепја, pomaka pikova, central~e .~trukture lprofila H-beta linije (426, 427, 
483, 527, 587); sirine Balmer-beta lШlJе Не II (599), i pla.zmenog pomaka linije 
Не II P-alfa (532). painja је takode ~~sv:cena: ~traiiva.nju uticaja granicnog 
sloja izmedu stakla i plazme и. vоd~ШСПОЈ. ~~az~Пl Т-сеуј па intenzitete linija 
(429); profilima (483); odnosu шtе~Zltеtа IIШЈе 1 kontinuuma (428); ј, prelazu 
vodonicnog linijskog spektra и kопtшиum (502). 

Veliki је trud ulozen i и. ~ksperim~nt~ln? od:~divan.je parametara Starkovog 
sјгепја nevodonicnih atoma 1 Јопа. Вйо Је lstrazlvano Starkovo sirenje sledecih 
atoma i јопа: Ar 1, П, пr, ЈУ (411, 431, 472, 545, 581, 606); Бг 1, II (521, 524, 
526, 582); С П, III, IV (407, 522, 530), СI 1, II, Ш, IV (405, 493, 524, 525, 
551, 582); F 1, Ш (524, 525, 582); Не Ј (383, 436, 444, 445, 531, 560, 586 588 
607, 612); I I (523, 524, 582); Kr Ј, П, IП (411, 431, 472, 555, 606, 608); N~ 
I, П, Пl, JV (411, 431, 434, 435, 472, 487, 489, 490, 545, 550, 606); N II, IП, 
IV, V (432, 492, 530, 547); О IП, JV, V (~9~, ~47, 548); Si П (598); Хе П, III 
(411, 431, 472, 606); Zn 1 (380). ТмоЈе, ?1O Ј: lstraiivani uticaj dinarnike јопа 
(471, 588, 531). Da Ы se ilust.rova? dоргшоs Jugoslovenskih naucnika, u ТаЬеН 
2 је predstavUen broj referencl kOJe .se odnose па eksperimentalno odredivanje 
parametara . Starkovpg sirenja, k~ko ~ugoslovenskih autora, tako i ostalih, koji 
su citirani и pregledu Копјеујса 1 Wlese-a (1990) i koji pokriva period оЈ 1982. 
godine. Moze se videti da posebno znacajan doprinos postoji u slucaju visestruko 
naelektrisanih јопа. 

Teorijska istraiivanja Starkovog sirenja nevodonicnih emitera, razvijala su 
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se и vise pravaca. Poseban napor је исјпјеп da se razvije i testira modifiko­
уапј semiempirijski metod (Dimitrijevic i Копјеујс, 1980). Оуај metod, koji је 
и originalnom.oЫiku razvijen za sirine jonskih liпјја, prosiren је па Starkove 
pomake (396, 397, 398, 460, 461, 462, 569, 592), а па osnovu njega је izvedena 
jednostavna formula, koja је posebno korisna и astrofizici (459). O~jт toga, 
razvijen је i jednostavan semiklasicni metod za procenu parametara Starkovog 
sirenja lјпјја neutralnih atoma (3~3, 394, 395). Radilo se takode па razvijanju 
metoda za jednostavnu procenu Starkovihsirina duz niza homolognih emitera 
(400, 573, 574, 575) i па razvoju metoda zasnovanog па sistematskoj zavisnosti 
od jonizacionog potencijala (488, 514, 518). Aproksimativni metodi su testirani 
i korisceni па brojnim primerima (409,410,414,475, 507, 508, 509, 559, 591, 
593, 594, 595, 596, 597). 

Koristeci semiklasicni perturbacioni prilaz (Sahal-Brechot, 1969а,Ь), is­
trazivani su spel,tri sledecih elemenata: Са П, III (392), Си I (581, 614), Си ЈУ 
(512,571), Ar II (403, 404), С ЈУ (465, 467, 511, 515, 576), К Ј (466, 468), Si 
П (478, 534), Si JV (519, 579) i litijumu slicni јопј (578). Istrazivan је i uticaj 
odstupanja putanje perturbera od ргауе lјпјје, usled povratne reakcije neutralnog 
emitera, па Starkovo Бјгепје i fazni pomak (406, 569) kao i uticaj Debajevog 
ekraniranja па Starkovo sirenje па adijabatskoj granici (513, 570, 572) i uticaj 
rezonantnih struktura и preseku za газејапје elektrona, па parametre sirenja 
(392) . 

U brojnim radovima su istrazivane regularnosti i sistematski trendovi ра­
rametara Starkovog sirenja (389, 400, 401, 402, 403, 404, 411, 431, 433, 463, 
466, 468, 472, 488, 492, 501, 519, 520, 524, 544, 545, 546, 547, 548, 551, 559, -566, 605). Takode su istrazivane slicnosti parametara Starkovog sirenja и okviru 
istog multipleta (403, 404), supermultipleta' (403, 404), skupova prelaza (389) 
i spektralnih serija (401, 402, 466, 468, 519), kao i sistematski trendovi za 
isti tip prelaza и homolognim (400, 411, 431, 463, 472, 488, 501, 524, 559) i 
izoelektronskim nizovima (549) а osim toga i zavisnost parametara sirenja od 
rednog broja elemenata i jonizacionog potencijala, sto је kao rezultat daIo proste 
formule, koje su od interesa za astrofiziku (520, 544, 545,547, 548, 551). Takode 
је izvedello istrazivallje s!icllosti i regularnosti и slucaju lјпјја prosirellih sudarima 
sa lleutralnim perturberima, sa сјlјет da se poboljsa Van der Waalsova foгтиlа 
(464, 514, 516). 

PaZnja је posvecena i astronomskim aspektima istrazivanja spektralnih lјпјја, 
kao sto su IјтЬ efekat, profili, asimetrije i bisektori spektralnih lјпјја Sunca 
(382, 415, 416, 442, 443, 477, 498, 499, 500, 611), zastupljenost Na и Suncevoj 
atmosferi (379), spektralna analiza hromosferske егирсјје и Ьеl0ј svetlosti (494), 
spektri Ве zvezda (447, 504), mehanizmi formiranja liпјја neutralnog vodonika 
и zvezdanim omotacima (456, 457, 458), razvoj i slaЫjenje spektra omotaca 88 
Herculis (528), Fe II lјпјје и spektru Ат 15 Vulpeculae (300), Starkovo sirenje и 
spektrima topIih DA ЬеlЉ patuljaka (413, 533), mikroturbulencija i profiIi spek­
tralnih lјпјја (378) i prenos Lajman alfa lјпјје и hromosferskim uslovima (450). 
Na Astronomskoj opservatoriji и Beogradu, и toku је realizacija Beogradskog 
programa za ргасепје spektralnih lјпјја Sunca kao zvezde, и toku 11-togodisnjeg 
ciklusa njegove akti vnosti (446, 559). 
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Da Ьј Бе uspostavila bolja veza izmedu astronomskih posmatranja i teorijske 
interpretacije astrofizickih spektara, vrse Бе takode i istrazivanja prenosa zracenja 
(376, 384, 385, 386, 448, 449,-451, 452, 553, 561)_ 

U nizu clanaka, izucavani su sateliti i difuzne trake NaCd (539, 543, 562, 
604), KIIg (540), NaHg(562), i TlНg(541) ekscimera, kao i spektar i fotohemijska 
produkcija NaCd (529, 584, 585), i LiMg (542) ekscimera, kao i ekscimera u 
slucaju Inetalnih para (486). Takode su proucavani kontinuumi, sateliti i difuzne 
trake (422, 424, 482, 485, 505, 564, 565), i to narocito u slucaju alkalnih para 
(381, 387, 412, 418, 430, 437, 439, 453, 473, 474, 479, 503, 538, 600, 601, 
602, 60З). ОБјт toga, istrazivani su jonizacija pare litijuma kvazirezonantnim 
CW laserskim zracenjem (438, 496), fluorescencija u dimerima i dvoatomnim 
molekulirna (417, 419, 420), laserski indukovana hemiluminescencija (555), su­
darna Populacija atomskih stanja К (589), spektroskopija sudarnih i radijativnih 
procesa od znacaja za interpretaciju spektara dvoatomnih molekula (388,425, 480, 
484, 495, 506, 552, 609), intermedijarni i dugodometni interakcioni 'potencijali 
heteronuklearnih i homonuklearnih alkalnih dimera i kvazimolekula (421, 423, 
481, 50З, 536, 552), i interakcioni potencijali, jacine oscilatora i kvazistaticki 
profili linija Eu-Sr kvazimolekula. . 

Uticaj Jugoslovenskih stvaralaca i njihov doprinos medunarodnim naporima 
па istrazivanju i interpretaciji profila spektralnih linija, dobro ilustruje ЫЫј­
ografija Ба indeksom citata, koja је data u drugom delu_ 
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П.' BIВLIOGRAPHY AND CITATION INDEX 

ВШLIОGRАFIЈА 1 INDEKS CITATA 

INTRODUCTION 

The bibliography with the citation index is divided in two' parts.· Intbe 
first part ~Б given the. citation index of art~cles from 1962-1985 period, given јп 
DimitrijeVH;. (1990), wlth the вате numeratlOn. In the second part isthe mbJiog-

ЬУ of articles ир to Ље end of 1989 (1985-1989 perlOd and the bibliograpbical 
~;:mз not in~luded in ?i~trijevic (1990) and the corres?onding citation јпЈех. 
Besides .the шс~udеd c~tatlOnS,. Р~Р~:Б ?,f Yugoslav SCl~ntlsts are largely cited. in 
the bibl1.ographlcal revlew~: DlffiltПјеVIС (1990), Telekl (19~7) and Вibliografski 
zbornik PMF. (1990) .. Itџеd to see pe~sonally еасЬ paper ~ncluded. After еасЬ 

per of Yugoslav authors,data оп artlcles where theconSldered paper is cited 
~;e given. For citations already existing in the bibliography of Yugoslav authors, 
only short data are given. . 

UVOD 

Bibliografija за indeksom. citata podeljena је u dva de!a. U prvom delu 
dat је indeks citata ё!апаkа iz perioda 1962-1985, koji su usli u prethodni 

reg1ed (Dimitrijevrc, 1990), за istom numeracijom .. U drugom de!u је bibili­
;grafija ё!апakа~О kr~ja 1989 (pe:io.d !?8~:-1990 i bibliografske)e,?i~ice koje nisu 

kljutene u рrеt110dш preg!ed (DlmltПЈеVlС, 1990» 1 odgovaraJucl шdеks citata. 
~зirn uklјuёепih citata, ёlапсi Jugoslovenskih autora Би u velikom broju citirani 
u bibliografskim preglediIIla:. DiJПitriјеviс (1990), Teleki (1987) i Bibliografski 
zbornik PMF (1990).' Svaki uklјuёепi t!anak pokusao зат da vidim litno. Розlе 
svakog tlanka Jugoslovenskih autora, dati Би podaci о ёlапсiта gde је razmatrani 
tlanak citiran. Zаёlankе koji уес postoje u bibliografiji jugoslovenskih autora, 
dati Би samo skraCeni. podaci. 
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(Bibliography аnЈ i:itation јnЈех), РиЫ. ОЬБ. Astron. Belgrade 39. 

Teleki, G.: 1987, Bibliography о! papers о! the Belgrade Astronoтical Observatory 
,research associates published јn the period 1984-1986, Ви!. ОЬз. Astron. 
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SUIV1МARV: First part of the pubIication contains review and analysis of the results of 
spectral 'јпе shapes investigations јп Yugoslavia јп the period 1962-1985, with special 
emphasis оп the importance of such investigations. In the second rar1, the bibIiography 
of the contributions of Yugoslav scientists is given, togehter with the citation index. 

о 

REZIME: U prvom delu pubIikacije dat је pregled i anaHza istrazivanja obIika spektralnih 
'јпјја u Jugoslaviji u periodu ~ 962-1985. godine, ргј cemu је posebna paznja posvecena 
znacaju ovakvih istrazivanja. U drugom delu data је bibIiografija radova jugoslovenskih 
istrazivaca, sa istorijatom uticaja svakog objavljenog dela па savremenu nauku, по је 
шадепо пауодепјеm j~yoгa u kojima su objavljeni clanci c1tkani. 





РААТ I - ОЕО I 





1. SPECTRAL LINE SHA?ES INVESТlGATION IN YUGOSLAVIA 1962-1985 

As the typical information јп astronomy is obtained Ьу analyzing the radiation. 
fhe understanding of astгophysical spectral 'јпе shapes is of great importance. Spectral 
lјпе shapes аге ап important research field, paгticularly јп special laboratoгies and 
institutions formed јп order to provide basic physical data to astronomers, as e.g. Ј I LA 
(Јоiлt Institute far Laboratory Astrophysics) јп 8oulder. Stark and other Ьгоаdелiпg 
mechanisms far lines јп astrophysical spectra аге also investigated \Nithin the comission 14 
of the Iди far fundamental spectrosopic data. 

Турјсаl probIems wheгe spectral 'јпе shapes investigation is important, тау Ье 
devided јп following groups: '-

1) Ouantitative апd qualitative investigation of laboratory and astrophysical 
plasma spectra; 

2) diagnostics of laboratory and astrophysical plasma; 
3) research copnected with termonuclear fusion and laser produced plasma; 
4) determination of сћетјсаl abundances 'In stellar atmospheres using absorption 

lјпе profiles; 
5) investigation of recombination radio IIhe profiles јп iопized hydrogen regions 

15 e.g. ОГioп пеЬиlа; 
6) radiation transfer through stellar and I!'boratory plasmas. 
Spectral lјпе shapes enter the analysis of а stellar spectrum essentially јп twO ways: 
а) Selected lines from which we may derrive information about steHar parameters 

require reliabIe lјne shape theary and data af high accurat;:y for the contribution af thJ' 
тајп broadening mechanism. 

Ь) For the bulk of (~ 106) lines, as well as for smaJler contributions to the main 
broadening mechanisms, broadening parameters of опlу rтюdеst accuracy аге sufficient. 
Such lines опlу add together ta the total absorption coefficient, which determines the 
atmospheric stratrtication, and we need опlу the gOod average accuracy while the 
ассигасу for а particular lјпе is nat so important. 

"Stellar spectroscapy depends оп уегу extensive list of elements and lјпе transitians 
with their atomic and lјпе broadening parameters. I! is difficult to state јп general terms 
which аге the relevant transitions since the atmospheric compositian of а star is nat 
kпown а ргјогј, and тапу interesting groups of stars exist with Уегу ресиliаг abundances 
as compared to the Sun. 

Тће interest for lјпе broadening data is stimulated alsa Ьу the development of 
space research. Using space spectroscopy, ап extensive amount of speCtroscopiC" 
information оуег large spectral region of аll kind of celestial objects has Ьееп and will Ье 
collected, stimulating lјпе shapes research. 

• 

Since the first апјсlе оп this topic (Vujnovic et аl., 1962) up to the august 1985, 
371 pubIications concerning lјпе shapes investigations have Ьееп pubIished Ьу 68 
yugoslav authors. The питЬег of pubIished articles, authars, 8.Sc., M.Sc., аnd Ph.D. 
thases are given јп ТаЫе 1 Јаг еlJегу уеаг. Опе might paint out that 113 articJes аге 
pubIished јп iпtеrnэtiопа! јсurпаlS during considered period. Also, 11 8.Sc., 15 M.Sc. аnd 
9 Ph.D. thзsгs have bг~n d~m;;, Among те pubIished articles 15 "је јп Astronomy and 
А~ј'орhуiэјС5 зпd "1 јп A$tr6~ri,/:;ic.aJ Journal. 
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Iп pubIished papers, different probIems from this research field have Ьееп 
considered. Stark broadclling investigation of hydrogen апс: :lydrogen-like emitter lines, 
has а great practica: importanee and the corresponding Jttention has Ьееп payd јГЈ 

Yuooslavia 'а this ргоЫет (1,4,6,71,73,78,79,86,98,110,123,128,129,142,143, . . 
151, 152, 154, 179, 216)., Yugos!av scinetists have experimentally cletermined Balmer line 
profiles (1, 4, 73, 151, 152), have studied broadeni!lg cf thз D р !јпе wings (6) вs well as 
t!1e neutra! hуdгоgеп and ionized hydrogen lјпе shifts (129,154). Particular attention has 
Ьееп рауа to the investigation of the iоп dynamic iпfluепсе оп the neutral hydrogen lјпе 
shifts (154). Calcu!ations of hydrogen lјпе shapes were carried out also (143), aswell as 
the study of back reaction influence оп hydrogen lјпе far V'лпgs (110, 123). Hydrogen 
spectrLJm пеаг the ionization limit was inve5tigated аl50 (86, 142,216). 

Iпfluепсе of typical соlаег boundary lауег јп Т -tube, оп hydrogen plasma spectral 
liГ1е 5hape5 was аl50 examined (78, 79,98, 179). The results show that liпе widths аге 
ј<Н'1ег when the eonsidered cffect Ј5 taken jnto account, апа that the influence of the 
rne:1t'ioned effect inereases if tl'!mperature and distance from the 'јпе center increase. 

Up to date, а large experimental work оп Stark broadenjng for nonhydrogenie 
emitters has Ьееп dопе јп world and Yug05lavia, јп laboratory plasmas with Ne = 2 х 
1013 _ 4 х 1017ет-3 and Т = 2 х 103 - 6 х 104 к. Iп figures 1-4, the situation 
aecording to the eritical analysi5 of experimental data (91, 92, 310, 311) ј5 shown as well 
а5 the Yug051av re5earch workers eontribution (papers up to the middle of 1982). Iп 
figure5 аге marked only 5ueh nonhydrogenie atoms and ions for which reliabIe 
experimental data аге given јп mепtiопеd review article5. With dot5 аге marked element5 
if опlу mea5urements of поп Yugos!a\1 authors аге given, and with lines if there аге only 
contribution5 of Yug051av authors. We 5ее јп the figure5 thэt Stark broadening parameter5 
аге e5pecial1y known for lighter elements. Опе сап 5ее also that number of data decrease 
with the јпсгеа5е of ionization degre,~. Iп the time of the pubIication of review artiele5 
(310, 311), геlјаЫе ехрегЈтеп!аl data for попhуdгоgепiс ions four and тоге times 
charged did по! exi5ted. 

Iп tabIe 2 ј5 5ummarized experimental work of Yugoslav scinetist5 оп nonhydroge­
пје 5pectral IЈпе5 Stark broadening determination ир to the middle of 1985. From 1962 
ир to the august of 1985, Stark widths of 360 lines have Ьееп measured for з8 element5 
of 58 different emitter 5ресје5, if оп'€! take5 into aeGOunt different ioni5taion stage5 a150. 
Stark shift of 187 lines for 31 element and 33 different emitter species have Ьееп 
mea5ured al50 and а пеw experimental technique for Stark shift measurement has Ьееп 
developed (44). Re5ults obtained dщiпg experimental investigations of nonhydroqenic 
етјНег Stark broadening have Ьееп reported јп 98 papers. 

Theoretical inve5tigations of поп hydrogenic emitter Satrk I:>roadening were 
developed јп several direction5. Iп the frame of semiempirical арргоасћ, iпvеstigаtюпs ат 
the applicability of exi5ting theo,'Y have Ьееп done (14,15,27,127,150,166,167,169) 
and new appraaches (166, 167, 169,199,278,302,3411 .specially conv.n;.nt јаг qUick 
calculations of а large number of lјпе5 have Ьееп developed too. Particularly succe5sful is 
the modified semiempirical approach (200,305,342). Such inve5tigations have Ьееп done 
al50 јп theframe of semicla55ical approach (38, 57, 87, 88,163,167,168,233,234,241, 
265, 268,271, 272, 274, 277,295, 299, 304, 306, 307, 343,3481. The theory јаг 
multiply charged iоП$ ~1<JS Ьееп improved (145, 150, 169}. Stark broadening parameter5 
Јо, larg" пото,г 01 liпсз ОТ Н. I (234,271,272,274,299,306,307,345,3461, Na I 
(343, 344), к 1 (347) с;П(Ј other еlеmепt5, were ealculatec!. ТI,e 5ресјаl attention ћа5 Ьаеп 
payed to the spectra! i:nes of heavy nonhydrogenic neutrcls јп р1а5та (232, 268, 297, 
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30.4). The work оп а пеw quantum mechanical approach to the Stark broadening of 
neutral helium started aiso (149) and the fir5t complete quantum rnechanical (strong_ 
coupling) calculations for а nonhydrogenic neutral (196, 197) has Ьееп carried out. 
Research оп Stark broadening of muJtiply chaгged ioons Was developed especially 
intensively. Iп this research field, the rтюst of ехрегimелtаl (2,54,55,59,68,70,80.-84, 
94,102,116,117,135,158,205,312) andtheoretical (68,80, 102, 116, 117, 123, 135, 
146, 150, 158, 163-167, 178, 194, 198, 201, 233) ге,иl!, pubIi,hed јп (ће period 
considered have Ьееп obtained Ьу Yugoslav authors. The influence of the perturber path 
deflection from straight liле, due to the back reaction of neutral emitter (88, 89,-110., 
123-126, 147, 148, 300., 301) оп Stark broadening has Ьееп investigated also. Results 
obtained show that the influence of the effect considered, increases with the decrease of 
temperature and with the increase of atom polarizaЫJity. Iп order to take into- account 
this effect, coгresponding modifications within serniclasiscal (123, 126) and adiabatic 
(147) theoгy hdve Ьееп made. 

Iп several papers were investigated поп isolated heliulТl. lines with forЫdden 
components Јп laser produced plasma (224, 333, 334~ 335, 364, 371), influence of DеЬуе 
screening(242,зo.8) influence of different collisional processes оп line broadening (231,-
267) as well as the yield of resonances (autoionization) to the Satrk Broadening (230.,' 
266), 

Iп -lаГ9е number of papers, regularities '1nd systematic trends of Stark 
broadening рагате!е" have Ьееп '!udied (53, 69, 104,105,108,109,113,137,138, 
145,153,155,159,160,165,170-172,175, 183-186,193,204,206,212,215,225, 
229,241,2:43,247, 253, 256, 264, 279, 280, 286, 289, 290,307, ЗС8, 312, 313, 326). 
Similarlties of Stark Ьroаdепiпg parameters within the same multiplet and transition 
аггау, have Ьееп examined. Also, systematic trends for the same type of transitions 
within а homol090us апd isoelectronic sequence апd within а spectral series, have Ьееп 
studied as well as the dependence of Stark broadening parameters оп iопizаtiоп potential 
(184, 185, 186, 213, 303, 325, 339, 340), giving а' !he ге,иl! ,јтрlе !огтиlа, о! 
astrophysical importance (339, 340, 353, 360., 361). Dependence оп element ordinal 
пumЬег has Ьееп investigated too (183, 207, 214, 253). 

During lјпе shapes studies, attentlon has Ьееп рауесЈ апd to ршеlу astronomical 
probIems. The influence of rotational motions оп spectral liпе profiles јп solаг 

prominences and spiculas (121, 122, 141), Stark broadening of heavy solar ions (195, 
226), experimental~y measurabIe consequences of anomalous red shift оп the symmetrical 
spectral IЈпе shape (93) and the influence of different liпе broadening mechanisms оп 
solаг lјтЬ effec! (332, 368, 369, 370) ha, Ьееп ,!udied. 

Particularly often аге cited and used critical reviews of experimental data for Stark 
brodening parameters of пеutгаl (91,310) and ionized (92,311) emitters. Iп these 
reviews, ауајlаЬ/е ехрегimепtаl data аге systematized and critically evaluated, which 
епаЫе their easier аррliсаtiоп Јп astronomy and physics research fields. 

Сотрlех experimental device with absorption cells and heat-pipe (see fig. 9), for 
the spectroscopic investigations јп emission and absorptlon, has Ьееп developed јп the 
Institute of physics of the University јп Zagreb. Uslng this device, јп а series of papers, 
,"l! broadening in alkali metal уаро" (64, 65, 76, 96, 97, 1 ОО, 111, 115, 131, 157, 176, 
181,182,191,209,211,218,261) and ,еl! broadening о! ТI 3]7,6 пт lјпе (132, 133) 
has Ьееп studied. Assymetry of ргЈпсЈраl series lines of CS (52, 60, 61, 66, 67,99,156) 
and АЬ (~56) was particularly investigated, far wings were studied and interaction 
potential and Van der Waals constant were determlned usiпg the ргјпсЈраl series of Cs 
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(62, 63, 77, 130) and АЬ (130). Also, peculjar wjng а"УlЛеtгу of Lj and Na (292) . . 
resonance 1ines has Ьееп examined. 

Iп several papers influence оп spectral liпе shapes of emitter (apsorber) поп 
resonant interaction with neutral atoms has Ьееп examined. Van der Waals interaction јп 
excited alkali dymers (356) has Ьееп studied. Wings (especially their assymetry) of Na 
lines broadened Ьу collisions with Cs, АЬ and.K (328, 329), Wiпgs of К lines broadened 
Ьу collisions with Cs (187, 188,217) and дг (250), interaction potential between К аnd 
Аг (2З5, 236, 275) and the influence of К-АЬ collisions оп К lines within impact 
approximation (260, 291,297) have Ьееп investigated. 

Interference and diffuse continua јп the Rb2 spectrum (285, 318, 354); triplet­
triplet transitions јп dense lithium vapors (330); triplet satellites јп the spectrum of alkali 
hormnuclear molecules (316,367); satelljtes јп alkalj metal Ijne. (144, 190,221,319); 
diffuse bands јп absorption and emission spectra of dense Li, Li2, Na, Na2, К, К2 and RЬ 
(251, 252, 283, 284, 316, 317, 320, 321 , 322, 357. 365) and also tjrplet satellite Ьаnd. јп 
the wjngs of alkali linos (177, 189, 192, 210, 219, 262, 263, 293, 294, 331) hav. Ьееп 
studied. Finaly, influence of collisional processes оп lјпе shapes connected With 
redistribution and radiative transfer ргоЫет (140, 161, 180,298) has Ьееп examined. 

In- order to See the contribution of Yugoslav scinetists. опе might analyse al50 
BibIiographies оп atomic spectral lјпе shapes and 5hifts for the реГјod 1889-1978 (Fuhr 
et аl. 1972, 1974, 1975, 1978 - complete references аге after the introduction јп Part 
11). Among 16 researchers with the largest number of bibliographic unities аге 4 Yugo51av 
scinetists (see ТаЫе 3). 
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2. iSTRAZIVANJA OBLIKA SPEKTRALNIH LINIJA U JUGOSLAVIJI1962-1985 

s obzirom da se informacije о kosmosu уап Suncevog sistema dobijaju analizom 
zгacenja, proucavanje i analiza astrofizickih spektara imз veliki znacaj. Istrazivanje 
spektralnih 'јпјја је od vaznosti za istrazivacke programe specijalnih laboratorija i 
institucija osnovanih sa ciljem da obezbede QSnOVne fizicke podatke astronomima, kao па 
ргјтег JILA (Joint Institute for Laboгaroty Astrophysics) u Boulderu. Proucavanje 
obIika spektralnih 'јпјја је takode predmet rada komisije 14 za fundamentalne 
spektroskopsk.e podatke, Medunarodne astronomske unije. 

Тјрјспј рroЫетј za koje је vazno proucavanje obIika linija mogu se podeliti па 
sledece kategorije: 

1) kvantitativno i kvalitativno ргоисауапје spektra iz laboratorijske i astrofizicke 
plazme; 

2) dijagnostika laboratorijske ј astrofizicke plazme; 
3) istrazivanja vezana za termonuklearnu fuziju ј laserski proizvedenu plazmu; 
"4) odredivanje zastupljenosti pojedinih elemenata u zvezdanim atmosferama па 

osnovu profila ·apsorpcionih 'јпјја; 
5) ispitivanje pгofila rekombinacionih radiolinija u obIastima jonizovanog vodonika 

kao !to је maglina u Огёопи; 
6) ргouсауапје transfera zracenja kroz stelarnu i laboratorijsku plazmu. 
Prilikom analize zvezdanih spektara, podaci о obIiku spektralnih lјпјја ulaze u 

оsпоvrюm па dva пасјпа: 
а) Izabrane linije роmоси kojih se mogu doblti podасј о nekim ројауата i paramet­

гјта zvezd9nih atmosfera, zahtevaju detaljnu analizu i pouzdanu teoriju obIika spektralnih 
'јпјја. 

Ь) Za veliki Ьroј lјпјја (106), kao ј za тапје doprinose glavnom mehanizmu sirenja 
'јпјја, dovoljno је poznavati parametre sirenja sa mапјот tacnoscu. ОЫјсј takvih 'јпёја 
zajednicki odreduju totalni koeficijent apsorpcije, i potrebno је samo poznavanje 
parametara sirenja sa dobrom sredr.jom tacnoscu, dok tacnost pojedinog podatka пјје 
to liko vazna. 

Za proucavanje zvezdanih spektara potrebno је роzпаvапје atomskih parametara ј 
рагатеtзга sirenja spektralnih lјпјја za izuzetno veliki Ьгој prelaza u spektrima razlicitih 
atoma ј jonizacionih stanja. S obzirom da hemijski sastav zvezdane atmosfere пјје poznat 
а ргёогј, teSko је. unapred гесј koji SU пат sve podaci potrebni, а postoji mnogo 
interesantnih grupa zvezda ёјјј hemijski sastav znatno odstupa od Suncevog. 

·Interes za podatke о оЫёсјта spektralnih lјпјја stimulisan је takode razvojem 
kosmickih istrazivanja. Koristeci kosmi~ku spektroskopiju, prjkuplj~na је i prikuplja se 
velika koli~ina spektгoskopskih informacija u sirokom spektralnom podrucju, za 
kosmi~ke objekte razlicite vrste, 510 posebno podstice istrazivanja obIika spektralnih 
'јпјја 

• 

Od prvog ~Ianka u оуој оЫапј (1),68 jugoslovenskih naucnika је objavilo 371 rad 
о istraf:ivanju obIika spektralnih 'јпјја, u periodu do avgusta 1985. godine~ 8гој 
pubIikacija, autora, diplomskih radova, magistarskih i doktorskih disertacija ро godini dat 
је u Tabeli 1. ТгеЬа naglasiti da је оо 371 objavljenih radova, 113 u medunarodnim 
casopisima kojih SU 15 u ~stronomy and Astrophysics а' 1 u Astrophysical Journat. U 
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razmatranom periodu odbranjeno је 9 doktorskih i 15 magistarskih teza kao ј 11 
diplomskih radova. 

U objavljenim radovima razmatrani su razlil:iti ргоЫетј iz оуе obIasti. Prou'~av_anje 
Staгkovog sirenja liпјја vodonika ј vodoniku slicnih emitera јта veliki prakticni zna~aj ј 
kod nas је ОУот probIemu posveeena odgovarajuca paznja (1,4,6, 71,73, 78, 79,86, 98, 
110, 123, 128, 129, 142, 143, 151, 152, 154, 179, 216), Nasi istrafiva~i su 
eksperimentalno odredivali profile Balmerovih liпјја (1, 4, 73, 151, 152), istraiivali sirenje 
па krilima Ор 'јпјје (6) kao i pomak 'јпјја neutralnog vodonika ј jonizovanog helijuma 
(129, 154), ргј cemu је narocita paznja posvecena ispitivanju uticaja dinamike јопа па 
pomak 'јпјја neutralnog vodonika (154). Takode su izvedena i izrafunavanja profila 
vodonikovih 'јпјја (143), kao ј_ ispitivanje uticaja povratne sprege зtоmа vodonika kojJ 
zraci i perturbujuceg elektrona, па daleka krila vodonikovih 'јпјја (110,123). VrSena su ј 

istrazivanja vodonikovog spektra kod granicejonizacije (86, 142,216). 
Ispitivan је takode uticaj tipifnog hladnijeggrani~nogsloja kod vodonifne plazme 

u т cevi, па profile spektralnih lјпјја (78, 79, 98, 179). Rezuh:ati pokazuju da su :_ sirine 
lјпјја vece kada se razmatrani efekat Uzme u obzir, kao i da uticaj ovog efekta raste sa 
РОУесапјет temperature kao i sa udaljavanjem od centra IiпЈје. 

Оо danas је u svetu i kod nas izvrsen оЫтап eksperimentalni pOsao па istrazivanju 
Starkovog sirenja IiпЈја nevodonicnih emitera, u laboratorijskim plazmama gustine 2 х 
101 3 _ 4 х 101 7 ст-3 i temperature 2 Х, 103 - 6 ~ 104к. Na slikama 1-4 data је analiza 
postojanja pouzdanih eksperimentaJnih podataka u оуој obIasti ргета kritifkoj anal;z; 
Капјеу;са i dr. (91, 92, 310, 311) (Radovi objavljeni do sredine 1982), kao i doprinos 
nasih istrazivaca. Na sematskim prikazima dela periodnog sistema, nazna~eni su sзmo опј 
nevodanicni atomi i јап;, za koje postoje pouzdani eksperimentalni podaci za Starkove 
parametre najintenzivnijih lјпЈја. Na tackastoj podlozi dati su elementi za koje su merenja 
izvrsili samo inostrani istгзzivаCi dok је pola podloge srafirano ako ропоје podaci ј nasih 
autora. Na srafiranoj podlozi dati su elementi za koje su svi rezultati dobijeni od nasih 

• 
istrazivaca. Na оујm slikama se vidi, da su Starkovi parametri narocito dobro poznati kod 
laksih elemenata. Takode se vidi da broj dostupnih podataka opada sa porastom stepena 
jonizacije, te kod atoma koji su jonizovani 4 i vise puta, pouzdani eksperimentaJni podасј 
za nevodonicne slucajeve u угетепи оЬјаУlјјуапја preglednih ~Ianaka (310, 3111 nisu 
postojali. 

Eksperimentalni rad nasih istrazivaca па odredivanju starkovih parametara nevodo-, 
nicnih spektralnih 'јпјја do sredine 1985. godine, sumarno је prikazan u Tabeli 2. Od 
1962. godine ра do avgusta 1985. godine, izvrSen је obiman posao u toku koga su 
izmerene Starkove sirine 360 IЈпЈја, za 38 elemenata odnosno 58 razlicitih -vrsta emitera 
ako uzmemo u ozbir i jonizaciona stanja. Izmereni su takode i Starkovi ротасј 187 lјпјја 
za 31 element оdпоsпо 33 razicitih emitera, ргј сети је razradena ј поуа eksperimentalna 
tehnika za тегепје Starkovih pomaka (44). Rezultati do koJih se doslo u eksperimental­
пот ispitivanju Starkovih parametara nevodonifnih emitera !;aopSteni SU паи~пој 'javnosti 
u 98 radova. 

Teorijska istraiivanja vezana za probIematiku Starkovog зЈгепја nevodonicnih 
e!emenata odvijala su se u vise ргауаса. U akviru semiempirHskog prilaza probIemu, vrsena 
su ispitivanja primenijivosti postojece teor1je (14, 15, 27, -;'17, 150, 166, 167, 169) а 
fcmlUlisani su i nov: oriiazi (166, 167, 169, 199,278,302,341) specijalno роgоdпi zэ 
'сг-:::г l::rc;tJC';1 :п,s'/аl1iа '.i,;,ii:,og Ьгоја јјпјја. Nэгосiti uspf)l~ pokazao ј.э МоdiЛ~<оvэпi 

j~ -.;>::i_'':::Ј,,!:..-;-~i ,:,-:.:;::: i ~C;:, 305,< 342). Ova~<va ISt;azi'.""ja vrssna su i 1..1 O~{viru 
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274, 277. 295, 299, 304, 306, 3Т7, 34З-348} pri cemu је izvrseno (:.{.!boljSanje teorije za 
visestruko jonizovane a'tQme (145, 150, 169) i izracunati parametri siren}a za veliki Ьгој linija 
Неl (234,271,272,274,299,306,307,345,346), Nal (343,344), К I (347) i drugih 
elemenata. Posebna painja posveeana је liпјјаmа teskih пеvоdопiспii, neutrala u plazmi 
(232,268,297,304). TakoBa је zapocet rad па jednom novorn kViJntno mehanickom 
pгilazu sirenja lјпјја neutralnog hеliјurтщ (149) i izveden prvi potpuni kvantno 
mehanicki proracun za pararnetre Starkovog sirenja nevodonicnog г;эu'tгаlа (196, 197). 
Narocito se intenzivno odvijao rad па istraiivanju Starkovog sirenja kod viSestruko 
jonizovanih emitera. U оуој obIasti, уесјпа eksperimentalnih (2, 54, 55, 59, 68, 70, 
80-84,94,102,116,117,135,158,205,312) iterorijskih (68,80,102,116,117,123, 
135, 146, 150, 158, 163-167, 178, 194, 198, 201, 233) rezulta'a objavljenih u 
razmatranom vremenskom periodu dobljena је u naso; zemlji. Istraien је i utlcaJ 
odstupanja putanje perturbera od pravolinijske, usled povratnog dejstva neutralnog 

" emitera (88,89,110,123-126,147,148,300,301) па Starkovo siren;e spektralnih 
Нпјја. Rezutati su pokazali da uticaj efekta raste sa smanjen;em temperature i sa 
роуееапјет polarizabilnosti atoma. Оа Ы se efekat uzeo u obzir, izvrsene su odgovarajuce 
modifikac:je u okviru semiklasicne (123, 126) i adijabatske teorije (147). 

U nekoliko radova istrazivane su neizolovane linije helijuma sa zabranjenim 
komponentama u laserski proizvedenoj plazmi (224, ЗЗ3, 334, 335, 364,371), uticaj 
Debajevog ekraniranja (242, 308), шјсај razlifitih sudarnih procesa па sirenje lёпЈја (231, 
267) kao i doprinos rezonanci (autojonizacija) Starkovom sirenju (230,266). 

U velikom broju radova proul:avane su regularnosti i si5tematski trendovi kod 
S,arkovihparameta,aspekt,alnih 'јпјја (53,69,104,105,108,109,113,137,138,145,153, 
155, 159, 160, 165, 170-172, 175, 183-186, 193, 204, 206,212,215, 225, 229, 
'241,243-247, 253, 256, 264, 279,280, 286, 289, 290, 307, 308, 312, 313, 326). 
Proul:avane su slicnosti kod Starkovih parametara Ijnlja u okviru i5t09 multipleta i grupe 
supermultipleta. Takode su ргоисауапј ј sistematski trendovi kod Starkovih parametara 
za isti tip' prelaza u okviru jednog hоrтюlogпоg kao i izoelektronskog niza i spektralnih 
serija а izul:avana је i zavisnost parametara Starkovog sirenja od jonizacionog potencijala 
(184, 185, 186, 213, 303, 325, 339, 340) !to је kao rezul!a' dalo p,oste formule od 
znal:aja za astrofizil:ka ргоисауапја (339,340, 353, 360, -361). Takode је razmatrana i 
zavisnost Starkovih parametara od rednog broja elemenata (183, 207, 214, 253). 

Prilikom proucavanja obIika spektralnih liпјја, painja је posvetena i astronomskim , 
probIemima. Aazmatran је utica; rotacionih kretanja па profile spektralnih lёпЈја u 
Sunl:evim рromёпепсЈјата i spikulama (121, 122, 141), Starkovo siren;e teskih јопа па 
Suncu (195, 226), eksperimentalno merljive posledice anomalnog crvenog pomaka па 
oblik simetricnih spektralnih lёпјј.а (93) i uticaj razlicitih mehanizama sirenja spektralnih 
јјпјја па Limb efekat па Suncu (332,368-370). 

Izuzetno se l:esto роmјпје i koristi u inostrano; literaturi kriticki nreg;ed 
eksperimentalnih podataka za Starkove parametre neutralnih (91, 310) i jonizovanih (92, 
311) emitera. U оујт pregledima sistematizovani 5и i kriticl<i procenjeni dostupni 
eksperimentalni podaci iz razmatrane obIasti, sto је omogucilo njihovu siru primenu u 
nekim oblastima astronomije i-fizike. 

U !nstitutu za fiziku sveucilista u Zagrebu, razviejn је slozeni eksnerimentalni 
ureoaj SJ apsorpcijskim ki'Jata~Y',J ј toplovodnim ресёта (heat-pipe) _ kombinovanim sa 
ti;\јэјu:ii;-Ј рпзZnјепјеm, ;;:з sPt:':':t:-'-::Ј5kорskа proucavanja u emisiji i 8;>,;:)Грсјјё (vidi sl. 9). 
I'Јэ nje;,'~'..] је u пizu radc\t" i5t'-:Ј.~i\f<.iПО rezonantno sirenje u рагаfЛ8 a1kalnih metala (64, 
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85,76,96,97, 1СО, 1"11, 115, 131, 157, 176, 181, 182, 191,209,211,218,261) i 
rezonantno sirenje linije 377,6 пт tэliјuma (132, 133). Рг! tome је рosеЬпо ргоисауапа 
asimetrija linija glгvпе serije Cs (52, 60, 61, 66, 67, 99, 156) i Rb (156) i ispitivana su 
daleka krila liпiја, te odredivani potencijal iпtегаkсiје ј Van der Valsova konstanta, 
ротоси gtavne serije Cs (62,63,77,130) i АЬ (1ЗО). Takode је istrazivana pekulijaгna 
asimetrija krila геZОПЭlltпih lјпЈја li i Na (292). 

U vacem broju гadova vrSena su istгazivanja uticaja nerezonantne interakcije 
emitera (apsorbera) sэ пеutгаlпim atomima па profil spektralne 'јпјје. Ргоисауапа је Van 
der Valsova interakcjja u pobudenim alkalnim d'imerima (356), Ispitivana su kгila IЈпЈја 
(1 to posebno asimetrijaJ natrijuma prosirenih sudarima sa Cs, АЬ i К (328,329), zatim 
krila 'јпјја пеutrаlпоg kalijuma,' prosirenih sudarima sa Cs (187, 188, 217) i Аг (250), 
potencijal interakcije izmedu К i Аг (235, 236, 275) i uticaj K-Rb sudara па, liпјје К u 
sudarnoj aproksimacjji (260,291,297). 

Razmatrani su i interferentni i difuzni kontinuumi u Rb:z spektru (285, 318, 354), 
triplet-tripletni prelazi u gustim рагата litijuma (330ј, tripletni sateliti u spetkru 
homonuklearnih moelkula alkalija (316, 367), sateliti u IЈпјјата alkalnih metala (144, 
190, 221, 319), difuzne trake u absorpcionirn i emisionim spektrima Li, Li:z, Na, Na:z, К, 
К" i Rb (251, 252, 283, 284,316,317,320,321, 322, 354, 357, 365) i tripletne 
satelitske trake U krilima spektralnih lјпјја alkalija (177, 189, 192, 210, 219, 262,263, 
293, 294, 331). Osim toga izu~avan је i uticaj sudarnih procesa -па obIik liпјје, u vezi sa 
ргоЫетот redistribucije i prenosa zracenja (140, 161,180,298), 

Uvid u doprinos jugoslovenskih .istrazivaCa iТ!oze se роъti6i i analizom BibIiografija 
о оЫЈсЈmа i ротасЈта atomskih lјпЈја u регјoclи od prvog rada u оуој obIasti objavljenog 
1889. ра do 1978. (Fuhr et аl. 1972, 1974, 1975, 1978 - potpune reference su date 
posle uvoda u drugi deo). Меди 16 naucnika koji su u оуот регЈodи zastupljeni sa 
пајуесјm Ьгојет referenci, nalaze se i 4 јugоslаvепskа istrazivanja (vidi Tabelu 3). 
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TABLESAND FIGURES - TABELE I SLIKE 





т аЫе 1. Number of articles, аuttюгs, B.Sc., M.Sc., and Ph.D. theses јп the period 
1962-1985. 

. . 

Tabela 1. Вгој гоооуа, autora, diplomskih. i magistarskih radova i doktorskih disertaclja 'Ј periodu 
1962-1985. 

Уеаг No of pubIications No of authors B.Sc. M.Sc. Ph D, 

godina Вг. flanaka Вг. autora Dipl. Мао. Dokt. 

1962 1 1 
IР63 О 

1964 2 2 
1965 1 1 
1966 О 

1967 О 

1968 2 4 
1969 4 4 1 
1970 15 13 
1971 11 9 1 2 
1972 10 11 1 
1973 10 3 2 1 
1974 16 16 1 1 
1975 14 15 2 1 
1976 23 16 1 1 
1977 13 14 1 1 1 
1978 23 16 1 1 
1979 17 14 1 
1980 30 19 1 
1981 26 17 1 1 
1982 46 19 1 2 

1983 31 19 1 
1984 41 22 1 1 
1985 35 21 1 1 

, 

ТаЫе 2. Atom and јоп Stark brnadening parameters w and d measured Ьу Yugoslav 
scientists. With а is denotHd Jose~'hson type plasma 5Qurce; Ь - pulsed аге; е - Т -tuЬе;d­
wall stabilized аге; е - Z-pinch; f - shoek tube; 9 - pulsed discharge јп а holow cathode. 
Tabela 2. Atomi i joni za koje $U Jugoslovenski istrafival:i merili ~tarkave parametre w i d. Sa а је 
оzпаёеп izvor plazme Ofozef50nO\lOg tipa; Ь - in1pul5ni luk; с - т -cev; d - zidno ...... tabillsani luk; е 
- Z-pin~; f - udarna cev: 9 - Varnil:no praznjenje 5а юрlјат katodom 

__ о 

Element No of lines fo,' Plasma SQurce Т(КЈ Refereilces 
Element which js measured izvor plazme Reference 

Вгој linija za 
koje је mereno 

w d ----_ .. 
Hel 2 2 а,Ь 3700-39000 23,358 
L ј ! 2 2 с 15000-26000 113,119 
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ТаЫг 2 (continue:i) 

CI 9 d 12500-12700 40,51, 72, 
162 

FI 28 9 с, d, е 17500-36200 39,107,120 
203,295 

Nal 2 2 с 15000-26000 85, 106, 113 
119 

AI 1 3 с 17500 173,208 
Si I 10 10 с 8700-25000 50,54,55, 

70,258 
CI 1 7 3 Ь, е 8800- 9700 18, 19, 20, 

33 
Аг 1 9 d 10100-12500 36,45,46 
KI 2 2 с 15000-26000 85,113,119 
Rbl 2 2 с 15000-26000 113,114,119. 
С> 1 1 1 с 15000-2БUОО 173,208,248, 

363 
Nel 20 20 с 12000-25000 258,255,324, 

359 
col 5 5 с 1370U-18100 254,258,287 
Ni I 1 1 с 13700-18100 258 
Си 1 2 2 с 13700-18100 258 
Zn 1 3 3 с 13700-18100 258 
Pd 1 1 1 с 13700-181 ОО 258 
Ag 1 2 2 с 13700-18100 254,258 
8г 1 5 d 9400 314,315,351 
Hgl 3 3 с 13700-181 ОО 258 
1 п 1 4 4 с 13700-18100 258,259 
8е 11 2 2 С,е 14200-34800 32,43,44, 

49 
С 11 2 Ь 26300 136 
NII 16 Ь,с,е 16200-32800 17,30,39, 

84,205,237, 
351 

011 21 Ь 25900 81,82 
F 11 5 Ь 24200 94,101,116 
Ne 11 9 Ь 28300 118,134,313 

350 
Mg 11 2 3 С,е 14200-34800 43,44,48 

49 
Si 11 16 16 с 8700-26000 .21,26,43, 

54,55, 70, 
103,139,258, 
282,288 

CI 11 35 32 , 
О,С 1 3330 -18600 22, 28, 29, 

33,35,43 
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ТаЬ!е 2 (Continued) 

Аг 11 23 23 с, • 8500-31800 7,16,43, 
54,58,205, 

238,276,313,350 
Са 11 5 5 С, е 10300-34800 34,37,43, 

44,48,49 
5г 11 6 6 С,е 10300-34800 34,43,44, 

48,49 
8а 11 5 5 С,е 14200-34800 32,43,48, 

49 
Р 11 5 5 С 6000-20000 247, 256,280, 

286,363 
1 п 11 1 1 С 13700-18100 258,299 
5п 11 1 1 С 16000-20000 247,256,280, 

286,363 
5ЫI 1 1 С 16000-20000 247,256,280, 

286,363 
Сс 11 3 3 с 13700-18100 258, 281 
Хе 11 5 f 8000-10000 249,276,290, 

313,327,350 
Кг 11 3 f 8000-1"000 290,350 
АI 11 3 3 с 16000-20000 363 
РЬ 11 3 3 с 16000-20000 247,256,280, 

, 286 363 , 
8ј 11 4 2 С 16000-2000u 247,256,280, 

286,363 
Ne 111 2 Ь 34000 312 
Кг 111 1 Ь ·26000 3 12 
Хе 111 1 Ь 27000 312 
N 111 4 Ь 24300 84 
0111 6 Ь 25900 81,82 
5ј 111 9 3 Ь,С 8700-25600 54,55,70, 

117 
АI 111 8 9 2 
5111 16 Ь 28500 135, 158 
СI 111 15 Ь 24200 94,102,116 
Аг 111 8 Ь,е 21000-31800 59,68,80, 

205 
5ј IV 4 Ь 25600 117 
S IV 1 Ь 28500 135, 158 
Аг IV 2 Ь 20750-22200 59,68,80 

58 360 187 Total number - Ukupan broj 
--
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ТаЫе З. Scientists 'JVith the most bibIiographical references јп spectral line'shapes 
investigations јп the period 1889-1987 according to the_ bibIiographies Ьу Fuhr et al 
(1972,1974,1975,1978). 
ТаЬеlа З. Istrazlval:i sa najviSe blbIiografskih јеdiпiса u istrazivanju оЫјkз spektralnlh lјпlја u periodu 
1889-1978, ргеmа blbIiografijama Fuhr et аl (1972, 1974, 1975, 19781. 

No.-Br. Name - Ime No. Ref. - Br. ref. 

1. ня. Gгeim 69 
2. Ј. Сооре, 64 
3. S.Y. й'еп 4в 
4. E.W. Smith 35 
5. N. Копјеујс зз 

6. 1.1. Sobel'man 28 
7. G.V. Sholin 26 
8. Н. Maгgenau 25 
9-12. Н.Ј. Kusch 27 
9-12. S. Sahal-Brkhot 22 
9-12. Ј. Puric 22 
9-12. Н. Van Regemorteг 22 
13-14. L. Негтап 21 
13-14. М. Plati!a 21 
15-16. А. Granier 20 
15-16. Ј. Labat 20 

--
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Fig. 2. Singly charged ions. 
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Ftg. 4. Triply сhзгged јОП5. 

Figures 1--4. Emitters for which reliabIe ехрегimeпtЗI Stark broadening data exist fo, the moSt 
intensive 11 пе! (91 , 92, З 1 о, 3111. 
If only results obtained Ьу поп Yugoslav authors exist, the base is doted. Тће base ј, p8rtially dotted 
and P8rtially with ,јne! if results ofYugoslav аnd поп Yugoslav authors exist, аnd only wlth Впа! If all 
results are оЬtэјпеs јп Yugoslav laboratoreis. 
Emiteri za сјје najintenzivnije 11пl]е postoje pouzdani еksрегimеПlзlпi podaci za Starkove parametre 
(19,82,310,311). 
АХа iJos"toje samo. r"",111t1ti iгюs-tгапih autora, podloga је taCi<Esta. Podloga је delimicno tackasta ako 
јта rc:zutiai:a i n<Ј;;ј;, i ~-:i·o;njh autora а stafirana је ako su svi (''1stojeei rezuttati dobljeni u nэsim 
I.,Dorator i ј СНП <). 
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PART 11 - ОЕО 11 





1. INTROOUCTION 

With i п bibI iograph y and citation index, гeference,s availa bIe ир to the end!')f 
august 1985 аге included. 8esides the јпс lоою citations. papers of Yugoslav scientists ате 
largely cited јп follow;ng pubIications which include bibliographical reviews: Oimitrijevic, 
Копјеу јс (1 98 1); Institute of Physics, Act ivities агкј abstracts of paper5 1962-1974; 
1274- 1975, 1976-1980 . nd 1981-1985; Fuhr ••• 1 (1972, 1974, 1975, 1978) and 
Teleki (1985). 1 .ried '0 ,ее person.ly each р.рог included. From .м I.tter of dr Lutfi 
Istrefi from Pri§tina, I know the existence of З diploma works а! University in Pri~tin., 
wirtten iп Уће period.cons idered, патеlу: 

1. N. Bytyqi: "Оп assymetrical broadening of spectral lines јп рlаsта" (јп 

аЉапјап), Dјрlота VIIOrk 1981. 
2. Gёzim Ktlo bocishta: ,,5реctгаlliпе profiles" (јп albanian), diploma work, 1981. 
З. 8esnik Kondri: ,.Spectralline emission" (јп аlbапјап). diploma work, 1985. 
Еасћ рарег of ·Yugoslav authors is numbered within blbliography аnd after, papers 

where the considered рарег ј, cited аге given. For citations, yet existing јп the 
rnbIiography, only short data аге given. 

зз 



2. UVOO 

u blbIiograf iji ј indeksu citata obuh\locene su reference dostupne zakljul:no sa 
avgustom 1985. gcdine. Osim uklju~:!nih citata, гООоуј jugoslovenskih autora пауооепј u 
ОУОт pregledu cit iraju se u velikom bгoju ј u sledecim гаdoујта, koji ukJjutuju i 
ЫbIiografske preglede: Dimitrijevic. Колјеviс (1981); Institut za fiziku. Aktivnosti i 
sadrfaji rЮооа 1962-1974, 1974-1975, 1976-1980 i 1981-1985; Fuhr .1 .1 11972, 
1974,1975,1978) i Teleki (1985). Trudio sam se da sve navedene radove јтат lil:oo u 
rukama. Na OSnOVU pisma dr Lutfi Istrefija ј! PriSt ine , saznao sam da su u razrnatrano m 
periodu u Priitini napisana tri diplomska seminara iz оуе probIematike: 

1. N. 8ytyqi: ,,0 asimetrit;nom sirenju spektralnih liпјја plazme" (па albanSkom). 
diplomski ~тјnaг. 1981. . 

2. Gezim Kllobocishta: "Profil spektralne 'јпјје" (па albanskom), diplomski 
seminar,1981. 

З. Besnik Kondri: .. Emisija spektralnih 'јпјја", (па albanskom), diplomski seminar, 
1985. 

Svaki rad iugoslovenskih autora u bibIiografiji јта svoj гюпј broj а iza njega, 
navedeni su radovi U kojima је citiran. Ргј tome su za citate koji $е УеС nalaze kao ЈЮseЬпе 
jedincie u bibIiografiji, dati sarro skreteni росЈасј. 
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SUMМAR У: First part of Ље publication contains review and analysis of Ље results of 
spectralline shapes investigations in Yugoslavia and Serbia in the period 1989--1993. In 
the second part, Ље bibliography of the contributions of Yugoslav and Sebian scientists 
is given, together with Ље citation index. 

REZIМE: U prvom delu publilmcije dat је pregled i analiza istraiivanja оЫша 
spektralnih Нniја u Jugoslaviji i Srbiji u periodu 1989--1993 godine. U drugom delu data 
је bibliografija radova jugoslovenskih i srpskih istraiivaca, sa istorijatom uticaja svakog 
objavljenog dela па savremenu nauku, sto је uradeno navodenjem izvora u kojima su 

.. objavljeni clanci citirani. 
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Ј. SPECfRAL LJNE SHAPES ЈNVЕSПGАТIONS 

JN YUGOSLA VlЛЛND SERBIA 1989--1993 

Two previously published Bibliographieswitheitation illdexonSpeetraJ Line 
Shapes Investigations in YugocJavia, cover the period 1962 .. 1989 (Dimitrijevic, 1990, 
1991). From the end of 1989 ир to September 1993,241 artieJes concerning line shapes 
investigations have Ьееl1 publjshed ьу Yugoslav authors (аmопg them 230 Ьу Serbian 
authors). In Serbia have Ьееп published as weJJ 2 Ph. D. alld 4 М. Se. These5.1 
Consequently, sinee the first artiele оп this topie (Уијпоујс е! аЈ., 1962) ир to the 1993, 
869 (684 Ьу serbian authors) bibliographieitems have Ьееп published ьу 127 YugosJav 
authors(l00 from Serbia, 26 from Croatia and lliving in France). 

In Ље consider~d period various problems have Ьееп investigated. Doppler 
broadening in а d.c. hydrogen gJow diseharge has Ьееп investigated for Balmer serjes 
hydrogen lines (629, 705). Stark broadening ofhydrogen and hydragen-like emitter Jines, 
has Ьееп studied in partieu\arJy for H-beta line shift (679, 741), апd hydrogen line shift 
in the presenee af magnetic fieJd (678, 839). AJso, the attention has \,ееп paid to the study 
of Н alpha wing assymetry in weakJy поп ideal plasma (699), to the investigatian of 
hydrogen Јјпе shapes јп а р\апе - eathode abnormaJ glow disc\\arge (791) and other 
discharges (799, 840) and to the influenee of ion dynamies (865). 

Workon the experimental determination ofStark broadeningparameters of 
nonhydrogenic atoms and ions has Ьееп continued during the cOIlsidered period: Stark 
broadening offoJowing atoms and ians has Ьееп investigated: AI' 1, П, IП, IV (661, 730, 
858,859); В I, П, III (783, 838, 864); Br I, П (655, 656, 657, 658, 740); С I, П (803, 838); 
Са П (862, 863); С\ I, П, III (655, 658, 661); cd П (688, 724, 725); F I, П, III, IV, У, VП 
(683,723,785,786,787,843,866); Fe П (795, 856, 857); Не I (680, 698,750,751,849,858, 
860); Hg I, П, III (653, 756, 782); I I, П (656, 657, 676, 690); кr П. ПI (748); Na I (783); 
N П, III (731, 743, 781, 838); Ne I, П, III, IV, У, VI (696, 866); О П, III (726, 749, 855, 
864); РЬ П (756, 782); S II, III (652, 654, 661, 694,706); Si П, III, IV (727, 784); Sn Ј, П 
(651,782); Хе I, П, III (667, 748), Zn П (724, 745). Also, the influenee of јоп dynamics 
(663,665,666,732,733), magnetiefieJd (680, 849) and рЈа~mапоп ideality(695) has Ьееп 
investigated . 

Using the semjc\assica\perturbation approaeh (Sahal-Breehot, 1969а,Ь), the 
sрееtrаоffо11оwingеЈеmепts have beeninvestigated: Не Ј (641), иЈ (642, 644, 714, 716), 
Ве I (776, 836), Na I (645, 648), Al Ј (777, 830), К Ј (647), Си Ј (649), Rb Ј (774), Pd Ј 
(806,810), Ве П (765, 769,823,825), са П (766, 771,819,821,826,828), Hg1I(757, 808), 
Al ПI (762, 820, 832), Se III (767, 821), С ЈУ (717, 719, 772, 773, 775, 778), Si ЈУ (718, 
720), тi ЈУ (767, 821), N V (768, 827), О УЈ (712, 779), S УЈ (822, 824), F VП (831, 833), 
Ne VIП (835), Na ЈХ (835), АЈ ХЈ (834) and Si XIJ (834). The јllЛиепее ofthe perturber 
раЉ deflection fram straight line, due to the back reaction of n~utral emitter оп Stark 
broadening and соlliојоп phase shifts, has Ьееп investigated (721, 728, 729) as wel1 as 
pJasma sсrеепil1g effeets оп Stark broadening а! the adiabatic limit (634) and the 
asymptotic behaviour of Ље Stark broadening А and а funetiol1s t'or attraetive hyperboJie 
paths (643, 770). 
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Mi1an S.Dimitrijevic 

Тheoretical investigations of поп hydrogenic emitter Stark broadening were 
developed in several directions. Ап especial effort has been done in order to investigate 
and test the modified semiempiricalmethod (Dimitrijevicand Konjevic, 1980). Тhe case 
of close perturbing levels has been studied in (637) and this approach has been applied 
to Ље lines ofBi II (817, 818), Cd II (854), 1 П (850), Sb 11(851), Zn II (854), Pt II (760, 
812, 814) and for а number of four and five time charged јоп lines (807, 811, 813, 815). 
Moreover, а simple convergent semiclassicalmethod for evaluation of Stark broadening 
parameters of neutral atom lines has been developed (636,722,762, 816). Approximate 
methods have been used and tested оп numerous examples (630, 631, 707, 670, 780). 

А special attention has been paid in а number of papers to the investigation 
ofregularities and systematic trends ofStark broadeningparameters (638, 639, 640, 677, 
686,691,692,693,710,711,713,740,746,747, 748, 759,786, 800,829, 837).Simi1arities 
of Stark broadening parameters within the same multiplets (800), supermultiplet (800), 
transition array (650, 800) and spectral series (710, 711, 759,829) have been examinated. 
Also, systematic trends for the same type of transition within а homologous (677, 837) 
and isoelectronic sequence (713, 786) as well as the dependence of Stark broadening 
parameters оп the ionization potential and оп the element ordinal number, giving as Ље 
result simple formulae of astrophysical importance (686,687,746,747). Aninvestigation 
onsimi1arities and reguJarities for liпе broadening due to collisionswithneutral perturber 
has also Ьееп carried out with the special intention to improve the Уап der Waals 
formula (638, 640, 659, 709). 

Astronomical aspects of spectral line shapes research were studied in а 
number of publications, as the contribution of atomic co11isions to the solar limb effect 
(697,844), shapes, asymmetries and bisectors of solar and stel1ar spectrallines (669, 674, 
737,739,790,842,845,846,847,852,868), Na abundance inSolar atmosphere (691,734), 
spectral analysis of а white light flare (798), Fe Ilines in Ље spectrum of Sirius (738), and 
Stark broadening parameters and abundances јп spectra of hot stars (672, 673, 735, 736, 
789). Оп Astronomical Observatory inBelgrade the ~elgrade programme for monitoring 
of activity --- sensitive spectrallines of Ље Sun as а star, during а 11-years Solar сусlе is 
јп Ље course of realization. In accordance with this programme Solar activity influence 
оп spectrallines has Ьееп investigated in several papers (662,797,861,867,969). Оие to 
need to obtain а better connection between astronomical observations and theoretical 
interpretations of astrophysical spectra, the radiative transfer investigations have also 
Ьееп carried out (689, 704, 755, 801, 802). Moreover, Ље influence of the gravitational 
field оп Ље shape of spectral1ines of Seyfert galaxies and quasars and the influence of 
ion-atom co11isions оп the absorption of radiation in white dwarfs (793) has Ьееп studied 
as~. ' 

In а numberof papers, sate11ite and diffuse bands ofNaCd (628), InHg (685), 
КНg (660), KCd (659), NaHg(628), satellite bands јп the wings of 11 and In resonance 
lines (660), and metal excimers (684), have Ьееп studied. Continua, satellite and diffuse 
bands have Ьееп investigated also (681, 682, 703, 752), as well as laser induced 
chemiluminescence (753, 754). 
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Line Shape Investigation in Yugoslavia and Serbia III (1989-1993) 

The contribution and int1uence of Yugoslav and Serbian scientists in the 
international effort оп investigation and interpretation of line shapes illustrated Ьу the 
bibliography and citation index which follows, тау Ье additionally emphasyzed Ьу Ље 
ТаЫе 1. Here, scientists with the most bibНographicalreferences in tћis field in Ље period 
1889 -1992, according to bibliographiesby Fuhr е! aI. (1972,1974,1975,1978,1993), are 
presented. 

REFERENCES--- UffiRAТURA 

Oimitrijevic, М. S.: 1990, Line Shapes Investigations in . Уисовlаиа 1962--1985 
(Bibliographyand citation IiJdex), Publ. Obs. Astron. Belgrade, РиЫ. Obs. 
Astron. Belgrade 39. 

Oimitrijevic, М. S.: 1991, Ыпе Shapes Investigations in Yugos/avia IL 1985--1989 
(Вibliographyand citation index), РиЫ. Obs. Astron. Вelgrade, РиЫ. Obs. 
Astron. Belgrade 41. 

Oimitrijevic, М. S., Konjevic, N.: 1980, JQSRT 24, 451. 

Fuhr, J.R., Wiese, W.L., Roszman, L.J.: 1972, ВЉliосrэрЬуоп AtoтicLine Shapes and 
Shifts (1989 (шоисЬ МмсЬ 1972), NВS Spec.Publ. 366, U.S.Oept. of 
Commerece, Washington О.с. 

Fuhr, J.R., Roszman, L.J., Wiese, W.L.: 1974, Bibh'ographyon AtomicLine Shapes and 
Shifts (April1972 (ЬroисЬ Јипе 1973), NВS Spec.Publ. 366, Supplement 1, 
U.S.Oept. of Commerece, Washington О.с. 

Fuhr, J.R., Martin, О.А, Specht, В.Ј.: 1975, Bibliography оп Atoтic Line Shapes and 
Shifts (July 1973 (шоисЬ Мау 1975), NВS Spec.Publ. 366, Supplement 2, 
U.S.Oept. of Commerece, Washington О.с. 

Fuhr, J.R., Мiller, В.Ј., Martin, О.А: 1978, Вibliography оп Aloтic Lfnе Shapes and 
Shifts (Јипе 1975 through Јuпе 1978), NВS Spec.PubI. 366, Supplement 3, 
U.S.Oept. of Commerece, Washington О.С. 

Fuhr, Ј.К, Lesage, А: 1993, Вibh'ographyonAtoтic Line Shapes and Shifts (Јulу 1978 
through March 1992), N1ST Spec.PubI. 366, Supplement 4, U.S.Oept. of 
Commerece, Washington О.с. 

Sahal-Brechot, S.: 1969а, Astron. Astrophys. 1,91. 

Sahal-Brechot, S.: 1969Ь, Astron. Astrophys. 2,322-

Vujnovic, У., Harrison, Ј. А, Crags, Ј. О.: 1962, Proc. Phys. Soc. (London) 80,516. 

5 



Мјlап S.Dimitrijevic 

TAВLES --- TAВELE 

ТаЬЈе 1. Scientists with the most bibliographical references јп spectral Нпе shapes 
investigations in the period 1889 - 1992 according lo Ље bibliographies of 
Fuhr et аl. (1972, 1974, 1975, 1978, 1993). 

Tabela 1. Istrazivaci sa najvise bib1iografskihjedinica u istrazivanju оыiш spektraJnih 
1inija u periodu 1889 -1992, prema bibliografijama Fuhr-a i dr.(1972, 1974, 
1975,1978, 1993). 

No. - Br. Name - Ime 
No. of references 

Broj referenci 

1-2. H.R.Griem 107 

1-2. М. S. Dimi tri ј evic 107 

3. J.Cooper 105 

4. N.Konjevic 82 

5. Ј.РшјС 70 

6. S.Sahal-Brechot 53 

7. S.Y.Ch'en 51 

8. J.Szudy 48 

9. E.W.Smith 45 

10. M.Platisa 44 

11-12. J.Labat 41 

11-12. R.W.Lee 41 

13. E.L.Lewis 37 

14. И.И.Собель ман 33 
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Line Shape Investigation in Yugoslavia and Serbia Ш (1989-1993) 

ISTRAZIV АЮА OBLlКA SPEKTRALNIН LlNUA 

U JU GOSLA УПl 1 SRBUI 1989 -- 1993 

Dve prethodno objavljene Bib1iografije sa indeksom citata о istrafivanjima 
oblika spektralnilllinija и Jugoslaviji, pokrivaju period 1962 -- 1989. (Dimitrijevic, 1990, 
1991). U periodu od kraj. 1989. do septembra 1993. godine, оЬјауlјеп је 241 clanak koji 
se odnosi па istraiivanje oblika linija (medju пјјта su 230 clanaka srpskih autora). U 
Srbiji _и takodje odbranjene i 2 doktorske i 4 magistarske teze. Shodno tome, od prvog 
clanka и оуој oblasti (Yujnovic i dr., 1962) ра do septembra 1993, оЬјауlјепо је 869 (684 
od strane srpskih autora) bibliografskih jedinica od ukupno 127 (100 iz Srbije, 26 iz 
Hrvatske i 1 makedonac koji iivi u Francuskoj) jugoslovenskih autora. 

U razmatranom periodu istraiivanisu razlicitiproblemi. ZaBalmerovu seriju 
vodonikovh linijaistrai.ivanu је Doplerovo sirenje u d.c. vodonicllom tinjavom рrafпјепјu 
(629, 705). Starkovo sirenje linija vodonika i vodoniku slicnil1 emitera, posebno је 
proucavano и slucaju pomaka linije Н beta (679, 741), i и slucaju ротаЬ vodonikovill 
lјпјја и prisustvu magnetnog роlја (678, 839). РаZnјаје takodje poklonjena proucavanju 
asimetrije kri1a linije u slabo l1eidealnoj plazmi (699), istIaZivanju o1Jlika vodonicnih Нпјја 
u neregularnom tinjavom рraZпјепјu sa ravnom katodom (791) i drugim prafnjenjima 
(799, 840) i uticaju dinamike јопа (865). 

. -
Yeliki је trud uJozen i и eksperimentalt;o odredivanje parametara Starkovog 

sirenja nevodonicnih atoma i јопа. Bilo је istraZivano Starkovo sirепјr: slede6h atoma i jona: 
Ar Ј, П, Щ ЈУ (661, 730, 858, 859); В Ј, П, Ш (783, 838, 864); В, 1. П (655, 656, 657, 658, 
740); С L п (803, 838); Са П (862,863); Сl 1, 11, Ш (655, 658, 661); Cd П (688, 724, 725); F 
L П, Щ ЈУ, У, VIl (683, 723, 785, 786, 787, 843, 866); Fe П (795, 856, 857); Не Ј (680, 698, 
750,751,849,858,860); Hg 1, П, Ш (653, 756, 782); Ј Ј, П (656, 657, 676,690); кr П, Ш (748); 
Na Ј (783); N П, lJl (731, 743, 781, 838); Ne 1, П, Щ ЈУ, У, vl (696, ~66); О П, lJl (726, 749, 
855,864); РЬ П (756,782); S П. ш (652, 654, 661, 694, 706); Si П, lП, ЈУ (727, 784); Sn L П 
(651,782); Хе Ј, П, Ш (667, 748), Zn 11 (724,745). IstraZivanje takotlje uticaj dinamike јопа 
(663,665,666,732,733), magnetnog роlја (680, 849) i neidealnosti рlazrпе (695). 

KoristeCi semikJasicni perturbacioni prilaz (Sahal-ВrесI1Оt, 1969а,Ь), istraZivani 
su spektri sledeCil1 elemenata: Не 1 (641), Li 1 (642, 644, 714, 716), Вс Ј (776, 836), Na Ј (645, 
648), AI Ј (777, 830), К Ј (647), Си 1 (649), Rb 1 (774), Pd Ј (806, 810), Ве П (765, 769, 823, 
825), Са П (766,771,819, 821, 826, 828), Hg П (757, 808), AI Ш (762, 820, 832), Sc lJl (767, 
821), С N (717,719,772,773,775,778), Si IY (718, 720), тi IV (767, 821), N У (768, 827), 
О vl (712, 779), S vl (822, 824), F VlJ (831, 833), Ne vш (835), !\а IX (835), AI XI (834) 
and Si XIJ (834). ЈstrаZivап је i uticaj od~tupanja риtanје perturbera od prave liniје, usled 
povratne reakcije neutralnog епntеrа, па Starkovo sirenje i faznj pomak (721, 728, 729) kao 
i uticaj Debajevog ekraniraIlja па ~tarkovo sirenjena ad~abatskoj gr:mici (634) i asimptotsko 
ponasanje А i а funkcija и teoriji Starkovog sirenja, za atraktivne hiperbolicke putanje (643, 
770). 
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• 
Teorijska istraiivanja Starkovog sirenja nevodonicnill emitera, razvijaia su se u 

viSe pravaca. Poseban napor је исinјеп da se razvije i testira modifikovani semiempirijski 
metod (Dirnitrijevi6i Кonjevic, 1980). Slueaj bliski11 perturbacioniћ пјуоа proueavan је u (637) 
а оуа! prilaz је primenjen па linije Вј II (817, 818), cd II (854), 1 П (850), Sb II(851), Zn II 
(854), Pt II (760, 812, 814) i za liniје Cetvorostruko i petostruko naelektrisanili јопа (807, 811, 

• 813,815). Razvijen је i prosti konvergentnisemiklasiCnimetod za parametre Starkovog sirenja 
'inјја neutralnili atoma (636, 722, 762, 816). PribliZni metodi su koriSCeni i testirani па 
brojnim primerima (630, 631,707,670,780). 

Ubrojnim radovimasu istraZivane regularnostii sistematski trendovi parametara 
Starkovogsirenja (638, 639, 640, 677, 686, 691, 692, 693, 710, 711, 713,740,746,747,748,759, 

• 
786,800,829, 837). IstraZivane slicnosti parametara Starkovogsirellja u okviru istogmultipleta 
(800), supermultip1eta (800), skupova prelaza (650) i spektra1nill serija (710,711,759,829), 
kao i sistematsk.i trendovi za isti Нр prelaza u homolognim (677, 837) i izoelektronskim 
nizovima (713, 786) а osim toga i zavisnost parametara sirenja od rednog broja elemenata i 
jonizacionog potencijala, sto је kao rezultat da10 proste formule, koje su od interesa za 
astrofiziku (686, 687, 746, 747). Takode је izvedeno istraZivапје s1iCnosti i regulamosti u 
sluCaju linija prosirenili sudarima sa neutralnim perturberima, sa ciljem da se poboljsa Уап 
der Waa1sova formu1a (638, 640, 659,709). 

Astronomski aspekti istraZivanja spektralnili linija proueavani su u brojnim 
prilozima. IstraZivan је doprinos atomskih sudara sunCevom limb efektu (697, 844), ob1ici, 
asimetrije i bisektori sUl1eevih i zvezdanili spektralnili linija (669, 674, 737, 739, 790,842, 845, 
846, 847, 852, 868), zastupljenost Na u Suneevoj atrnosferi (691, 734), spectra1na ana1iza 
hromosferske erupcije u Ьеl0ј svet10sti (798), Fe Ilinije u spektru Sirijusa (738), ј, parametri 
• Starkovog sirenja i zastupljenost hemijskili elemenata u spektrima toplili zvezda (672, 673, 
735, 736, 789). Na Astronomskoj opservatoriji u Beogradu u toku rea1izacije је Beogradski 
program ро kome se u toku 11 godiSnjeg suneevog ciklusa prate spektralne liniје Sunca kao 
zvezde, koje su osetljive па njegovu aktivnost. U sk1adu sa ovim programom uticaj suneeve 
aktivnosti је istraZivan u neko1iko clanaka (662, 797,.861, 867, 969). Takodje su vrsena i 
istraZivanja prenosa zгаСепја, usled potrebe da se poboljsa veza izmedju astronomskili 
posmatranja i teorijske interpretacije astrofizickili spektara (689,704,755, 801, 802).lzueavan 
је i uticaj gravitacionog ро1ја па ob1ik spektralnili linјја Sejfertovih galaksija i kvazara kao i 
uticaj jon-atomskili sudara па арsoгроји zraeenja be1ih patuljaka (793). 

U nizu c1anaka, izuCavani su sate1iti i difиzne trake NaCd (628), InНg (685), Кhg 
(660), KCd (659), NaHg(628), sate1itske trake па kri1ima rezonantnfu liniја 11 i In (660), i 
meta1niliekscirne.ra (684). Takode su prouCavanikontinuumi, sate1itiidifиzne trake (681,682, 
703, 752),kao i laserski indukovana hemi1uminescencija (753, 754). 

Uticaj jugoslovenskili i srpskili stvara1aca i пјшоу doprinos medunarodnim 
naporima па istrazivanju i interpretaciji profila spektra1nili 'inјја, ilustrovan bib1iografijom sa 
indeksom citata, koja је data u drugom delu, moze se dodatno istaCi роmоси ТаЬеlе 1. Ти su 
pretstav1jeni naucnici sa najviSe bib1iografskili referenci u оуој oblasti u periodu 1889-1992, 
prema bibliografijama koje su objavi1i Fuhr i dr. (1972, 1974, 1975, 1978, 1993). 
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П. BIВLIOGRAPHY AND CIТATIONINDEX 
BIВLIOGRAFIJAI INDEКS CIТATA 

INТRОDUСПОN 

Тhe bibliography with the citation index is divided in tЬree parts. In the first 
and second part are given the citation index оС artic1es Сroт 1962--1985 and 1985-1989 
period respective1y, given in Dimitrijevic (1990, 1991), with the _ате numeration. 
Moreover, the number in brackets after the number of an article, if exists, denotes that 
а! 1ем! опе author is Сroт Serbia. lп such а manner the correspollding bibliography for 
Serbia is inc1uded as well. 111 the third part is tЬe bibliography оС artie1es up to the 
september оС 1993 (1989--1993 period and Ље bibliographical items по! included јп 
Dirnitrijevic (1990, 1991» and Ље corresponding eitation index. Besides the included 
citations, papers of Yugoslav scientists are largely cited in the mbliographical reviews: 
Dirnitrijevic (1991), Fuhr and Lesage (1993) and Atanackovic-Vukmanovic and 
DirnitrijeviC(1992). 1 tried to _ее personally each paper included. After each paper оС 
Yugoslav authors, data ОП articles where the considered рарег is cited are given. For 
citations already existing in the bibliography оС Yugoslav authOls, опlу short data are 

gIven. 
1 arn indebted to the Referal center of the Library of Matica Srpska who 

enabled те to search Science citation index. 

UVOD 

Bibliografija _а iIldeksom citata podeljena је u tri dela. U prvom i drugom 
delu dat је indeks citata clanaka iz perioda 1962--1985 i 1985--1989 respektivno, koji su 
u,li u prethodne preglede (DimitrijeviC, 1990, 1991), _а istom Il\lmeracijom. Osim toga, 
broj u zagradi iza rednog broja clanka ako postoji, oznacava da је пајтanје jedan autor 
iz Srbije. Na taj nacin prisutna је i odgovaraj uca bibliografija za Srbiju. U trecem delu је' 
bibiliografijaclanaka do septembra 1993 (period 1989--1993 i bibliografske jedinicekoje 
nisu ukljucene u prethodne preglede (Dimitrijevic, 1990, 1991» i odgovarajuci indeks 
citata. Osim ukljucenih citata, clanciJugoslovenskih autora su u \'elikom broju citirani u 
bibliografskim pregledima: Dimitrijevic (1991), Fuhr i Lesage (1993) i Atanackovic­
Vukmanovic i Dimitrijevic (1992). Svaki uklјuееш clanak POkU'dO _arn da vidim јјепо. 
Posle svakog clanka Jugoslovenskih autora, dati su podaci о clancima gde је razmatrani 
clanak citiran. Za clanke koji vec postoje u bibliografiji jugoslo\'enskih autora, dati su 
samo skraceni podaci. 

Dugujem zahvalnost Referalnom centru Вiblioteke Matice srpske gde тј је 
omoguceno da pretrafim Science citation index 
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11..1., СlТАТЮN INDEX OF ARТICLES 
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INDEKS CITATA CLANAКA 
IZ PERIODA 1962--1985 

1. Vujnovic, V., Harrison, Ј. А, Crags, Ј. D.: 1962, Ваlтег Line PгofiJes in а 
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3. 

1965 
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     Using semiclassical perturbation approach in the impact approximation, we have obtained  

Stark broadening parameters for 148 CII multiplets. Energy levels and oscillator strengths are 

taken from the TOPbase database. Results are obtained as a function of temperature, for a 

perturber densities of 10
14

, 10
17 

and 10
18 

cm
-3

. In addition to electron-impact full half widths and 

shifts, Stark broadening parameters due to singly ionized carbon-impacts have been calculated, 

in order to provide Stark broadening data for the important charged perturbers in the atmospheres 

of carbon white dwarfs. Obtained results have been compared to the existing experimental data. 

Also, the influence of the choice of oscillator strengths on the result of calculations was 

investigated on the case of the 3s-np and 3d-nf spectral series. The complete results will be 

published in Ref [1] and here only illustrative examples will be shown.  
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The aim of  this research  is to show that the radiative  processes in strongly non- symmetric ion- 

atom collisions significantly influence on the opacity of  the solar photosphere  in UV region. 

Within this work only the He+H
+
 and H+A

+
 ion-atom systems, where A is the atom of one of the 

metal (Mg, Si and Al), are taken in to account. It is caused by the fact that the needed 

characteristics of the corresponding molecular ions, i.e. molecular potential curves and dipole 

matrix elements, have been determined by now. Here the non-symmetric radiative processes are 

considered under the conditions characterizing the non-LTE standard model of the solar 

atmosphere [1], which gives the possibility to performed all needed calculations and determined 

the corresponding spectral absorption coefficients. It is shown that the examined processes 

generate rather wide quasi-molecular absorption bands in the UV and VUV regions, whose 

intensity is comparable and sometimes even larger than the intensity of  known one’s caused by 

the H+H
+
 radiative collision processes [2], which are included now in the solar atmosphere 

models [3]. Consequently, the presented results suggest that the non-symmetric ion-atom 

absorption processes have to be also included in standard models of the solar atmosphere. 
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STARS; A STUDY OF Si IV SPECTRAL LINES IN
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Abstract. In this paper, using the GR model, we analyze the UV Si IV

resonance lines in the spectra of 68 Be stars of different spectral subtypes, in

order to detect the structure of Si IV region. We study the presence and

behavior of absorption components and analyze their characteristics. From this

analysis we can calculate the values of a group of physical parameters, such as

the apparent rotational and radial velocities, the random velocities of the

thermal motions of the ions, the Full Width at Half Maximum (FWHM), the

optical depth, as well as the absorbed energy and the column density of the

independent regions of matter which produce the main and the satellites

components of the studied spectral lines. Finally, we present the relations

between these physical parameters and the spectral subtypes of the studied stars

and we give our results about the structure of the Si IV region in their

atmosphere.
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The influence of non-elastic processes in H∗(n) +H

collisions to the Rydberg states population of

hydrogen atom in laboratory and astrophysical

plasmas

A. A. Mihajlov1, Lj. M. Ignjatović1 and M. S. Dimitrijević2

1Institute of Physics, P. O. Box 57, 11001 Belgrade, Serbia and Montenegro
2Astronomical Observatory, Volgina 7, 11160 Belgrade 74, Serbia and Montenegro
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The influence of two groups of non-elastic processes in H∗(n) +H(1s) collisions to the
Rydberg states populations of hydrogen atoms in weakly ionized plasmas was investigated
here. The first group consists of the chemi-ionization and chemi-recombination processes

H(1s) +H∗(n)↔ ~e+

{
H+ +H(1s),
H+

2 ,
(1)

and the second group - the excitation and de-excitation processes

H∗(n) +H(1s)↔
{
H∗(n′ = n+ p) +H(1s),
H(1s) +H∗(n′ = n+ p),

, (2)

where ~e and H+
2 denote the free electron and the hydrogen molecular ion in the ground

electronic state, the principal quantum number n ≥ 4 and p ≥ 1. The rate coefficients of
these processes were determined, on the base of already developed semi-classical method
[1], for weakly ionized laboratory and astrophysical hydrogen plasmas (ionization de-
gree less then 10−3). With help of these rate coefficients the efficiency of the mentioned
processes was compared with the efficiency of the other relevant ionization/recombination
and excitation/de-excitation processes. It was shown that the exchange between the ex-
cited state atom populations within the lower part of the Rydberg region of n is determined
by the processes (2) while the exchange between the mentioned group of Rydberg states
as a wholeness and the continuum is determined by the chemi-ionization/recombination
processes (1). It is important that all mentioned is related to the plasma of the part of
Sun’s photosphere and lower chromosphere (the region with T < 6000K) [2].
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On the influence of collisions with charged particles

on Cr I lines in stellar atmospheres
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Using the semiclassical perturbation method, electron-, proton-, and ionized helium-
impact line widths and shifts for the nine Crı spectral lines from the 4p7P 0 − 4d7D
multiplet, have been calculated for a perturbed density of 1014 cm−3 and temperatures T
= 2,500 − 50,000 K. The obtained results have been used to investigate the influence of
Stark broadening effect in the Cr-rich Ap star β CrB atmosphere on line shapes of these
lines.

From our investigation we can conclude:
(i) The calculated value of Stark widths as well as of shifts can be quiet different for

the different lines, although these belong to the same multiplet.
(ii) The contribution of the proton and HeII collisions to the line width and shift is

significant, and it is comparable and sometimes (depending of the electron temperature)
even larger than electron-impact contribution.

(iii) Depending on the electron-, proton-, and HeII density in stellar atmosphere the
Stark shift may contribute to the blue as well as to the red asymmetry of the same line.

(iv) To fit well Cr ı line wings we need to decrease the calculated Stark widths by
60-70%, which is the same order of overestimation as for Si ı lines [1]. The approximation
formula of Cowley [2], used in the cases where the adequate semiclassical calculation is
not possible due to the lack of reliable atomic data, predicts also overestimated influence
of Stark broadening in comparison with observations.
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Recently Bartecka et al. [1] have determined experimentally Stark widths (line widths due to collisions
with charged particles) for N I 3s’2D-3p’2Po multiplet and have found very large values. Obtained widths
are 1.4 to 2.9 Å for electron densities (1.2-2.1) x 1016cm−3 and temperatures 9200-13600 K. With the
standard semiclassical theory [2] we obtain one order of magnitude smaller values.

Table 4: This table shows electron−impact broadening parameters (full width at half
intensity maximum W, shift d, the quasistatic ion broadening parameter A, the total
width due to elecron- and ion-impacts We+i(Å), and the coefficient of the ion-dynamic
contribution D for N I 3s’2D-3p’2Po multiplet, for perturber density of 1016cm−3 and
temperatures from 2500 up to 50,000 K. Transition and averaged wavelength for the
multiplet (in Å) are also given in the Table. By dividing C by the corresponding full
width at half maximum, we obtain an estimate for the maximum perturber density for
which the line may be treated as isolated and tabulated data may be used.

TRANSITION T(K) WIDTH(A) SHIFT(A) A We+i(Å) D
3s’2D-3p’2Po 2500. 0.682E-01 0.359E-01 0.1345E-02 0.6822E-01 0.3600E-01

5000. 0.736E-01 0.462E-01 0.1269E-02 0.7371E-01 0.4628E-01
7906.7 A 10000. 0.845E-01 0.430E-01 0.1145E-02 0.8457E-01 0.4312E-01

C = 0.43E+20 20000. 0.108 0.400E-01 0.9531E-03 0.1080 0.4013E-01
30000. 0.127 0.334E-01 0.8427E-03 0.1273 0.3358E-01
50000. 0.156 0.270E-01 0.7218E-03 0.1564 0.2716E-01

All details on the theory and calculation procedure are given in [2,3]. Needed atomic energy levels are
taken from [4]. Here are provided all data for Stark broadening, needed for discussion and different con-
siderations. Further experimental and theoretical investigations of this interesting multiplet are needed.
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The iron lines, which arise from a complex Fe II ion, are very interesting features in AGN
spectra. There are many open questions connected with these lines: mechanisms of their
excitation, location of their emission region in AGN structure, as well as correlations with
other spectral properties, which physical cause is unknown.

We present a study of optical Fe II emission in a sample of AGNs selected from the SDSS. An
optical Fe II template is calculated, with taking into account the lines from the strongest Fe
II multiplets and an additional group of lines, based on a reconstruction of the spectrum of
I Zw 1. This Fe II template gives a more precise fit of the Fe II lines than other templates
(Kovacevic et al. 2010). We examine the relationships between different groups of iron mul-
tiplets and some optical and UV spectral properties. We investigate the dependence between
Baldwin eect and well-known anticorrelation between Fe II and [O III] lines, which dominates in
Boroson and Green’s Eigenvector 1 (Boroson Green 1992). The possible influence of starburst
regions on observed correlations is analyzed (Popovic Kovacevic 2011). Also, we investigate
the relationships between some properties of UV spectra (near Mg II), and optical lines (in
preparation).

1. Kovacevic, J., Popovic, L. C., Dimitrijevic, M. S., 2010, ApJS, 189, 15. 2. Popovic, L. C.,
Kovacevic, J., 2011, ApJ, 738 , 68.
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C. Garćia: ”Gas temperature from line broadening in a neon microwave plasma at
atmospheric pressure”
C. Yubero: ”Computer-simulated Balmer alpha line profile for calculating the electron
number density”
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20:00-23:00 Visiting the wine cellar in the village Gudurica with testing local wines. Conference
dinner.

Thursday, 09.06.2005

Chairwoman: G. Peach

11:00-11:30 Peter Hauschildt: ”Effects of line profiles in T dwarfs”
11:30-12:00 Mikhail Sachkov: ”Pulsations in the Atmospheres of Ap stars”
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FOUNDATION OF PHYSICS ON TOPOLOGICAL SPACES 

DUŠAN IRI

University of Niš,Faculty of natural sciences, Department of mathematics and 
informatics, Višegradska bb, 18000 Niš, Serbia 

E-mail: dusancir@yahoo.com 

The aim of this paper is to introduce the notion of self-motion of every 
topological space, to prove some properties of such defined notion and to build a 
physics on every topological space. Idea is that every topological space has his 
own physics. 
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MASSIVE CLUSTER CANDIDATES IN M33:  
A MILTITELESCOPE VIEW 

VALERI GOLEV1, NADIA KALTCHEVA2, EVGENI OVCHAROV1,
M. KONTIZAS3

1St Kl. Ohridski University of Sofia, 5 J. Bourchier Str., 1164 Sofia, Bulgaria 
2University of Wisconsin Oshkosh, 800 Algoma Blvd., Oshkosh, WI 54901, USA 

3National and Kapodistrian University of Athens, 15783 Athens, Greece 
E-mail: valgol@phys.uni-sofia.bg 

The study of the massive star-cluster systems in the Local Group provides 
important information about the integral properties of their stellar population and 
overall structural and chemical evolution. Since for these studies the completeness 
of the sample of detected clusters is critical, many extensive surveys have been 
recently initiated both from space and ground. The M33 galaxy is the only late-
type spiral in the Local Group, and thus of particular interest. The most 
comprehensive catalogues available to date of confirmed genuine star-clusters in 
M33 are presented by Park & Lee (2007) and Sarajedini & Mancone (2007). The 
catalogues incorporate several recent studies based on HST/WFPC2 (Chandar et 
al. 2001) and HST/ACS (Bedin et al., 2005, Sarajedini et al., 2007) archive 
images. However, the areas of M33 covered by the HST-based surveys are much 
smaller than the entire area of the galaxy. Thus, a significant number of star-
cluster candidates identified in early photometric surveys are omitted in the HST-
based catalogues. The present work is focused on 46 star-cluster candidates 
located in the central 10 x10  part of the M33 galaxy, most recently studied by 
Kunchev & Kaltcheva (1997). None of these candidates is included in the recent 
HST-based catalogues. We utilize CFHT and KPNO Megacams multicolor 
photometry, HST/ACS and WFPC2 archive images and 2MASS data to cast light 
on the nature of these objects.  
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THE PROCESSES OF (n-n')-MIXING IN ATOM-RYDBERG ATOM 
COLLISIONS IN STELLAR ATMOSPHERES 

LJUBINKO M. IGNJATOVI 1, MILAN S. DIMITRIJEVI 2,
ANATOLIJ A. MIHAJLOV1, VLADIMIR A. SRE KOVI 1

1Institute of Physics, P.O.Box 57, 11001 Belgrade, Serbia 
2Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

E-mails: ljuba@phy.bg.ac.yu, mdimitrijevic@aob.bg.ac.yu, 
mihajlov@phy.bg.ac.yu 

In several previous papers it has already been shown that chemi-ionization 
processes in slow atom-Rydberg atom collisions play a very important role in 
weakly ionized plasmas, since they successfully competee with the known 
electron-atom ionization processes. However, recently appeared indications that (n 
- n')-mixing processes in atom-Rydberg atom collisions, due to their significant 
efficiency, also play significant role for weakly ionized plasma kinetics, because 
of their influence to excited states populations. The main aim of this work is to 
show that they have to be included in models of weakly ionized layers of stellar 
atmospheres, which is illustrated by examples of the photosphere and lower 
chromosphere of Sun (hydrogen case), and by photospheres of some DB white 
dwarfs. 
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CEPHEID COMPLEXES OF THE MILKY WAY  

GEORGI R. IVANOV 

Department of Astronomy Sofia University St. Kliment Ohridski 5,
James Bourchier Blvd., 1164 Sofia, Bulgaria 

E-mail: gr_ivanov@phys.uni-sofia.bg 

   A method for identification of Cepheid complexes in Milky Way is 
applied. Based on the search algorithm and the data of Cepheids (Berdnikov et al. 
2000) were found 18 Cepheid complexes of Milky Way with space (3D) density $ 
5.0 \sigma $ density peak with an excess of about ten objects. The data for OB, 
WR stars, open clusters, stellar associations, and HII regions were used too. These 
objects have a hierarchical structure in space. The results show the existence of a 
correlation between OB associations, HII regions, and WR stars that trace the 
regions of massive star formation. Probably stellar associations, HII regions and 
open clusters from nearby sites of star formation form regions of 1kpc centered in 
the Cepheid complexes. We consider this fact as a ground for identification of 18 
Cepheid complexes in the Milky Way. 
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ON THE MODELLING OF ASTROPHYSICAL SPECTRA USING 
PHOENIX

DARKO JEVREMOVI 1, PETER HAUSCHILDT2, EDWARD BARON3,
FRANCE ALLARD4, ANATOLIJ A. MIHAJLOV5, LJUBINKO IGNJATOVI 5,

MILAN S. DIMITRIJEVI 1

1Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia,  
E-mails: darko@aob.bg.ac.yu, mdimitrijevic@aob.bg.ac.yu 

2Hamburger Sternwarte, Universitaet Hamburg, Gojenbergsweg 112, 
 21029 Hamurg, Germany 

3Homer L. Dodge Department of Physics and Astronomy, University of Oklahoma, 
440 West Brooks, Room 100, Norman, OK 73019-2061  

E-mail: baron@nhn.ou.edu 
4CRAL/ENS, 46Allée d’Italie, 69634 Lyon Cedex, France 

5Institute of Physics, Pregrevica 118, 11080 Zemun, P.O.Box 57,  
11001 Belgrade, Serbia,

E-mails: ljuba@phy.bg.ac.yu, mihajlov@phy.bg.ac.yu 

We will review recent developments in general stellar atmosphere code  
Phoenix. Comparison between modeled spectra for variety of astrophysical objects 
from cool dwarfs, through stars with the winds up to supernovae and AGN's will 
be made. Also we will explore some of more 'exotic' problems such as Lithium 
isotopic ratio, chemi-ionization/recombination processes in red and white dwarfs, 
Stark broadening and its influence on line shapes. 
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VARIATIONS IN AN ACCRETION DISK EMISSIVITY – 
 REPERCUSSIONS TO THE Fe K  LINE PROFILE  

PREDRAG JOVANOVI , LUKA . POPOVI

Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mails: pjovanovic@aob.bg.ac.yu, lpopovic@aob.bg.ac.yu 

The observed profiles of the Fe K  line in case of some Active Galactic 
Nuclei (AGN) show certain irregularities which are not predicted by standard 
model of accretion disk. In this paper we propose a modification of disk emissivity 
law in order to explain the observed profiles. The disk emission was analyzed 
using the ray-tracing method in Kerr metric, assuming a modification of power-
law emissivity which allows us to include perturbations in disk emission due to 
photoionization. When the emissivity law is modified in such way, we find that 
the corresponding variations in disk emission can explain the observed Fe K  line 
profiles if the line is emitted from the innermost part of the accretion disk. 
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CHEMI-IONIZATION – EXPERIMENTS, THEORIES,  
GEOCOSMICAL PERSPECTIVES 

ANDREY N. KLYUCHAREV1, MIKHAIL YU. ZAHAROV1,
A. A. MATVEEV1, ANATOLIJ A. MIHAJLOV2,

LJUBINKO M. IGNJATOVI 2, MILAN S. DIMITRIJEVI 3

1V.A.Fock Institute of Physics, Faculty of Physics Saint-Petersburg State 
University, Ulianovskaya 1, 198904 St.Petersburg, Petrodvorets, Russia 

2Institute of Physics, P.O.Box57, 11001 Belgrade, Serbia 
3Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

E-mails: a_matveev@inbox.ru 

Elementary chemi-ionization processes with optically excited atoms 
participation may be considered as a prototype of the elementary process of the 
radiation energy transformation into electrical one. These reactions involving 
highly excited Rydberg atoms (RA) in geocosmical plasmas traditionally attract 
researcher’s attention (see, for example Mihajlov et al., 2003). 

The systematic studies – experiment (Devdariani et al., 1978) and theory 
(Janev and Mihajlov, 1980; Duman and Shamatov, 1980) of the RA chemi-
ionization was started relatively recently. The theory was later complicated taking 
into account effect of the Rydberg electron (RE) stochastic instability during one 
collision (Bezuglov et al., 1997). 

Received results show that the resonant mechanism of the chemi-
ionization (Janev and Mihajlov, 1980) at first suggested in (Smirnov and 
Mihajlov, 1971) and stochastic approach (Bezuglov et al., 1997) are adequate in a 
wide range of the RA principal quantum numbers and temperatures (Klyucharev et 
al., 2007). 

Our attention will be paid to the ionization via RA+A and RA+B 
collisions – symmetrical and non-symmetrical cases: 

RA + A  (RA2
*)  A2

+ + e  
A2

+ + e  A+ + A + e,                                                                    
RA + B  (RAB*)  AB+ + e                                  
AB+ + e  A+ +B + e

Obtained rate coefficients are recommended for geocosmical plasma’s 
models and possible further investigations and technological applications. We 
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assume that the conditions of the cold collisions will favor the observation of the 
diffusion processes in collisional reactions during one collision. 
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SOME ASPECTS OF ASTEROID MASS DETERMINATION 

ANDJELKA KOVA EVI

Department of Astronomy, Faculty of Mathematics, Studentdski Trg 16,  
11000 Belgrade, Serbia

E-mail: andjelka@matf.bg.ac.yu 

  There is a great variety of astronomical objects in the Universe. Each of 
these classes of objects follows a certain distribution function in size, luminosity 
or mass. Most individual mass distributions approximately follow a power law of 
the form f(M)  M-2. A notable exception are planets and small bodies which 
seem to obey a flatter distribution. In spite of the rapidly growing number of 
newly detected extrasolar planets, our knowledge of the mass function of 
planetary and small bodies relay entirely on the our Solar System. If is there a 
“universal” mass distribution for astronomical objects on all scales, it will be very 
important to know mass distribution of small solar system bodies. Having in mind 
mentioned reasons we will present methods for asteroid mass determination as 
well as some of most interesting results. 
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MILANKOVI ’S “THE END OF THE WORLD” 

VLADO MILI EVI

RPS Energy Canada Ltd. 
1400, 800 – 5th Ave SW Calgary, AB T2P 3T6 Canada  

E-mail: vladomilicevic@shaw.ca 

The Milankovi ’s numerical trajectory of secular changes of pole’s 
rotation has shown that its latest positions in positive infinity can be observed on 
the North Pole of the Siberian plate. Milankovi  with his discovers “the end of the 
world” or total end of activity in astenosphere. In other words, he discovers plate 
tectonics of pole’s (convergence, divergence, and transform movement), 
earthquakes, subduction zones, sea floor spreading, etc. 

This is not just the end of the atmosphere existence, water or life on the 
planet, but also a geodynamic, co-mechanic and co-climatological climax. This is 
the beginning of the ice ages. The pole of rotation, by Milankovi , reaches  = 
+49o 34’;  = +65o 16’ for the Northern Hemisphere or  = -130o 26’;  = -65o 16’ 
for Southern Hemisphere. 

Based on this data and according to the pole spreading of lithosphere, it is 
possible to recognize future climatic zones under geographical latitudes and 
longitudes. These are also known as the green zones, the most endangered 
continental places. The entire Europe and the parts of Asia will be under ice. 
Studying the continent of North America we can observe only a part of Canada is 
under ice (up to 60 of geographical longitude). This will happen due to continuous 
Atlantic sea floor spreading, and also due to the counterclockwise rotation of the 
North American plate. This will cause the continents to move away from the 
North Pole. 

The problem of some time units and numerical secular positions, 
Milankovi  calculated and graphically presented, still stands as one of the greatest 
planetary enigmas. Their close picture is available through geophysical, geodetic, 
and mathematical methods, satellites, stations on the Earth’s surface and also 
through practicing new technology. 

The mentioned “end of the world” does not present the end of the Earth’s 
cosmic phase. It does not correspond to astronomical age determinants and further 
planetary deviation. Milankovi  has experienced and mathematically presented 
cinematic planetary model of continents. He further included the water areas, 
atmosphere, and living beings. 
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The Milankovi ’s “end of the world” is just an end of the pole’s tectonics, 
critical temperatures and fluidly fall in the atmosphere. Also, it is the ending of the 
seismic phase, rift genesis, subdaction, and radioactivity. However, all together 
will not have any further consequences on the other structures, especially not on 
the Earth’s nucleus. The Milankovi ’s end of the world resembles the 
minimization of mechanical secular changes of the pole rotation. The Earth’s 
rotation itself stays unchanged or barely changed.  
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Invited lecture 

ASTRONOMICAL VIRTUAL OBSERVATORY. 
BULGARIAN VIRTUAL OBSERVATORY - PLACE AND ROLE. 

GEORGI PETROV, MOMCHIL DECHEV, LYUBA SLAVCHEVA,  
PETER DUCHLEV, BOYKO MIHOV, V. KOPCHEV, RUMEN BACHEV 

Institute of Astronomy, Bulgarian Academy of Sciences, 
72, Tsarigradsko Shaussee Blvd., 1784-Sofia, Bulgaria 

E-mails: petrov@astro.bas.bg, mdechev@astro.bas.bg, duchlev@astro.bas.bg 

Basic principles of the Virtual observatory are described. Steps of 
establishment of Bulgarian virtual observatory departments are marked – 
Bulgarian Solar Virtual observatory and Galaxian Virtual observatory. A brief 
description of the data, included in the Bulgarian Virtual observatory Date Base 
are presented.

Sun: The data from the solar coronagraph in the National astronomical 
observatory “Rozhen” and in the People’s observatories around the country will be 
included. The basic instruments in the solar tower at NAO – Rozhen, which 
produce the data are the Lyot-coronagraph (150/2250) with H  filter (1.8Å) and 
the solar refractor (150/1600). 

Galaxies: Here will be presented the row and/or calibrated data from the 
2_m RCC telescope of the National astronomical observatory “Rozhen”, 60_cm 
telescope of the Belogradchick observatory and some data from other 
observatories. At the time being we have thousands of faint galaxies in voids, 
several tents of Box/Peanut galaxies and Active Galaxies Nuclei, quasars and BL 
Lac objects, gravitational lenses, ca. 30 open clusters and few planetary nebulae.  

In the near future all the data will be distributed by means of MySQL or 
PostgreSQL databases. 



VI SERBIAN-BULGARIAN ASTRONOMICAL CONFERENCE,
7-11 MAY 2008, BELGRADE, SERBIA,

PROGRAM AND ABSTRACTS, EDS. MILAN  S. DIMITRIJEVI , MILCHO TSVETKOV,
LUKA . POPOVI , VALERI GOLEV, ASTRONOMICAL OBSERVATORY, BELGRADE, 2008 

27

Invited lecture 

STELLAR POPULATIONS IN ACTIVE GALAXIES 

PHILIPPE PRUGNIEL1, LUKA . POPOVI 2 et al. 

1CRAL Observatoire de Lyon, CNRS UMR 5574, Universté Lyon I, France 
2Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

E-mails: prugniel@obs.univ-lyon1.fr, lpopovic@aob.bg.ac.yu 

 The activity of galaxies is linked to the growth of the black hole and to 
the building-up of the stellar population. By studying this stellar population, its 
history and kinematics, we get insight into the past evolution of the presently 
active nuclei. We will present the different diagnostics tools allowing to 
understand this history.  
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GEOPHYSICAL CONTRIBUTIONS IN PRECESSION-NUTATION 

JAN VONDRÁK

Astronomical Institute, Academy of Sciences, Bo ní II, 141 31 Prague 4,  
Czech Republic 

E-mail: vondrak@ig.cas.cz 

Recently we found, from the analysis of Very Long-Baseline 
Interferometry (VLBI) observations and using resonant effects in several forced 
nutation terms (Vondrák, Ron 2006a, 2006b, 2007), small quasi-periodic 
fluctuations of the period of retrograde Free Core Nutation (FCN), ranging from 
429.8 to 430.8 days. In our preceding studies we were also able to demonstrate 
that the atmospheric and oceanic excitations are capable of exciting nutation near 
the resonance of FCN; both amplitude and phase of the geophysically excited pole 
are consistent with the values observed by VLBI, in the interval of tens of years. 
The geophysical excitations are now numerically integrated, using Brzezinski’s 
broadband Liouville equations (Brzezinski 1994) in order to estimate the influence 
of the atmosphere and oceans on precession and nutation. It is then removed from 
the celestial pole offsets, observed by VLBI. The remaining part is then used to 
derive the period and quality factor of FCN in running intervals, and to study the 
temporal stability of these important Earth parameters. 
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Short talk 

ON THE DISTANCE OF KR AURIGAE 

SVETLANA BOEVA, ALEXANDER ANTOV, RUMEN BACHEV,  
TSVETAN GEORGIEV 

Institute of Astronomy, 72 Tsarigradsko Chaussee, Sofia 1784, Bulgaria

 E-mail: sboeva@astro.bas.bg  

We estimated the distance of the cataclysmic variable KR Aur using the 
photometric measurements of the minimum brightness in BVRI bands and 
different kinds of empirical dependences on the Porb, masses, absolute magnitudes 
and color-indexes of the components of the system. We used also 2MASS 
measurement of the K-magnitude received close to faintest state. The evaluation 
of the distance and other parameters of the KR Aur were compared with other 
ones of the similar VY Scl type variables. 
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Short talk 

INVESTIGATIONS ON BELGRADE OBSERVATORY OF THE 
INFLUENCE OF COLLISIONAL PROCESSES ON ASTROPHYSICAL 

PLASMA SPECTRA IN 2006-2008  

MILAN S. DIMITRIJEVI

Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mail: mdimitrijevic@aob.bg.ac.yu 

 The brief review of activities on the project “Influence of collisional processes on 
the astrophysical plasma spectra”, from 1st January 2006 up to 1st May 2008 is 
given, in order to inform on our recent activities in this research field, with results 
of interest for the investigation, modeling and diagnostic of astrophysical, but also 
laboratory and industrial plasmas. Here is given our bibliography for the 
considered period in order to show possible directions for collaboration.  
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Short talk 

ON THE REGULARITIES OF STARK BROADENING PARAMETERS 
WITHIN SPECTRAL SERIES: Ar I LINES 

MILAN S. DIMITRIJEVI 1, MAGDALENA CHRISTOVA2, ZORAN SIMI 1,
SYLVIE SAHAL-BRECHOT3

1Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mails: mdimitrijevic@aob.bg.ac.yu, zsimic@aob.bg.ac.yu 
2Department of Applied Physics, Technical University-Sofia,  

BG-1000 Sofia, Bulgaria 
E-mail: mchristo@tu-sofia.bg 

3Observatoire de Paris, 92195 Meudon Cedex, France 
E-mail: sylvie.sahal-brechot@obspm.fr 

The Stark broadening parameters (the width and shift) of six Ar I spectral 
lines: 522.1, 549.6, 518.6, 560.7, 603.2 and 696.5 nm, corresponding to the 
transitions 3p5nd 3p54p for n = 7-5 and 4p' 4s have been calculated within the 
semi-classical perturbation approach. The considered lines are in the optical part 
of the spectrum and are particularly of interest for the research of surface wave 
discharges. 

With the development of space-born spectroscopy, the importance of 
atomic data, including the Stark broadening parameters, for trace elements like 
argon, increases. For example argon is found in CVn binary 2 Coronae Borealis, 
and “Chandra’s” X-ray spectra of young supernovas 1998S and 2003bg revealed 
argon over-abundance. Recently, argon lines are observed in the optical spectrum 
of the Be star Hen 2-90. Consequently, Stark line broadening parameters for 
neutral and ionized argon are of interest for the modelling and investigation of 
astrophysical plasmas. We note here, that lines within the optical spectral range 
are particularly significant. 

In this paper, results of the determination of Stark broadening parameters 
within the semiclassical perturbation method (Sahal-Bréchot, 1969a,b) for four 
visible argon lines (737.2, 603.2, 549.6 and 522.1 nm within the spectral series 
3p54p 2[5/2]3

3D3- 3p5nd 2[7/2]4
3F4˚ are presented, and used for the investigation of 

regularities and systematic trends.  
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Short talk 

KINEMATICS OF THE POST-ERUPTIVE PHASE OF AN ERUPTIVE 
PROMINENCE ON 8 MAY 1979 

PETER DUCHLEV1, JOANNA KOKOTANEKOVA1,
KOSTADINKA KOLEVA1, MOMCHIL DECHEV1,

PAWEL RUDAWY2, BOGDAN ROMPOLT2

1Institute of Astronomy, 72 Tsarigradsko Chaussee, Sofia 1784, Bulgaria 
E-mails: duchlev@astro.bas.bg, joanna66@mail.bg, koleva@astro.bas.bg, 

mdechev@astro.bas.bg  
2Astronomical Institute, Wroclaw University, ul. Kopernika 11,  

51-622 Wroclaw, Poland 
E-mails: rudawy@astro.uni.wroc.pl, rompolt@astro.uni.wroc.pl  

The kinematic pattern of the post-eruptive phase of the quiescent 
prominence which erupted on 8 May 1979 was studied. The eruption of the 
helically-twisted polar prominence originated in the southern leg of the huge 
magnetic system (HMS) that later produce a coronal mass ejection (CME). The 
kinematic evolution of the post-eruptive process was estimated by height-time 
profiles of the heights of the two main flux ropes (FRs) composing the body of 
eruptive prominence (EP) and horizontal expansion between the main FRs feet. 
The inflow velocity of the prominence plasma back to the chromosphere increased 
with constant acceleration of 76 m/s2 and it reached a value up to 200 km/s. The 
horizontal expansion between the main FRs feet of the EP increased with an 
average constant velocity of 12 km/s in first order approximation, but in fact it had 
changed non-linearly. The obtained results were discussed as indicative ones for 
the kinematics and evolution of the magnetic field at the bottom of the erupting 
HMS.
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Short talk 

LINE SHAPE VARIABILITY OF NGC 4151 

DRAGANA ILI 1, ALLA I. SHAPOVALOVA2, LUKA . POPOVI 3,
ALEXANDER N. BURENKOV2, VAHRAM CHAVUSHIAN2

1Department of Astronomy, Faculty of Mathematics, Studentdski Trg 16, 11000 
Belgrade, Serbia

E-mail: dilic@matf.bg.ac.yu 
2Special Astrophysical Observatory of the Russian Academy of Sciences, Russia  

3Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mail: lpopovic@aob.bg.ac.yu 

We study the broad line shape variability of active galaxy NGC 4151 in a 
11-years period, from 1996 until 2006 (Shapovalova et al. 2008). We found that 
the shapes of the broad emission lines are very complex and that they were 
changing in the observed period, indicating that the structure of the Broad Line 
Region (BLR) is changing. To explain such line shape variability we assume an 
outflow in the BLR. 

Short talk 

H-APLHA BRIGHTNESS EVOLUTION DURING THE ERUPTION OF 
PROMINENCE OF 7 MAY 1979 AND 8 JUNE 1980. 

KOSTADINKA KOLEVA, PETER DUCHLEV, MOMCHIL DECHEV 

Institute of Astronomy, 72 Tsarigradsko Chaussee, Sofia 1784, Bulgaria, 
 E-mails: koleva@astro.bas.bg, duchlev@astro.bas.bg, mdechev@astro.bas.bg 

We study H-aplha brightness during the evolution of the eruptive 
prominences (EPs), observed in H-alpha, on 7 May 1979 and 8 June 1980. 
Variations in H-alpha brightness in different parts of prominence body with 
respect to the prominence destabilization is examinated . 

The mean values of relative H-alpha brightness of EPs bodies in arbitrary 
units are used to probe the pre-eruption state of the prominences.  

H-alpha brightness evolution of two prominences with respect to low 
atmospheric magnetic reconnection processes that might be responsible for their 
destabilization and acceleration is considered  
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Short talk 

STELLAR POPULATIONS IN DWARF ELLIPTICAL GALAXIES 

MINA KOLEVA1,2, PHILLIPE PRUGNIEL2, D. MICHIELSEN,  
S. DE RIJCKE et al. 

1Department of Astronomy Sofia University St. Kliment Ohridski 5,
James Bourchier Blvd., 1164 Sofia, Bulgaria, 

2CRAL Observatoire de Lyon, CNRS UMR 5574, Universté Lyon I, France 
E-mail : prugniel@obs.univ-lyon1.fr 

 The dwarf elliptical galaxies are the key for answering many questions of 
the modern cosmology. According to the prediction of the most popular 
cosmological theory - CMD, they should be the most abundant type of galaxies 
(actually the predicted number exceed the observed number of dEs); they should 
contain big quantities of dark matter (M/L > 100Msun) ; they should be the first 
galaxies to form and those containing the oldest and most metal poor stars (not 
observed); they are valuable to study the effects of the environment (giving 
constraints on n-body simulations)...  

 All of this questions can be answered if we have knowledge about their 
stellar population and dynamics. Thanks to the new models, new tools of spectrum 
analyzing and new high quality observations we are starting to understand better 
this small galaxies.  

 We will present results for 15 dEs, observed with VLT (FORS1 and 
FORS2), analyzed with Pegase-HR models using full-spectrum fitting. Our 
conclusion is that this galaxies are more metal rich and younger then preciously 
thought, which already solved some puzzles (like CaT overabundance in the dEs).  
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Short talk 

THE ROLE OF OPTICAL Fe II 4F, 6S AND 4G GROUP OF LINES IN AGN 
SPECTRA

JELENA KOVA EVI , LUKA . POPOVI , MILAN S. DIMITRIJEVI

Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mails: jkovacevic @aob.bg.ac.yu, lpopovic@aob.bg.ac.yu, 

mdimitrijevic@aob.bg.ac.yu 

In order to investigate optical Fe II 4450-5350 Å lines, which extreme 
emission can not be explained by standard photoionization model, we separate 
them in three groups by lower term of transition: 4F, 6S and 4G. We examine the 
relations between those Fe II groups of lines and their correlations with other lines 
in AGN spectra. 

Short talk

ASTRONOMICAL SOCIETY “MAGELLANIC CLOUD” 

ŽARKO MIJAJLOVI 1, ALEKSANDAR SIMONOVI 2,
NADEŽDA PEJOVI 1, ALEKSANDAR VALJAREVI 2

1Faculty of mathematics, University of Belgrade 
E-mails: zarkom@matf.bg.ac.yu, nada@matf.bg.ac.yu 

2Faculty of Geography, University of Kosovska Mitrovica 

Astronomical society Magellanic cloud is founded in May 16. 2001. and 
it is sited in the town of Prokuplje, the South Serbia. It is established by A. 
Simonovi , A. Valjarevi , then students of geography at the University of 
Kosovska Mitrovica, Ž. Mijajlovi  professor of mathematics, S. Šegan, professor 
of astronomy, both at the University of Belgrade and D. iri , professor of 
mathematics at the University of Niš. In this article we present the activities of the 
society in the popularization of astronomy and mathematics in Prokuplje and 
vicinity. Also, it is explained the role of the Society in rising the Astronomical 
station of the Astronomical observatory in Belgrade at the mountain Vidojevica 
nearby Prokuplje.  

Last minute change to Poster.
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ASTROCLIMATIC CONDITIONS AT THE MOUNTAIN VIDOJEVICA 

ŽARKO MIJAJLOVI 1, ALEKSANDAR VALJAREVI 2,
NADEŽDA PEJOVI 1, ALEKSANDAR SIMONOVI 2

1Faculty of mathematics, University of Belgrade 
E-mails: zarkom@matf.bg.ac.yu, nada@matf.bg.ac.yu 

2Faculty of Geography, University of Kosovska Mitrovica 

Here are presented the main climate properties and weather conditions of 
Toplica, the region in the South Serbia. The particular emphasis is given to the 
astroclimate characteristics in the surrounding of the mountain Vidojevica nearby 
the town of Prokuplje. As it is known, there is situated the new astronomical 
station of the Astronomical Observatory in Belgrade, so astroclimate conditions 
may have important function in planning astronomical projects and observations. 
This article is based on various data, some of them collected since 1900. The data 
include the temperature, rainfall, insolation, relative humidity, cloudiness and 
number of days with clear sky. Both, macroclimate and microclimate 
characteristics are considered. 

Short talk 

METAPHYSICAL IDEAS IN PHYSICAL AND ASTRONOMICAL 
THEORIES 

STOJAN OBRADOVI 1, SLOBODAN NINKOVI 2

1Visoka škola za vaspita e strukovnih studija, Pivarska bb,  
18220 Aleksinac, Serbia 

2Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mail: sninkovic@aob.bg.ac.yu 

Some philosophical ideas of interest to both physicists and astronomers 
are presented.  
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TECHNIQUE FOR TRACKING AND VISUALIZATION OF MOTION IN 
SEQUENCE OF IMAGES OF THE SOLAR CORONA 

PETYA PAVLOVA1, KOSTADINKA KOLEVA2

1Technical University Sofia, branch Plovdiv , 
 Institute of solid state physics – Bulgarian Academy of Sciences 
2Institute of astronomy, Bulgarian Academy of Sciences,Bulgaria 

E-mail: p_pavlova@gbg.bg 

The material represents specialized methodology for tracking and 
visualization the motion in sequence of pictures of the solar corona. The 
performance includes: 

Preliminary processing of each frame: initial analysis and elimination to 
atmospheric scattering of the light, image improvement using Gaussian 
filtering and a sharpen filtering for emphasizing of the contours; 
Processing to the series: clipping the area from the currently processed frame, 
alignment the clipping area with the same area in the initial frame, forming 
an image from the maximal brightness for each pixel of each picture of the 
sequence, calculation the –time-spatial gradient, determining the direction of 
gradient changes and visualization of the motion by transfer to saturation and 
colour hue for each pixel. 
This technique is used for development of a special computer program 

working with pictures in FITS and JPG graphic formats.  
The results from application the technique on the image sequences from the 

solar coronagraph of NAO Rozhen are showed. 
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SPECTROSCOPICAL INVESTIGATIONS OF EXTRAGALACTIC 
OBJECTS AT ASTRONOMICAL OBSERVATORY  

(PERIOD 2006 – 2008) 

LUKA . POPOVI

Astronomska Opservatorija, Volgina 7, 11060 Belgrade 38, Serbia 
E-mail: lpopovic@aob.bg.ac.yu 

Here we will give an overview of the activity on the project (P 146002) 
“Astrophysical spectroscopy of extragalactic objects” financed by Ministry of 
Science of Serbia. The scientific activity can be divided into three subjects: (i) 
Investigation of Active Galactic Nuclei; (ii) Gravitational micro-lensing effect in 
spectra of quasars and (iii) Gamma-ray bursts. Besides of scientific work the 
participants of the project were involved in other activities as organizing 
international conferences, observations at other observatories, popularization of 
astronomy, etc. One of the significant results in mentioned period is development 
of international collaboration and accession to the observational facilities located 
at other observatories. 
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FUNDAMENTAL PLANE FOR DWARF AND NORMAL SPIRAL 
GALAXIES 

ORLIN STANCHEV

St Kl. Ohridski University of Sofia, 5 J. Bourchier Str., 1164 Sofia, Bulgaria 
E-mail: orlin.stanchev@gmail.com 

The existence of the fundamental plane of spiral galaxies is confirmed, 
which can be represented in observable terms by the absolute magnitude, the 
linear size of galactic disk and the rotation velocity. Applying the same formalism 
as for ellipticals: the virial theorem and an assumed homology (in both structure 
and kinematics) lead to a tigh three-parameter relation between the galaxy scaling 
parameters mentioned above. This fundamental plane is tested at several optical 
bands, and can reduce the residual of the Tully-Fisher relations by approximately 
50%. A sample of dwarf spiral galaxies is tested for obeying the fundamental 
plane relation similar to that for spirals. It seems that the dwarf spirals obey the 
fundamental plane relation as well, which is mentioned in other works (Burstein et 
all. 1997; Graham A., 2001). 
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WIDE-FIELD PLATE DATABASE AND PRESENT EXPLOITATION OF 
THE ARCHIVAL PLATES  

KATYA TSVETKOVA  

Institute of Astronomy, Bulgarian Academy of Sciences, Bulgaria 
E-mail: katya@skyarchive.org  

The last development of the Wide-Field Plate Database (WFPDB) - basic  
source of information for archived wide-field astronomical plates  
worldwide obtained with professional telescopes since the application of  
the photography for astronomical observations is present. The WFPDB  
collects at the moment information for more than 510 000 photographic plates (or 
24% of all existed and stored 2 200 000 wide-field plates in astronomical 
observatories and institutions all over the world). 

In order to enable future possible investigations on the base of the  
WFPDB a list of observational programmes used for plate receiving is  
compiled. The main characteristics of these programmes is their long  
duration and as a result - the accumulation of large knowledge about the  
observed phenomena. 

Some examples of use of archival wide-field plates (composed light  
curves of interesting stars, searching for past eruptions of a pre-main  
sequence star, present use of CdC plates) are listed. 
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BULGARIAN-SERBIAN COLLABORATION IN THE ASTRONOMICAL 
WIDE-FIELD PLATE ARCHIVING 

KATYA TSVETKOVA1 , MILCHO TSVETKOV1,
VOJISLAVA PROTI -BENIŠEK2, MILAN S. DIMITRIJEVI 2

1Institute of Astronomy, Bulgarian Academy of Sciences, Bulgaria 
2Astronomical Observatory, 11060 Belgrade 38, Serbia 

E-mails: katya@skyarchive.org, milcho@skyarchive.org, vprotic@aob.bg.ac.yu, 
mdimitrijevic@aob.bg.ac.yu 

 The wide-field plates are the basic source for information on the 
astronomical objects back in time. Their archiving requires cataloging and storage 
of plate information in digitized form. We consider here the status of archiving the 
wide-field plate astronomical observations in Bulgaria and Serbia in the context of  
their repeated use for different tasks. In this connection the question of easy access 
to the plate information is very important. The undertaken plate digitization with 
flatbed scanners with making previews for quick plate visualization and 
photometric scans with good resolution is based of change of ideas and experience 
between the Bulgarian and Serbian astronomers. 
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WIDE-FIELD PLATE DATABASE: INCLUDED UKRAINIAN PLATE 
CATALOGUES

KATYA TSVETKOVA1, MILCHO TSVETKOV1, TETYANA SERGEEVA2,
ALEXANDER SERGEEV3

1Institute of Astronomy, Bulgarian Academy of Sciences,
72 Tsarigradsko shosse Blvd, Sofia-1784, Bulgaria  

2Main Astronomical Observatory, National Academy of Sciences of Ukraine
27 Akademika Zabolotnoho St., 03680 Kyiv, Ukraine  

3Terskol Observatory, International Center for Astronomical, Medical,
and Ecological Studies, Ukraine  

The last version of the Catalogue of Wide-Field Plate Archives (June 
2007) contains 43 archives stored in the observatories located in Ukraine - 
Crimean Astrophysical Observatory (Nauchny and Simeiz), Kyiv University 
Observatory, L’viv University Observatory, Main Astronomical Observatory of 
the National Academy of Sciences of Ukraine (Golosiiv), Nikolaev Observatory 
and Odessa University Observatory. About 151 000 plates were obtained in the 
period 1898 - 2004 in the frames of the observing programmes: Small Solar 
System Bodies Observations, Investigations of the Emission Nebulae and 
Connected Stars, Spectral Classification of the Stars and Determination of the  
Stellar Absorption in the Direction of the Emission Nebulae, Photographic Survey 
of the Northern Sky (Fotografichny Ohlyad Neba, FON), Investigation of the 
Kinematics and the Structure in the Main Meridian Section of the Galaxy 
(MEGA), Selection of Reference Stars, Artificial Satellites Observations. 

Up to the moment the basic information for 13 plate catalogues of the  
Main Astronomical Observatory (Golosiiv, Kyiv) and Crimean Astrophysical 
Observatory (Nauchny and Simeiz) are included into the Catalogue of  
Wide-Field Plate Indexes with 12609 plates. The plate digitization is just started 
with MICROTEK ScanMaker 9800 XL with Transparent Media Adapter-1600 
with resolution 1200 dpi. Illustrations of the potential of some Ukrainian plate 
catalogues for future re-usage on the basis of data retrieval from the Wide-Field 
Plate Database are present.

Last minute change to Poster.
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THE CONTRIBUTION TO THEORY OF CELESTIAL MECHANICS 
PROBLEMS OF TWO AND THREE BODIES 

VELJKO A. VUJI I

Matemati ki institut SANU, 11001 Belgrade, p.p. 367 
E-mail: vvujicic@mi.sanu.ac.yu 

In the explanation of Definition of centripetal force (Def. V), Newton is 
stating that the task of mathematician is to find such a force, which will keep an 
observed object at the given orbit, with given velocity, and the other way around: 
to find such curvilinear way in relation to which the given body is moved from the 
starting position at the given velocity.'' 

The obtained formula for the attraction two bodies, more general from the 
formula of Newton's force of gravitation. Its importance is shown in three body 
way at the example of determining of the force of the Sun's and the Earth's acting 
on the Moon. 

In the standard scientific literature written: that the Sun's force is 2.5 time 
bigger then the Earth's one; that the lunar theory of lunar motion is the most 
complicated theory being constructed differently than the rest theories of planet 
motion; that the Moon's motion theory cannot be developed in the basic of 
Kepler's geocentric ellipse. 

But that result contradicts to the aspects in the nature and also to  the laws 
of classical and celestial mechanics. 

The author of this paper suggests the solution of problem in theory of 
Moon's motion, as task system motion two and three material points from the 
axioms of the classical mechanics. Analytical proofs are closed to the facts that 
can be found in the scientific literature. Digression from completely true facts, if 
those facts exist at all, don't influence the author's conclusion - that the force of 
Earth's attraction of the Moon is larger than the force of the Sun. We have to start 
from our new the formula considering the fact that the eccentricity of the Moon's 
and the Earth's path is small, so we have to considered the motion along the 
circular path in the ecliptic plane. We are suggests one solution for dynamic 
paradox of theory of the Moon's motion from the point of the classical mechanics. 

References 
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CCD PHOTOMETRY OF MINOR PLANETS AT THE 
BELGRADEASTRONOMICAL OBSERVATORY 2006-2008  

VLADIMIR BENIŠEK 

Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mail: vlaben@yahoo.com 

In this paper a summary of activities and results in the field of CCD minor 
planet photometry performed with 40.6 cm f/10Schmidt-Cassegrain telescope in 
the period July 2006 – March 2008 at the Belgrade Astronomical Observatory is 
presented. Light curves were constructed and some basic parameters (rotational 
periods and light curve amplitudes) were obtained for 10 minor planets (9 main-
belt asteroids and 1 NEO) using a five star differential photometry.

Poster paper 

PHOTOELECTRIC STUDY OF THE FLARE ACTIVITY OF AD LEO  

RUMEN BOGDANOVSKI1, RENADA KONSTANTINOVA-ANTOVA2

1Institute of Mathematics and Informatics, Bulgarian Academy of Sciences  
2Institute of Astronomy, Bulgarian Academy of Sciences  

E-mail: rumen@skyarchive.org 

AD Leo has been observed in 2006 and 2007 during campaigns of  
simultaneous observations at Bulgarian NAO–Rozhen and AO–Belogradchik. 
High–speed electro photometric monitoring has been carried out in U-band.  
Enhanced flare activity was observed. In the period January–March 2006 and 
optical oscillations were detected during several large flares. In this paper we 
present some preliminary results of our study. 
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COHERENT CATASTROPHISM THROUGH MYTH  

EDI BON, MILAN IRKOVI

Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mails: ebon@aob.bg.ac.yu, mcirkovic@aob.bg.ac.yu 

We argue that cometary impacts and other catastrophic astronomical  
events strongly influence culture and mythology. This perspective is present in the 
crucial oldest myths of all major world religions and traditions. We critically 
investigate the hypothesis of coherent catastrophism (Clube, Bailey, Napier and 
others). We speculate that the main icon of Mithraic religion could represent an 
event that happened around 4000 BC, as a time location of one such cataclysmic 
event.

Poster paper 

MODELING OF AGN BROADE EMISSION LINES  

EDI BON1, NATAŠA GAVRILOVI 1, LUKA . POPOVI 1,
DRAGANA ILI 2

1Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mails: ebon@aob.bg.ac.yu, ngavrilovic@aob.bg.ac.yu, lpopovic@aob.bg.ac.yu 

2Department of Astronomy, Faculty of Mathematics, Studentdski Trg 16,  
11000 Belgrade, Serbia 

E-mail: dilic@matf.bg.ac.yu 

We present investigation of one-peaked broad line shapes of a sample  
of AGN. Using two-component model of Broad Line Region we are trying to 
determine the disk emission in these profiles. Also, we estimate the possible 
parameter domains of the accretion disk.
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CCD MEASUREMENTS OF DOUBLE AND MULTIPLE STARS AT NAO 
ROZHEN 

ZORICA CVETKOVI 1, RADE PAVLOVI 1, ANTON STRIGACHEV2,
BOJAN NOVAKOVI 1

1Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
2Institute of Astronomy, Bulgarian Academy of  Sciences, 72 Tsarigradsko 

Chausse Blvd., 1784 Sofia, Bulgaria 
E-mail: zcvetkovic@aob.bg.ac.yu 

The Belgade team performed three series of observations of double and 
multiple stars at the Bulgarian NAO Rozhen in the period from 2004 to 2006.  

The first series of observations of double and multiple stars performed 
with a CCD camera attached to the 2-m telescope took place in the middle of 
October 2004. The telescope is of the Ritchey-Chretien-Coude type with the focal 
length of 16 m. The frames were obtained by using the Photometrics AT200 CCD 
camera. The chip dimensions are 1024x1024 pixels, the pixel size is 24x24 
micrometers. The angle corresponding to one pixel is 0.31 arcsec. The results have 
been published in (Pavlovi  et al. 2005).  

The second series took place in the end of October 2005. The results have 
been published in (Cvetkovi  et al. 2006). The third series took place on 
December 16/17, 2006. The results have been published in (Cvetkovi  et al. 
2007). In the second and third series the frames were obtained by using the CCD 
camera VersArray:1300B. The chip dimensions are 1300x1300 pixels, the pixel 
size is 20x20 micrometers. The angle corresponding to one pixel is 0.258 arcsec. 

We presented the results for the position angle and separation for 70 
double or multiple stars (129 pairs) which were measured in the three papers given 
below.

References 
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CLASSICAL OBSERVATIONS OF LATITUDE AND THE IMPROVED 
REFERENCE FRAME 

GORAN DAMLJANOVI 1, NADEŽDA PEJOVI 2

1Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
E-mail: gdamljanovic@aob.bg.ac.yu 

2Department of Astronomy, Faculty of Mathematics, Studentdski Trg 16,  
11000 Belgrade, Serbia

E-mail: nada@matf.bg.ac.yu 

It was decided at the General Assembly of IAU in 1997 at Kyoto  
that the International Celestial Reference Frame materializes the International 
Celestial Reference System from the beginning of 1998, and the HIPPARCOS 
Catalogue was accepted as the primary representation of the International Celestial 
Reference System in optical wavelengths. HIPPARCOS is one of the two 
catalogues (another one is Tycho) of ESA mission, and it gives for each of 118218 
stars: very precise positions, proper motions, parallaxes, etc. However, nowadays 
we can see that the proper motions of some stars (mostly double or multiple) have 
problematic values because the mission was too short, less than four years. To 
improve these proper motions , it is possible to use also the ground-based long 
history optical observations of latitude/universal time variations (near 4.4 million  
observations of more than four thousand stars were collected), and the reference 
frame can be more stable. The goal is the Earth Orientation Catalogue (EOC). In 
this paper, we present some results of proper motions in declinations of 
HIPPARCOS stars observed with Photographic Zenith Tubes (PZT) throughout 
the 20th century. 
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STARK BROADENING OF NEUTRAL TELLURIUM SPECTRAL LINES 
IN WHITE DWARF ATMOSPHERES  

MILAN S. DIMITRIJEVI 1, ZORAN SIMI 1,
ANDJELKA KOVA EVI 2, MIODRAG DA I 1,

SYLVIE SAHAL-BRÉCHOT3

1Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 
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mdacic@aob.bg.ac.yu 
2Department of Astronomy, Faculty of Mathematics, Studentdski Trg 16,  

11000 Belgrade, Serbia 
E-mail: andjelka@matf.bg.ac.yu 

3Observatoire de Paris, 92195 Meudon Cedex, France 
E-mail: sylvie.sahal-brechot@obspm.fr 

With the development of astronomical observations from space, even 
elements like tellurium are found in stellar atmospheres, so that the broadening 
parameters of its spectral lines are needed for the better analyzis and synthesis of 
stellar spectra. In order to provide the needed spectroscopic data, we determined, 
Stark widths and shifts for four Te I multiplets, of interest for modellisation, 
investigation and diagnostic of stellar plasma, by using the semiclassical 
perturbation method. Results were applied for the investigation of the influence of 
Stark broadening mechanism in ultraviolet, optical and infrared part of the 
spectrum of A-type and white dwarf star atmospheres. The obtained results 
demonstrate that, in the considered case, Stark broadening is more important in 
optical and infrared, than in the ultraviolet part of the spectrum, and that this effect 
should be taken into account for the analysis and modeling of particular layers in 
A-type and white dwarf stellar atmospheres and subphotospheric layers.  
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PHOTOMETRIC STUDY OF RY SCUTI 

GOJKO DJURAŠEVI 1, IŠTVAN VINCE1, OLGA ATANACKOVI 2
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 The UBVR light curves of the massive eclipsing binary RY Sct, obtained 
at the Maidanak Observatory from 1979 to 1994, were reanalyzed in order to 
prove the hypothesis of the presence of an accretion disk in the system. This 
possibility is supported by the new spectroscopic study of Grundstrom et al. 
(2007), and by a specific light-curve shape exibiting a slight asymmetry around 
the secondary minima and a small difference in the height of the successive 
maxima. The light-curve analysis was performed by using a Roche model of a 
binary containing a geometrically and optically thick accretion disk around the 
more massive primary star. By solving the inverse problem, the orbital elements 
and the physical parameters of the system components and of the accretion disk 
were estimated for all individual UBVR light curves. The model gives a consistent 
solution for RY Sct binary system and supports the hypothesis of the existence of 
an optically thick disk around the massive component. Our results suggest a mass 
exchange between the components and a mass loss from the system. This could be 
considered as a possible mechanism of the formation of the accretion disk around 
the more massive component and of the circumstellar envelope of toroidal form in 
the orbital plane of the system. 
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We are going to present our analysis of synthetic spectrum composed of 
AGN and stellar population spectra. The goal of the work was to test the accuracy  
of extracting kinematics, age and metallicity of the stellar population in the inner 
kpc of active galactic nuclei, based on pixel fitting of high-resolution spectra with 
synthetic stellar populations. We conclude that our method can efficiently restore 
kinematics, age and metallicity of the stellar population, as well as the AGN 
contribution to the continuum. 
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OBSERVATIONS OF M81 GALAXY GROUP IN NARROW BAND [SII] 
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We present preliminary results of the observations made with 2m 
telescope at NAO Rozhen, using narrow band [S II] and H  filters. The main 
target was to identify supernova remnant candidates in interaction regions in M81 
galaxy group, particularly in the so-called Arp's loop and Holmberg IX. Tidal 
interaction between galaxies in this group is supposed to led to enhanced star 
formation which will result in a number of supernovae, which remnants we have 
tried to detect. 
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The dependence of the radial alignment of dark matter subhalos on the 
mass of the their host halo is explored. In a sample of 25 well resolved host halos 
with masses 1015 h-1 to 1012 h-1 M  the subhalos tend to be more spherical than 
isolated objects and their distributions of sphericity and triaxiality of subhalos are 
Gaussians. It turns out, that the radial alignment is independent on host halo mass. 
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Massive stellar content of stellar complexes and associations in M33 is 
studied combining deep UBV photometry from the Local Group Survey (Massey 
et al. 2006) and JHK photometry from the 2MASS. The blue-to-red stars ratios 
(OB stars vs. red supergiants) and their application for deriving the star formation 
history in this galaxy are discussed. 
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 The Magellanic Clouds are known to have a large variety of star clusters 
of various ages and morphology. Unlike the Milky Way, the Magellanic Clouds 
have suffered strong interactions among themselves and our galaxy through their 
lifetime. During those episodes, bursts of star and cluster formation has occurred, 
so a large number of star clusters are in the process of forming or very young still 
embedded in very disturbed environments and often in pairs.  

 A study of the imprints of such interactions has revealed that these 
clusters display distorted density profiles. The observed distortions and their 
relation to the structural parameters (central density, core radii, half-mass radii, 
tidal radii, Spitzer radii) of the selected clusters is discussed. 
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ENVELOPES OF COMET TRAJECTORIES 
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We consider comet trajectories from the stand point of Nonstandard 
analysis (Leibniz's) analysis, a relatively new branch of mathematics. In particular, 
we consider parabolic comets paths. It appears that in a sense every parabola is an 
ellipse. Let E be an ellipse having focuses at the points (0,1) and (0,H) where H>0 
is an infinite real number. Then all standard points of E, i.e. the points laying in 
the real plane R2, R is the set of real numbers, are the points of loci of an 
"ordinary" parabola P. We show that P is in the fact the envelope of the family of 
all ellipses having one focus in (0,1), the other one in (0,b), b is a positive real 
number. 

Here one can recognize the difficulty in determination of the nature of the 
comets orbits having distant second focus. In fact, the preceding example shows 
that every comet's orbit which is measured (observed) as parabolic actually is 
elliptical. But, its second focus is too remote to measure it. 

Last minute change to Short talk.
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INFLUENCE OF THE PHASE OF THE SPHERICAL PLANET ON THE 
POSITION OF ITS PHOTOCENTER 

VLADIMIR V. MIKHALCHUK 
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The analysis of the reasons influencing a position of photocenter of the 
spherical planet under various conditions of its illumination intensity and various 
conditions of its observations is carried out. According to the indicated reasons 
various methods of determination of the position of photocenter of the planet in 
which the photocenter of the planet is considered as center of an illuminated part 
of its visible disk or as light center of its disk are offered. 

The considered problem for ground-based observations is solved in an 
orthographic approximation: boundary of a visible planetary disk is the 
orthographic limb, and boundary of its illuminated part – orthographic terminator. 

Let's consider a diffuse reflection of light from surface of the planet and 
assume to a first approximation, that the brightness is uniformly distributed over 
the illuminated part of its visible disk. 

If the observable image of a visible planetary disk is resolvable, then the 
photocenter of the planet will coincide with the center of an illuminated part of its 
visible disk. 

If the observable image of a visible disk is nonresolvable (in case of the 
planetary satellite or the spherical asteroid), then the photocenter of this object is 
considered as light center of its visible disk. 

If reflection of light from the surface of the planet is absolutely mirror, 
then in any case the photocenter of the planet will coincide with the mirror point 
of an illuminated part of its visible disk. 

For both models of allocation of brightness over the illuminated part of 
the visible planetary disk the dependences of the position of photocenter on the 
phase angle are obtained. As a result of the analysis of these dependences some 
regularity of illumination of visible disks of planets are established. 

The example of determination of a position of photocenter of Mercury is 
given. 

References 

Chollet, F.: 1984, Astron. Astrophys., 139, 215. 



VI SERBIAN-BULGARIAN ASTRONOMICAL CONFERENCE,
7-11 MAY 2008, BELGRADE, SERBIA,

PROGRAM AND ABSTRACTS, EDS. MILAN  S. DIMITRIJEVI , MILCHO TSVETKOV,
LUKA . POPOVI , VALERI GOLEV, ASTRONOMICAL OBSERVATORY, BELGRADE, 2008 

63

Hestroffer, D.: 1998, Astron. Astrophys., 336, 776. 
Lindegren, L.: 1977, Astron. Astrophys., 57, 55. 
Lupishko, D. F., Shevchenko, V. G., Tungalag, N.: 2002, Mem. della Soc. Astron. 

Ital. 73, 650. 
Mikhalchuk, V. V.: 2001, Astron. Vestnik, 35, 89. 
Mikhalchuk, V. V.: 2001, Odessa Astron. Publ., 14, 261. 
Sitarski, G.: 1984, Acta Astron., 34, 269. 
Standish, E. M.: 1990, Astron. Astrophys., 233, 252. 
Toulmonde, M., Chollet, F.: 1994, Astron. Astrophys., 287, 1014. 



VI SERBIAN-BULGARIAN ASTRONOMICAL CONFERENCE,
7-11 MAY 2008, BELGRADE, SERBIA,

PROGRAM AND ABSTRACTS, EDS. MILAN  S. DIMITRIJEVI , MILCHO TSVETKOV,
LUKA . POPOVI , VALERI GOLEV, ASTRONOMICAL OBSERVATORY, BELGRADE, 2008 

64

Poster paper 
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A discussion concerning the relationship between the surface brightness 
and surface mass density in the fields of globular clusters is given.
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LONG-TERM VARIABILITY MONITORING OF THE Z ~ 0.8 QSO SDSS 
J0754+3033. I.OBSERVATIONS AND PHOTOMETRY 

EVGENI OVCHAROV1, ANTONIA VALCHEVA2, V. D. IVANOV3,
PETKO NEDIALKOV1, IVAYLO STANEV1
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We report preliminary results of our 4-year optical (VRI) monitoring of 
the flat spectrum radio quasar SDSS J0754+3033 at redshift z = 0.80 with the 2m-
RCC telescope at the NAO Rozhen, Bulgaria. The data reduction is described, 
light curves and preliminary structure function analysis are presented. The quasar 
exhibited variations with amplitude of up to a few tenths of the magnitude during 
our campaign. We also obtained narrow-band images of the field searching for 
associated emission line objects at the redshift of the quasar.
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ASTRONOMY IN THE TOPLICA REGION 
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In this article we present the undertakings connected with astronomy in 
the Toplica region. Until recently all activities were linked to the popularization 
and education of astronomy and other mathematical sciences. First attempts in this 
area rose at the beginning of the 20th century when the Gymnasium in Prokuplje 
was founded (1908), but they were not so successful. Here should be mentioned 
attempts in the twenties of Aleksa Savi , the prominent medical doctor, humanist 
and donator who lived in Prokuplje. First amateur telescopes were brought in 
Prokuplje in the beginning of seventies, and at the same time started the regular 
education of astronomy in high-schools. The turning point was 2001 when the 
amateur astronomical society Magellanic cloud was founded. Immediately the 
idea of rising of an astronomical station of the Astronomical observatory in 
Belgrade (AOB) at the mountain Vidojevica nearby Prokuplje was renewed. Soon 
the building of the station started due to the efforts of the staff of AOB, first of all 
Milan Dimitrijevi  (the previous director of AOB) and Zoran Kneževi  (the actual 
director of AOB) and the astronomers of the Chair for astronomy of the Faculty of 
mathematics of he University of Belgrade, first of all professor Stevo Šegan. The 
significant role in this mission played the astronomical society Magellanic cloud 
and the administration of the Toplica County. Popularization of astronomy was 
intensified and most prominent Serbian astronomers delivered public lectures 
there.
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Kolmogorov-Smirnov test is applied for samples the planet bearing stars and 
stars without discovered planet systems. The parametric space of mass, radius, 
age, rotational period, metallicity and z-coordinates is thoroughly search in order 
to find significant differences. These efforts focus on improving the probability to 
have a planet around a star based on its physical properties.
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BULGARIAN VIRTUAL OBSERVATORY. 
MULTICOLOR OBSERVATIONS OF BOX /PEANUT GALAXIES 

GEORGI PETROV 

Institute of Astronomy, Bulgarian Academy of Sciences, 
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CCD images for 30 edge-on galaxies - with and without Box/Peanut 
structures are taken on the 2_m (24 galaxies) and 60_cm (17 galaxies) telescopes 
as follow: 

 (U), B, V, R, I CCD frames on the 2-m RCC telescope on Rozhen 
observatory with typical resolution 12"/mm = 0.62"/px with binning and rarely 
0.31"/px, CCD camera "Photometrics" and (B), V, R, I frames on the 60_cm 
telescope on Belogradchick observatory with typical resolution of 27.5"/mm = 
0.78"/px with 3x binning, CCD camera ST-8.  

Every night the standards in selected clusters - M92, NGC 7790 or M67, 
bias, dark and flat field frames were taken to calibrate the observations. 

Typical exposure times for these observations was 2 to 5 min, so the 
bulge/disk regions are clear visible. 

All the objects, taken in the optics were reduced in the same manner as 
explained above. For all observed and reduced images distribution of the surface 
brightness were examined using MIDAS reduction package.  

Basic results from these observations: 
1) Ca. 25 % of the edge-on galaxies, classified as type 4 and 5 - i.e, non 

Box/Peanut, but ellipsoidal or impossible to classify objects in fact are type 3 
Box/Peanut bulges - from the listed above these are NGC 5014, 6368, UGC 8085, 
9389 and probably NGC 5610 with definitely Box/Peanut shape of the bulges, but 
with smaller inclination angles, so the spiral structure is clearly visible. 

2) There is no significant difference in the bulge/disk shapes in the 
different colors, so, it is enough for detailed study to use e.g. B and R images only. 
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MULTICOLOR OBSERVATIONS OF OPEN CLUSTERS IN OUR 
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Ca. 900 CCD frames in U,B,V,R,I on the 2-m RCC telescope and in 
B,V,R,I on the 60-cm telescope have been taken for 30 open clusters, including 7 
bright clusters, 16 (8 x 2) probably double open clusters and 7 clusters in the 
anticenter of the Galaxy. 

For photometric reduction Stetson's DAOPHOT and ALLSTAR program 
packages, implemented in MIDAS were used. Standards in several star clusters 
were used - the clusters M92 (mainly), NGC 7790, NGC 4147 an M67 and the 
improved standard sequences from the latest years have been taken.  



VI SERBIAN-BULGARIAN ASTRONOMICAL CONFERENCE,
7-11 MAY 2008, BELGRADE, SERBIA,

PROGRAM AND ABSTRACTS, EDS. MILAN  S. DIMITRIJEVI , MILCHO TSVETKOV,
LUKA . POPOVI , VALERI GOLEV, ASTRONOMICAL OBSERVATORY, BELGRADE, 2008 

69

Poster paper 

UNABSORBED SEYFERT 2 TYPE GALAXIES WITH AND WITHOUT 
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GEORGI PETROV, IVANKA YANKULOVA, VALERI GOLEV

1Department of Astronomy, St. Kliment Ohridski University of Sofia 
E-mails: petrov@astro.bas.bg, valgol@phys.uni-sofia.bg 

We have compiled a sample of nearby unabsorbed Seyfert 2 type galaxies to 
investigate them whether there is hidden or nonhidden AGN source. This question 
in some way coincides with the presence of Hidden Broad Line Region (HBLR) 
and non- HBLR in Sy2. Our sample contains Sy2 type galaxies selected by two 
criteria: ( i ) Sy2’s with unabsorbed X-rays which column densities are 

22 210 cmHN , and ( ii ) Sy2’s with known flux 
5007f  in emission line [ ] 5007OIII .

For this sample we have derived the ratio 
55 eV( / )ph ion hN N  of the number of 

photons 
phN  traced by the [ ]OIII emission line to the number 

ionN of high-ionization 

photons (with energies 55 eVh ) provided by the central AGN source. This ratio 
probed the collimation hypothesis in the Unified Model and in the anisotropic case 
should be considerably larger than 1. We show that a large fraction of unabsorbed 
Sy2s in our sample possess a hidden AGN source and, also, the Sy2s with hidden 
AGN source have significantly smaller Eddington’s ratios /bol EddL L .
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In this contribution we will investigate the influence of shape of barrier 
formed by the material ejected by the decelerated shock waves, on the light curve 
pulses. This research is done in the frame of internal shock wave model which is 
broadly accepted to explain evolution and mutual interaction of relativistic shock 
waves in the first phase of gamma ray bursts. We have used the model which we 
develop in earlier work to follow the evolution and interaction of single shock 
wave. In order to investigate evolution of hydrodynamical parameters, as well as 
the effects on radiation which create light curve pulse, we replace the Gaussian 
profile of barrier with more suitable. Comparation and discussion with 
observational results is also presented. 
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Recently, the effect of Stark broadening on the shapes of Cr II spectral 
line observed in stellar atmospheres of the middle part of the main sequence was 
investigated in Dimitrijevi  et al. (2007) and it was found that Stark broadening 
mechanism is important and should be taken into account especially in the study 
of Cr abundance stratification. In this paper, Stark broadening parameters for Cr II 
spectral lines of seven multiplets belonging to 4s-4p transitions were calculated by 
the semiclassical perturbation approach (Sahal-Bréchot, 1969a,b), and obtained 
Stark broadening parameters were applied to the analysis of Cr II line profiles 
observed in the spectrum of Cr-rich star HD 133792. 

Taking into account the importance of Stark broadening for different types 
of spectroscopic studies and the particular interest of resonance transitions, we 
performed here calculations of its Stark widths and shifts of nine Cr II 3d5 - 3d44p 
multiplets. 
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We present results of isophotal analysis of a number of Seyfert galaxies. 
We examine the contour maps and the profiles of surface brightness, ellipticity, 
position angle and Fourier C4 coefficient and find new components for a part of 
the objects.
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ACTIVITY, STAR FORMATION AND BULGE MASSES 
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The evolution of massive black holes (BHs) in relation with their host 
galaxy is presently intensively debated. Massive black holes seem present in all 
galactic nuclei, independently of their level of activity. It is clear that the growth 
of the BH and the evolution of the host galaxy are related, so it is generally 
assumed that their co-evolution is mainly the result of merger events within the 
hierarchical scenario of large structure formation. However this scenario begins to 
be questioned seriously. It is indeed difficult to explain how smaller BHs grow at 
lower redshifts and more massive ones at higher redshifts. 

Optical observations of a complete sample of X-rays selected galaxies, 
also detected in the far-IR, will be used to determine the mass of the black-hole 
(via the broad-line Hbeta characteristics) and the mass of the bulge via optical 
photometry and velocity dispersion, to derive the BH/bulge ratio.  

The X-rays parameters will give access to the nuclear activity, while the 
far-IR will provide an estimate of the global star formation rate. This sample 
should help clarify the relations between nuclear activity and global star formation 
over a wide range of galaxy masses. 

A regular optical photometric follow-up of some rapidly variable radio 
AGN's studied with VLBI would also be an essential contribution to determine the 
structure of the central engine (e.g. a binary black hole). 
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EPHEMERIS CALCULATIONS CONCEPTS: 
CONVENTIONS AND PRACTICE IN THE PLANET'S  

PHYSICAL EPHEMERIDES CALCULATIONS 

STEVO ŠEGAN, DUŠAN MAR ETA

Department of Astronomy Faculty of Mathematics Belgrade University  
E-mail: ssegan@matf.bg.ac.yu 

In the age of intensive exploring the solar system, the many professionals 
and non-professionals becoming interested in calculating of basic data regarding 
solar system planets. We have considered some concepts of the planet’s physical 
ephemeris calculation as a task in a rounding of increasing number of powerful 
computers available to everyone. Elementary comparison among last 20 years 
international conventions in this calculation practice is done. As an effective result 
you can find interactive program for practical calculation of the planet’s physical 
ephemerides. 
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GENERAL ALGORITHM FOR THE DATA PROCESSING: 
PHASE I: ACQUISITION, PREPROCESSING AND CORRELATION 

ANALYSYS 
PHASE II: STATISTICAL DEPENDENCES AND REGRESSION 

ANALYSYS 

STEVO ŠEGAN, SONJA VIDOJEVI

Department of Astronomy Faculty of Mathematics Belgrade University  
E-mails: ssegan@matf.bg.ac.yu, sonja@matf.bg.ac.yu 

 We have considered some concepts of the expert’s planning and 
constructing of the general algorithm for astronomical (or any other kind) data 
processing. The problem is solved in accordance with our knowledge that all 
calculations are task covered by fact of increasing number of powerful computers 
available to everyone. Many professionals and non-professionals becoming 
interested in the explicit, as possible, rules for data processing. In these articles we 
explain special scheme for that and follow it with some examples. 

Poster paper 

DIRECT DETERMINATION OF SOLAR PHYSICAL COORDINATES 
PB ,0  FROM PHOTOHELIOGRAMS 

ALEKSANDAR S. TOMI

Poeoples observatory, Kalemegdan, Gornji grad 16, 11000 Belgrade, Serbia 
E-mail: aleksandartomic@hotmail.com 

Sunspots observation by photoheliograms in only two weak can be used 
for direct determination of solar physical coordinates PB ,0  if level is used for 

determination of horizontal line on the plate. Theory would be presented with an 
example.  
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A SEARCH FOR NOVAE IN M31 WITH THE TELESCOPES  
OF NAO ROZHEN 

ANTONIA VALCHEVA1, EVGENI OVCHAROV2, PETKO NEDIALKOV2,
TSVETAN GEORGIEV1, A. KOSTOV1, Y. NIKOLOV2, V. IVANOV3

1Institute of Astronomy, Bulgarian Academy of Sciences 
2Department of Astronomy, St. Kliment Ohridski University of Sofia 

3ESO 
E-mail: evgeni@phys.uni-sofia.bg 

We present a long-term optical search for novae in our neighbour galaxy 
M31, based on observations with the 2m-RCC telescope and 50/70cm Schmidt 
telescope at NAO Rozhen, Bulgaria. Our monitoring of the M31 central region 
yields ~20% of all newly discovered novae during the last 3 years. The images 
were inspected manually and the photometry of the candidates was carried out 
with IRAF. Here we report coordinates and R-band magnitudes for 14 Nova 
candidates. All available data from optical and spectroscopic observations during 
this period are also summarized.

Poster paper 

YOUNG STELLAR GROUPS IN M33 GALAXY: DELINEATION AND 
MAIN PARAMETERS  

LUBA VASSILEVA1, PETKO NEDIALKOV2, TODOR VELTCHEV2

1Institute of Astronomy, 72 Tsarigradsko Chaussee, Sofia 1784, Bulgaria 
2Department of Astronomy Sofia University St. Kliment Ohridski 5,

James Bourchier Blvd., 1164 Sofia, Bulgaria 

The problem of (non-)existence of a typical size of the stellar associations 
is revisited by use of deep UBV stellar photometry in M33 from the Local Group 
Survey (Massey et al. 2006). Main parameters of young stellar groups like size 
distribution and typical density are determined and the possible hierarchical 
structure of recent star formation sites is discussed.
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TOWARD A MODEL OF THE STELLAR INITIAL MASS FUNCTION 
(IMF) FROM DENSITY DISTRIBUTION OF MOLECULAR CLOUD 

CLUMPS

TODOR VELTCHEV1, R. S. KLESSEN2, P. CLARK2

1Department of Astronomy, University of Sofia, James Bourchier Blvd. 5, 
Sofia 1164, Bulgaria 

2Institut für Theoretische Astrophysik / Zentrum für Astronomie der 
Universität Heidelberg 

Albert-Überle-Str. 2, 69120 Heidelberg, Germany  
E-mail: eirene@phys.uni-sofia.bg 

Some basic steps toward creating a model of IMF are proposed. The 
presented preliminary results include mass distributions of protostellar clumps, 
assuming a power relationship between their masses and densities (rho~m ), and 
an approach for combined consideration of fragmentation and competitive 
accretion on the collapsing cores 

Poster paper 

STABILITY AND EVOLUTION OF MAGNETIC ACCRETION DISK 

KRASIMIRA YANKOVA 

Space Research Institute, Bulgarian Academy of Sciences, 6 Moskovska Str.,  
1000 Sofia, Bulgaria 

E-mail: f7@space.bas.bg

In this paper we consider the magneto-hydrodynamic of the hot advection 
accretion disk. We investigate the interaction between stream and magnetic field. 
Appear and activity on the instabilities in the stream is discussed. Here we will 
show our results for 2D radial structure of disk and local warm in disk. How the 
flow is develop in (r, )-plane on disk. We show the form of conditions for 
destroying of us disk to the inner edge. 
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LATITUDE VARIATIONS FOR THE PERIOD 1987.5-2008.3 AT 
OBSERVATORY PLANA AND THEIR INTERPRETATION 

YAVOR CHAPANOV, TSVETAN DARAKCHIEV 

Central Laboratory for Geodesy of Bulgarian  Academy of Sciences, Acad. G. 
Bonchev Str. Bl.,1113 Sofia, Bulgaria 

E-mail: chapanov@clg.bas.bg 

Latitude variations at Geodetic Observatory Plana, located near to Sofia, are 
determined permanently since July 1987 by means of zenith telescope Zeiss 
135/1750. More than 18350 observations of 72 star pairs are available now for 
scientific investigations. Most essential results and interpretation of the latitude 
variations and oscillations of the vertical at observatory Plana for the period 
1987.5-2008.3 are pointed out here. Some changes of the latitude and vertical at 
observatory Plana are explained by the earthquakes, long-period variations of the 
gravity and solar activity cycles.  
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NEW TREND IN ASTROMETRY: INTELLIGENT SYSTEMS INSTEAD 
AUTOMATIC MEASURING MACHINES 

ALEKSANDR SERGEEV 

Center of Astronomical and Medico-Ecological Researches, 31 Akademika 
Zabolotnoho St., 03680 Kyiv, Ukraine 

E-mail: sergeev@mao.kiev.ua 

 Modern astrometry researches based on collection of plates have been 
slowed down by some troubles in measuring process. Scanners and automatic 
measuring machines are capable to make fast data processing but still have 
problems of measuring of photographic plate without human’s control in real time. 
To overcome it the intelligent decision-taking system should be constructed.  
Vital differences of the proposed system are: 

1. Ability for decision agenda to work in non-stop mode under list of troubles 
or combination of it; 

2. Self-tuning system to measuring plates and objects; 
3. Real time diagnostic and storing of main parameters of  measuring system; 
4. Verification output for experimental data in real time to control measuring 

process; 
5. Problem-solving technique to realize non-stop mode without  the assistance 

of  operator; 
6. Keeping logs with failures detected and decisions made during measuring to 

use them in the other applications. 

As example of such system, PARSEC and future perspectives of plate scanning 
will be discussed.
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THE GOLOSIIV PLATE ARCHIVE CREATION AS AN ELEMENT OF 
UKRAINIAN VIRTUAL OBSERVATORY. FIRST STEPS 

ALEKSANDR SERGEEV1, TATYANA SERGEEVA2

1Center of Astronomical and Medico-Ecological Researches, 31 Akademika 
Zabolotnoho St., 03680 Kyiv, Ukraine 

2Main Astronomical Observatory of the National Academy of Sciences of Ukraine, 
27 Akademika Zabolotnoho St., 03680 Kyiv, Ukraine

E-mails: sergeev@terskol.com, sergeeva@mao.kiev.ua 

The preservation of the unique information kept on astronomical plates in 
digital form can’t be achieved only by simple transformation to digital form and 
keeping on electronic data medium. There are several problems on this way: how 
to store large volume of digital archive data; how to select right method for plate 
digitization and criteria for data verification, to be sure original information stored 
on plate is preserved. The problem with linking of plate images and observation 
log-books data, considering different formats and errors for different instruments, 
should be resolved as well.  

The main goal of digital archive creation, as element of virtual observatory, is 
to provide such information easily accessible for researchers in digital format. 

We present the main methods and criteria of digital Golosiiv Plate Archive 
creation and scientific problems that may be resolved on it base.  
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OPTICAL OBSERVATIONS OF THE GALACTIC SUPERNOVA 
REMNANTS: G59.5+0.1, G84.9+0.5 AND G67.7+1.8 

AYTAP SEZER1,2, F. GÖK2,  ZEKI ASLAN3, E. AKTEKIN2,  E. N. ERCAN1

1Bo aziçi University, Physics Department, Bebek-Istanbul 34342 -Turkey 
E-mails: aytap.sezer@boun.edu.tr; ercan@boun.edu.tr 

2Akdeniz University, Faculty of Art and Sciences, Department of Physics 
Antalya, 07058, Turkey 

E-mails: gok@akdeniz.edu.tr, eaktekin@akdeniz.edu.tr 
3Kültür University,  Faculty of Art and Sciences, Department of Physics 

Istanbul, 34510, Turkey 
E-mail: z.aslan@iku.edu.tr 

In this work,  the optical CCD observations and long slit spectra of the 
galactic supernova remnants G59.5+0.1, G84.9+0.5 and G67.7+1.8  are presented. 
The observations are carried out with the RTT 50 1.5 m -Russian-Turkish joint 
Telescope, at TUB TAK National Observatory (TUG) in Antalya, Turkey . The 
optical observations of G59.5+0.1 and G84.9+0.5 are reported here as the first 
observations of these supernova remnants. The images are taken with H   , [SII] 
and their continuum filters. After  subtracting the continuum from H . and [SII], 
[SII]/H   ratio is obtained. This average ratio is found to be 0.41 and 0.44  for 
G59.5+0.1  G84.9+0.5,respectively  which is in a very good agrement with the 
ratio obtained from the optical spectra of our observations, i.e. 0.46 and 0.40, 
respectively, indicating that these remnants are close to, or interacting with, HII 
regions.  G59.5+0.1 and G84.9+0.5 remnants are found to show diffuse-shell 
morphology while G67.7+1.8 showed arc-shell morphology. From the emission 
lines of the spectra, the electron density Ne, pre-shock density nc, explosion 
energy E, interstellar extinction E(B-V) and neutral hydrogen column density 
N(HI) are calculated and presented here while the shock velocity Vs  is also  
estimated from our observations. 
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PROCESSING AND MEASURING OF OPEN CLUSTERS PHOTO 
IMAGES WITH PULKOVO AUTOMATIC MACHINE "FANTASY" 

YU. K. ANAN`EVSKAYA1, V. N. FROLOV1, E. V. POLIAKOW1,
MILCHO K.TSVETKOV2

1Pulkovo Observatory, Russian Academy of Sciences, Russia 
2Institute of Astronomy, Bulgarian Academy of Sciences, Bulgaria 

E-mails: poliakow@rol.ru, milcho@skyarchive.org 

The observations of open clusters are conducted in Pulkovo from the end 
of the XIX century. At the present time the collection of plates contains several 
hundred photographs. Each plate archive is represented by series from 6 to 20-30 
plates. These photographs are digitized on flatbed scanners Umax-1200 and 
Umax-2400 with permission 600-1200 dpi and in the measuring machine 
"FANTASY" (resolution 7250-8820 dpi, the position accuracy of 0.1 microns). 
This observational material, is used for obtaining the list of the preliminary 
coordinates of stars, on which then connect the systems of coordinates of plate and 
machine. "FANTASY" scans by the windows of  6.0x4.5 mm2 with the overlap of 
sides to 10%. The complete image of the section of the celestial hemisphere with 
the accumulation is assembled from the separate windows, the operations of 
contrasting are performed. Then will recognize the images of stars on the plates of 
a series, plate they identify between themselves, their images are summarized. The 
images of stars will recognize on the summary image of accumulation, their 
coordinate they identify with the catalog. Then positions and photometry of stars 
on each plate are measured and are calculated star drifts, are separated the 
members of accumulation from the stars of background. All operations of 
working, recognition, and identification are performed automatically. 
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ARCHIVAL PHOTOGRAPHIC OBSERVATIONS IN THE PLEIADES 
FIELD: AN ON-LINE ACCESS TO THE PLEIADES PLATE DATABASE 

AND ANALYSIS OF THE PLATE DATA 

ANA BORISOVA, DAMYAN KALAGLARSKY, MILCHO TSVETKOV 

Institute of Astronomy, 72 Tsarigradsko Chaussee, Sofia 1784, Bulgaria, 
E-mails: ana@skyarchive.org, milcho@skyarchive.org 

Pleiades open cluster, one of the favorite for astronomical observations, 
gives a rare challenge to obtain one of the longest photometric datasets. 
Photographic plates in the field are taken in about one century time period, from 
1885 to 2000. Using the resources of the Wide Field Plate Data Base (WFPDB), 
plate data and the astronomical plate archives information, we analyze the 
information for more than 3000 photographic plates with magnitude limit greater 
than 12. Time distribution as well as the magnitude limit of the plates in the 
observational period is presented. Pleiades Plate Database is organized and an on-
line access, through the WFPDB web-page is provided. 
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light curve pulses 

Zoran Simi , Milan S. Dimitrijevi , Andjelka Kova evi , Miodrag Da i : On the 
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Судари емитера и апсорбера са наелектрисаним 
честицама и звездана плазма 

Милан С. Димитријевић 
Астрономска опсерваторија, Волгина 7, 11060 Београд, Србија 
 
E-mail:mdimitrijevic@aob.bg.ac.yu 
 
Сaжетак. Судари емитера и апсорбера са наелектрисаним честицама, 
утичу на профиле спектралних линија звездане плазме, пошто услед 
цепања и померања енергетских нивоа атома у електричном пољу 
(Штарков ефекат) долази до ширења и померања линија у спектрима. 
У раду је анализирана важност Штарковог ширења оваквих линија за 
анализу, интерпретацију и синтезу звезданих спектара, анализу, 
дијагностику и моделирање звездане плазме и значај оваквих 
резултата за истраживања лабораторијске, фузионе и технолошких 
плазми као и за физику ласера. Размотрено је код каквих типова 
звезда и при којим истраживањима је Штарково ширење значајно и 
дискутовани су методи за теоријско одређивање параметара ширења 
спектралних линија. Такође је дат и преглед оваквих истраживања на 
Астрономској опсерваторији у Београду. 
Кључне речи: Штарково ширење, профили линија, звездане 
атмосфере, бели патуљци, радио рекомбинационе линије, 
неутронске звезде, атомски подаци, базе података 
PACS: 32.60.+j, 32.70.Jz, 52.20.Fs, 95.80.+p, 97.20.-w, 97.60.-s 

 

1. УВОД 

Спектрална линија није никада монохроматска. Увек је проширена 
због неколико разлога. Хајзенбергова релација неодређености показује 
да не можемо апсолутно тачно познавати координату и импулс честице. 
Може се показати (види нпр. [1]) да се ова релација може тако 
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трансформисати да повезује ширину енергетског нивоа у атому и време 
живота електрона у таквом енергетском стању, односно што је време 
живота електрона краће то је енергетски ниво шири. Пошто је само у 
основном стању време живота електрона толико дуго да можемо да 
кажемо да његова ширина тежи нули, све спектралне линије имају неку 
ширину због ширине енергетских нивоа прелаза којим су настале. Таква 
ширина се назива природна и не зависи од температуре и густине 
честица (притиска) већ само од унутрашњих особина атома или јона 
који зрачи.  

Осим овог узрока, линије могу бити проширене и услед Доплеровог 
ефекта. Пошто се емитери крећу хаотично, сваки емитовани фотон ће 
имати неки црвени или плави помак у зависности од компоненте брзине 
у правцу посматрача. Када се ови помаци саберу добиће се проширена 
спектрална линија. Профил доплеровски проширене линије је Гаусов, 
пошто је то расподела која описује случајне процесе или догађаје и овај 
механизам ширења зависи од температуре емитера.  

Судари такође доводе до ширења спектралних линија и овакви 
механизми ширења зависе од концентрације честица које пертурбују 
емитујући/апсорбујући атом или јон, односно притиска, па се једним 
именом зову ширење притиском. То су Штарково ширење услед судара 
са наелектрисаним честицама, Ван дер Валсово ширење или ширење 
сударима са неутралним атомима и резонантно ширење (види нпр. [1]). 

Занимљиво је колико података о звездама можемо сазнати анализом 
њиховог спектра. Анализом спектралних линија можемо одредити 
температуру звездане плазме, односно појединих слојева звездане 
атмосфере, њен хемијски састав и површинску гравитацију. Можемо 
боље разумети нуклеарне процесе у њеној унутрашњости, и одредити 
њен спектрални тип и ефективну температуру упоређивањем спектра 
звезде са стандардним спектрима за поједине типове. 

Истраживање Штарковог ширења је развијена научна област у 
Србији и бившој Југославији, која има критичну масу научника, и 
захваљујући и свом мултидисциплинарном значају пружа добру основу 
за успешну сарадњу. Аутор је публиковао преглед истраживања облика 
спектралних линија у Србији и Југославији са библиографијом и 
индексом цитата за период од првог рада објављеног 1962. до краја 
2000. године [2-6]. У том периоду је регистровано 1427 (1222 од 
српских аутора) библиографских јединица које је објавило 179 
југословенских аутора (152 из Србије, 26 из Хрватске и један 
Mакедонац који живи у Француској). Већина ових радова односи се на 
Штарково ширење.  
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У овом раду размотриће се значај Штарковог ширења за 
истраживања астрофизичке плазме и рад у овој научној области на 
Астрономској опсерваторији у Београду у Групи за Астрофизичку 
спектроскопију.  

 
 

2. УСЛОВИ У АСТРОФИЗИЧКОЈ ПЛАЗМИ И ШТАРКОВО 
ШИРЕЊЕ 
 

Хенри Расел је 1926. објавио у Астрофизичком журналу чланак [7] са 
анализом спектра Fe II у коме је пронашао 61 енергетски ниво на основу 
214 спектралних линија јонизованог гвожђа. У њему је написао да су 
сада „све линије од астрофизичког значаја класификоване“. Ипак, 1988. 
је у чланку Јохансона [8], изјављено да сада познајемо 675 енергетских 
нивоа Fe II, али да је 50% појединачних спектралних облика у 
астрофизичким спектрима високе резолуције, још некласификовано.  

То је последица чињенице, да су услови у астрофизичким плазмама 
невероватно разноврсни у поређењу са изворима лабораторијске плазме. 
Сходно томе, ширење спектралних линија услед интеракције између 
емитера/апсорбера и наелектрисаних честица (Штарково ширење) у 
астрофизици је од интереса у плазмама у тако екстремним условима као 
што су они у међузвезданим облацима молекуларног водоника или у 
атмосферама неутронских звезда, какви се не могу добити у 
лабораторијама.  

Типичне електронске температуре у међузвезданим молекуларним 
облацима су око 30 K или мање, а типичне електронске густине су 2-15 
cm-3. У таквим условима, јон може да захвати слободне електроне 
(рекомбинација) у веома удаљену орбиту са главним квантним бројем 
(n) чија је вредност неколико стотина, па и већа од хиљаду и да се 
каскадно деексцитује на енергетске нивое n-1, n-2,... зрачећи у радио 
домену. Такви удаљени електрони су слабо повезани са језгром и на 
њих могу утицати веома слаба електрична микропоља. Сходно томе, 
Штарково ширење може бити значајно (види нпр. [9]).  

У међузвезданим облацима јонизованог водоника, електронске 
температуре су око 10 000 K, а електронске густине реда 104 cm-3 [10]. 
На одговарајуће серије блиских радио рекомбинационих линија које 
потичу са енергетских нивоа са великим вредностима n (неколико 
стотина па и веће од хиљаду) утиче Штарково ширење [10]. 

За Teff > 104 K, водоник, главни конституент звезданих атмосфера је 
углавном јонизован, и међу сударним механизмима ширења 
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спектралних линија, доминантан је Штарков ефекат. То је случај за беле 
патуљке и вреле звезде O, B и A типа. Чак и у атмосферама хладнијих 
звезда, као што је Сунце, Штарково ширење може бити значајно. На 
пример утицај Штарковог ширења у спектралним серијама расте са 
порастом главног квантног броја горњег нивоа [11-13] и за линије са 
већом вредношћу овог квантног броја допринос Штарковог ширења је 
значајан и у Сунчевом спектру [14-16].  

На пример спектралне линије - високи чланови Балмерове серије 
могу се употребити као моћно дијагностичко средство за проучавање 
звезданих атмосфера. У раду Фелдмана и Дошека [17], употребљени су 
профили чланова Балмерове серије са главним квантним бројем n 
између 16 и 32 (на које значајно утиче Штарков ефекат), да би се 
одредила електронска густина и температура изнад активне области на 
Сунцу. Опсег густина (у cm-3) и температура (у K) од значаја за 
радијативне омотаче A и F звезда је 1014 cm-3 ≤ Ne ≤ 1016 cm-3; 104 К ≤ T ≤ 
4х105 К [18].  

Бели патуљци DA и DB типа имају ефективне температуре између 
око 10 000 К и 30 000 K тако да је Штарково ширење од значаја за 
интерпретацију и синтезу њихових спектара и за истраживање, 
моделирање и анализу њихових атмосфера. Спектри патуљака DA типа 
карактеришу се широким водониковим линијама (нпр. [19]), а код DB 
типа у спектру доминирају линије неутралног хелијума. Занимљиво је 
да је у спектрима белих патуљака откривено Земаново ширење, кога 
нема у лабораторијским спектрима [20]. Бели патуљци DO типа имају 
ефективне температуре од приближно 45000 К до око 120 000 К [21] и 
за истраживање плазме њихових атмосфера Штарково ширење може да 
буде веома значајно [22].  

Међу најтоплије звезде спадају оне типа PG1159, врели пре-бели 
патуљци са мањком водоника, чија ефективна температура се налази у 
опсегу од Teff = 100 000 K (нпр. за PG1424+535 и PG1707+427) до Teff = 
140 000 K (за PG1159-035 и PG1520+525), где је свакако Штарково 
ширење изузетно важно [23]. Ове звезде имају велику површинску 
гравитацију (log g = 7), и у њиховим фотосферама доминира хелијум и 
угљеник са знатним додатком кисеоника (C/He = 0.5 и O/He = 0.13) [23]. 
У њиховим спектрима, на које јако утиче Штарково ширење, 
доминирају линије He II, C IV, O VI и N V. 

У атмосферама неутронских звезда, густина материје, електронска 
концентрација и температура су за редове величине већи него у 
атмосферама белих патуљака, и типичне су за унутрашњост звезда. 
Температуре на којима се одвија емисија из фотосфере су реда 106 - 107 
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K, а електронске густине реда 1024 cm-3 [24,25]. У реф. [25], финални 
профил за хелијуму сличну резонантну линију гвожђа је описан помоћу 
Фогтовог профила, са укупним параметром пригушења једнаким суми 
природног и Штарковог (судари са електронима) ширења. 
 
 
3. ПОТРЕБЕ У АСТРОФИЗИЦИ ЗА ВЕЛИКИМ СКУПОМ 
ПОДАТАКА О ШТАРКОВОМ ШИРЕЊУ 
 

Јасно је да звездана спектроскопија зависи од веома великог броја 
прелаза за различите атоме и јоне са подацима о њиховим атомским 
параметрима и Штарковом ширењу што је посебно стимулисано 
развојем космичке астрономије, пошто је помоћу инструмената као што 
је Годаров спектрограф велике резолуције (Goddard High Resolution 
Spectrograph - GHRS) на Хабловом космичком телескопу (Hubble Space 
Telescope), прикупљен велики скуп спектроскопских података високог 
квалитета, који стално расте, стимулишући истраживања спектралних 
линија. То се може лепо илустровати упоређивањем ултра љубичастих 
спектара χ Lupi добијених помоћу уређаја на сателиту IUE (International 
Ultraviolet Explorer) и GHRS (сл. 1). Треба узети у обзир да је на сл. 1 
приказан део спектра широк само 2 ангстрема и упоредити квалитет 
посматраних профила спектралних линија. 

 

 
СЛИКА 1. УВ спектар звезде χ Lupi добијен помоћу GHRS и помоћу IUE сателита 

[26]. Резолуција GHRS спектра је 0.0023 nm а максимални однос сигнал/шум је 95 [27]. На 
GHRS спектру пуном линијом је означен посматран а тачкастом синтетизовани. 
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Развој компјутера такође стимулише потребу за великом количином 
атомских и спектроскопских података. Нарочито велики број података 
је потребан на пример за прорачун непрозрачности звезданих 
атмосфера. Илустративан пример може бити чланак о прорачуну 
непрозрачности за класичан модел цефеида [28], где је у обзир било 
узето 11 996 532 спектралних линија. Други добар пример колико је 
велики скуп атомских и спектроскопских података неопходан, је 
моделирање звезданих атмосфера. На пример компјутерски програм 
PHOENIX (види [29] и референце у чланку) за моделирање звезданих 
атмосфера, укључује базу података која садржи податке о 4.2x107 

атомских, јонских и молекуларних прелаза. 
Занимљива истраживања, која показују могућности које се отварају 

са развојем компјутерских технологија, и указују потребу за што је 
могуће већим скупом спектроскопских и атомских података, су 
прорачуни промена еквивалентних ширина са временом у звезданим 
јатима и галаксијама, „породилиштима“ (starburst) звезда [30]. У овим 
истраживањима, рачуната је промена еквивалентних ширина појединих 
водоникових и хелијумових линија у току 500 милиона година, и 
поређена са посматрањима звезданих јата и галаксија „породилишта“ 
звезда. Прорачуни су изведени у два корака. Прво су израчунате 
популације звезда различитих спектралних типова у функцији времена, 
а онда су профили спектралних линија синтетизовани додајући 
различите доприносе појединих спектралних типова звезда. Приликом 
синтезе профила спектралних линија, узети су у обзир природно, 
термално Доплерово, Штарково, и ширење линија услед судара са 
неутралним атомима. 

За прорачун преноса зрачења кроз звездану плазму, нарочито у 
субфотосферским слојевима, као и за одређивање хемијске обилности 
елемената помоћу апсорпционих линија, потребан је што је могуће 
потпунији скуп података за што је могуће већи број спектралних линија 
различитих емитера односно апсорбера, пошто ми не знамо унапред 
хемијски састав проучаване звезде. 

 
 

4. ИСТРАЖИВАЊА ЗВЕЗДАНЕ ПЛАЗМЕ 
 

Профили спектралних линија улазе у моделирање слојева звездане 
атмосфере у оквиру процене величина као што су коефицијент 
апсорпције κν, Ροселандова оптичка дубина τRoss и укупни пресек за 
непрозрачност по атому σν. Узмимо да је правац деловања гравитације у 
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звезданој атмосфери z-оса. Ако је атмосфера у макроскопској 
механичкој равнотежи, а са  ρ означимо густину гаса, оптичка дубина је  
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κν је коефицијент апсорпције на фреквенцији ν, N(A,i) је запреминска 
густина емитера у стању i, fij је јачина осцилатора у апсорпцији, m је 
маса електрона и νφ  профил спектралне линије. 

  
Пресек укупне непрозрачности по атому је  
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где је M средња маса атома, а непрозрачност по јединици дужине је 
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Сада је Роселандов средњи пресек непрозрачности 
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Параметри Штарковог ширења су такође потребни за одређивање 
хемијског састава звезданих атмосфера, односно за одређивање звездане 
обилности хемијских елемената. Метод који користи синтетичке и 
посматране спектре и подешавање параметара модела атмосфере да би 
се добило најбоље слагање, добро је развијен и примењиван на много 
звезда. Нађено је да постоје хемијски нерегуларне звезде, посебно у 
интервалу спектралних класа F0-B2 [31], код којих се обилности 
појединих елемената разликују за неколико редова величине од 
Сунчевих. Такође је пронађено да је површина СP звезда хемијски 
нехомогена, тако да је уведен локални хемијски састав, који зависи од 
координата на звезданој површини [31,32]. Такве неправилности се 
углавном објашњавају дифузионим механизмом, који делује у 
звезданим омотачима и (или) атмосферама, као и разликама у 
радијативном убрзању појединих елемената [33]. Радијативно убрзање 
gr на ν, у интервалу фреквенција dν, које делује на елемент A (чија је 
густина N(A), а маса mA је [34] 
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где је κν(A) допринос A монохроматском коефицијенту апсорпције, а Φν 
флукс зрачења. У непрозрачном омотачу радијуса r, флукс зрачења је 
приближно једнак [34] 
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где су са κrest означени остали доприноси укупном коефицијенту 
апсорпције, поред κν(A). Већина CP звезда су A и B спектралног типа, 
код којих је Штарково ширење главно од механизама ширења 
притиском.  
 

5. НЕУТРОНСКЕ ЗВЕЗДЕ 

Са побољшаном осетљивошћу рендгенских уређаја у космосу, расте 
интерес за спектралне линије код атмосфера неутронских звезда. Пошто 
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је карактеристична густина у атмосфери директно сразмерна 
гравитационом убрзању на звезданој површини, мерењем ширења 
притиском апсорпционих линија директно се мери M/R2, где су M и R 
маса и радијус звезде. Када се то повеже са мерењем гравитационог 
црвеног помака (пропорционалног са M/R), за исту или било коју другу 
линију или скуп линија, могу се одредити маса и радијус. Оваква 
мерења масе и радијуса не укључују удаљеност неутронске звезде, која 
је често недовољно прецизно позната, као ни величину емитујуће 
области [34]. 

Да бисмо добили грубу процену ширине спектралне линије за 
атмосферу неутронске звезде, можемо да проценимо ширину услед 
деловања најближег суседа (на растојању rnn). Енергетска ширина 
линије Lyα коју изазива пертурбер са наелектрисањем z је [34] 
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Овде је Npert густина пертурбера, а Z наелектрисање језгра јона. 

Ако изаберемо јединицу дубине Томсоновог расејања као 
одговарајућу референтну тачку, и интегришемо једначину 
хидростатичке равнотеже за изотермалну атмосферу температуре T, 
добија се да је карактеристична електронска густина за атмосферу 
неутронске звезде [34]. 
 

 24 1 2 -3
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Овде је µ средња маса по честици у јединицама масе протона mp, g је 
гравитационо убрзање, σT Томсонов пресек, k Болцманова константа, 
M1.4 маса звезде у јединицама 1.4 масе Сунца, R6 радијус у јединицама 
106 сm, и T6 температура атмосфере у јединицама 106 K.  

У квазистатичкој апроксимацији [34], претпостављајући да су 
електронско и јонско ширење упоредиви, Штаркова ширина спектралне 
линије за плазму у којој доминира водоник (z=1, Npert = Ne, µ =1/2) је [34] 
 
 1 2/3 4 /3 2 /3

1.4 6 6 [eV] = 163 ( ) ( ) ( )  eV.StarkW Z M R T− − −  

 
Перелс [34] је за Lyα линију водонику сличног кисеоника нашао 

типичну Штаркову ширину од 20 eV, а од 60 eV за Lyβ. 
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6. ПРИМЕНА СЕМИКЛАСИЧНОГ МЕТОДА ЗА ИСТРАЖИВАЊЕ 
ШТАРКОВОГ ШИРЕЊА СПЕКТРАЛНИХ ЛИНИЈА У СРБИЈИ И 
АСТРОФИЗИЧКИ ЗНАЧАЈ ДОБИЈЕНИХ РЕЗУЛТАТА 
 

Упркос чињеници да је најбољи теоријски метод за одређивање 
штарковски проширених профила спектралних линија квантно – 
механички метод јаке спреге, услед његове комплексности и 
нумеричких тешкоћа, постоји само мањи број оваквих прорачуна  (види 
на пример референце у [36] као и [37-41]). Као пример доприноса 
чланова Групе за астрономску спектроскопију на Астрономској 
опсерваторији у Београду, можемо навести прво одређивање параметара 
Штарковог ширења у оквиру квантно-механичке теорије јаке спреге за 
један неводонични неутрални емитер (спектрална линија Li I 2s 2S - 2p 
2Po [42]). 

У многим случајевима, као што су на пример комплексни спектри 
тешких атома или прелази између високопобуђених нивоа, квантно-
механички метод је веома тешко, а често и практично немогуће 
употребити, те у таквим случајевима семикласични метод остаје 
најефикаснији метод за одређивање параметара Штарковог ширења.  

Постојећи прорачуни већег обима изведени су коришћењем три 
различита компјутерска програма које су у основи разрадили (i) Џонс, 
Бенет и Грим (Jones, Benett и Griem [43-45]), (ii) Саал-Брешо (Sahal-
Bréchot [46,47]) и (iii) Басало, Катани и Валдер (Bassalo, Cattani и Walder 
[48]). 

Да би обезбедили што већи број података о Штарковом ширењу, 
потребних за истраживања астрофизичке и лабораторијске плазме, 
прорачун звезданих непрозрачности и моделирање атмосфера ових 
објеката, чинимо непрекидан напор да одредимо параметре Штарковог 
ширења за велики број линија у спектрима атома и јона. У низу радова, 
користећи семикласични пертурбациони формализам [46,47] који је био 
иновиран, осавремењен и оптимизован више пута (види нпр. [36,49-51]), 
одредили смо параметре Штарковог ширења за прелазе за које постоји 
довољно комплетан скуп поузданих атомских података, тако да се 
очекује добра тачност резултата (види на пример референце у [36] као и 
[52]).  

До сада су публиковани резултати за 79 He, 62 Na, 51 K, 61 Li, 25 Al, 
24 Rb, 3 Pd, 19 Be, 270 Mg, 31 Se, 33 Sr, 14 Ba, 189 Ca, 32 Zn, 6 Au, 48 
Ag, 18 Ga, 70 Cd I, 9 Cr I, 4 Te I, 25 Ne I, 28 Ca II, 30 Be II, 29 Li II, 66 Mg 
II, 64 Ba II, 19 Si II, 3 Fe II, 2 Ni II, 22 Ne II, 5 F II, 1 Cd II, 1 Kr II, 2 Ar II, 
7 Cr II, 12 B III, 23 Al III, 10 Sc III, 27 Be III, 5 Ne III, 32 Y III, 20 In III, 2 
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Tl III, 5 F III, 2 Ne IV, 10 Ti IV, 39 Si IV, 90 C IV, 5 O IV, 114 P IV, 2 Pb 
IV, 19 O V, 30 N V, 25 C V, 51 P V, 34 S V, 16 Si V, 26 V V, 26 Ne V, 30 
O VI, 21 S VI, 2 F VI, 15 Si VI, 14 O VII, 10 F VII, 10 Cl VII, 20 Ne VIII, 4 
K VIII, 9 Ar VIII, 6 Kr VIII, 4 Ca IX, 30 K IX, 8 Na IX, 57 Na X, 48 Ca X, 4 
Sc X, 7 Al XI, 4 Si XI, 18 Mg XI, 4 Ti XI, 10 Sc XI, 9 Si XII, 27 Ti XII, 61 
Si XIII и 33 V XIII појединачних спектралних линија и мултиплета. 

Добијени семикласични резултати су упоређени са критички 
изабраним експерименталним подацима за 13 мултиплета He I [53]. 
Разлике између семикласичних резултата и експерименталних 
вредности су унутар граница од ± 20%, што су и предвиђене границе 
тачности семикласичног метода [45]). 

 
 

7. ПРИМЕНА ПАРАМЕТАРА ШТАРКОВОГ ШИРЕЊА 
ОДРЕЂЕНИХ СЕМИКЛАСИЧНИМ ПЕРТУРБАЦИОНИМ 
МЕТОДОМ ЗА ИСТРАЖИВАЊЕ УТИЦАЈА ОВОГ МЕХАНИЗМА 
ШИРЕЊА У ЗВЕЗДАНИМ АТМОСФЕРАМА 
 

У низу радова истраживан је утицај Штарковог ширења на Au II [54], 
Co III [55], Ge I [56], Ga I [57], Cd I [58] и Te I [59] спектралне линије у 
спектрима атмосфера хемијски нерегуларних звезда A типа и за сваки 
испитивани спектар нађени су атмосферски слојеви, где је допринос 
овог механизма доминантан или се не може занемарити. Као модел 
хемијски нерегуларне звездане атмосфере А типа, у поменутим 
радовима је коришћен модел са условима у плазми блиским HgMn 
звезди A типа χ Lupi. Таква истраживања су изведена и за атмосфере 
белих патуљака DA, DB и DО типа [54, 55, 60], и установљено је да је за 
такве звездане атмосфере Штарково ширење доминантно у односу на 
Доплерово, у практично свим релевантним атмосферским слојевима. 

Као пример утицаја Штарковог ширења у атмосферама врелих звезда 
на Сл. 2 је Штаркова ширина Te I 6s 5So - 6p 5P (9903.9 Å) мултиплета, 
упоређена са Доплеровом за модел  (Teff = 10000 K, log g = 4.5) 
атмосфере звезде спектралног типа А [61]. Наиме у атмосферама врелих 
звезда, Доплерово ширење је важан конкурентни механизам ширења 
спектралних линија, и упоређивањем Штаркове и Доплерове ширине 
може се закључити о значају ових механизама ширења. Треба имати у 
виду да се профил Доплеровски проширене линије описује Гаусовом 
расподелом а Штарковски проширене Лоренцовом. Због особина ове 
две расподеле, чак и када је Штаркова ширина линије мања од 
Доплерове, овај механизам може да утиче на крила линије. Резултати 
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Симића и др. [59], представљени су на Сл. 2 у функцији Роселандове 
оптичке дубине – log τ. Може се видети да је механизам Штарковог 
ширења апсолутно доминантан у поређењу са термалним Доплеровим, у 
дубљим слојевима звездане атмосфере. 

Утицај Штарковог ширења на линије Cu III, Zn III и Se III у 
спектрима атмосферама DB белих патуљака, истраживали су Симић и 
др. [58] за Cu III 4s 2F - 4p 2Go (λ=1774.4 Å), Zn III 4s 3D - 4p 3Po 
(λ=1667.9 Å) и Se III 4p5s 3Po - 5p 3D (λ=3815.5 Å), користећи модел 
атмосфере са Teff = 15000 K и log g = 7 [62]. За разматрани модел 
атмосфере DB белих патуљака мрежа тачка за оптичку дубину дата је у 
реф. [62] за стандардну таласну дужину λs=5150 Å (τ5150) па је оптичка 
дубина тако претстављена и код Симића и др. [58]. 
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СЛИКА 2. Термална Доплерова и Штаркова ширина за Te I 6s 5So - 6p 5P (9903.9 Å) 

мултиплет у функцији оптичке дубине за звезду спектралног типа А. (Teff = 10000 K, log g = 
4.5). 

Као што се може видети на Сл. 3, за услове у плазми атмосфере DB 
белих патуљака термално Доплерово ширење има много мањи значај у 
поређењу са Штарковим ширењем. На пример Штаркова ширина за 
разматрану Se III 3815.5 Å линију је већа од Доплерове и до два реда 
величине у оквиру посматраног опсега оптичких дубина. Много веће 
Штаркове ширине у атмосферама DB белих патуљака, у поређењу са 
звездама спектралног типа А, су последица већих електронских густина 
услед много веће површинске гравитације и ефективне температуре, 
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СЛИКА 3. Термална Доплерова и Штаркова ширина за спектралне линије Cu III 4s 2F - 4p 
2Go (λ=1774.4 Å), Zn III 4s 3D - 4p 3Po (λ=1667.9 Å) и Se III 4p5s 3Po - 5p 3D (λ=3815.5 Å), за модел 
атмосфере DB белог патуљка са Teff = 15 000 K и log g = 7, у функцији оптичке дубине τ5150. 
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СЛИКА 4. Штаркова и Доплерова ширина за спектралну линију Si VI 2p4(3P)3s 2P-2p4(3P)3p 

2D◦ (λ = 1226, 7Å) у функцији Роселандове оптичке дубине. Штаркове ширине су дате за шест 
модела DО белих патуљака са ефективним температурама Teff = 50 000–100 000 K и log g = 8. 
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СЛИКА 5. Штаркова и Доплерова ширина за спектралну линију Si VI 2p4(3P)3s 2P-2p4(3P)3p 

2D◦ (λ = 1226, 7Å) у функцији Роселандове оптичке дубине. Штаркове ширине су дате за четири 
модела DО белих патуљака са log g = 6–9 и Teff = 80 000 K. 

  
тако да је механизам ширења спектралних линија услед судара са 
електронима (Штарков) много ефективнији.  

Хамди и др. [22] истраживали су утицај Штарковог ширења на Si VI 
линије у спектру DO белих патуљака за 50000 K ≤ Teff ≤ 100000 K и 6 ≤ 
log g ≤ 9. Установљено је да утицај расте са порастом log g и 
доминантан је у великим областима разматраних атмосфера, чији су 
модели узети из рада Весемела (Wesemael) [63].  

На Сл. 4 и 5 представљене су Штаркова (FWHM) и Доплерова 
ширина за спектралну линију Si VI 2p4(3P)3s 2P-2p4(3P)3p 2D◦ (λ = 1226, 
7Å) у функцији Роселандове оптичке дубине. Штаркове ширине су дате 
за шест модела DО белих патуљака са ефективним температурама Teff = 
50 000–100 000 K и log g = 8 и четири модела са log g = 6–9 и Teff = 80 
000 K. За моделе звезданих атмосфера са већим вредностима 
површинске гравитације (log g = 8–9), Штарково ширење је знатно веће 
од Доплеровог. За звездане атмосфере са површинском гравитацијом log 
g = 7, Штаркове ширине су упоредиве са Доплеровим само за дубље, 
врелије слојеве. За моделе атмосфера са log g = 6, Доплерово ширење је 
доминантно за све анализиране слојеве атмосфере. 
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8. УТИЦАЈ ШТАРКОВОГ ШИРЕЊА И СТРАТИФИКАЦИЈЕ НА 
ЛИНИЈЕ Si I КОД roAp ЗВЕЗДЕ 10 Aql 

Као пример примене података о Штарковом ширењу у астрофизици 
може да послужи реф. [64] где је проучен утицај хемијске раслојености 
односно стратификације и Штарковог ширења на спектралне линије Si I, 
код брзо осцилујуће roAp звезде 10 Aql, где су линије Si I 6142.48 Å и 
6155.13 Å асиметричне и померене. Аутори су прво израчунали 
параметре Штарковог ширења, користећи семикласични пертурбациони 
метод, за три спектралне линије неутралног силицијума: 5950.2 Å, 
6142.48 Å и 6155.13 Å. Изменили су програм за рачунање синтетичког 
спектра тако да се узимају у обзир и Штаркове ширине и помаци за 
анализиране линије. На основу упорећивања теоријских прорачуна са 
посматрањима, нашли су да ефекти Штарковог ширења + хемијског 
раслојавања (стратификације) могу да објасне асиметрију Si I 6142.48 Å 
и 6155.13 Å линија. 

За анализу, искористили су посматрања нормалне звезде HD32115, и 
две Ap звезде HD122970 и 10 Aql, као и Solar Flux Atlas [65]. CCD 
спектри високе резолуције 10 Aql и HD122970 су описани у раду 
Рјабчикова и др. [66]. CCD спектри високе резолуције (R приближно 
45000) звезде HD32115 у опсегу таласних дужина 4000 -9500 Å 
добијени су помоћу coude-echell спектрометра монтираног на 
двометарски Цајсов телескоп на опсерваторији на врху Терскол у 
Русији (види Бикмаев и др. [67] за више детаља). 

Велики број Ap звезда показује нерегуларне профиле линија Si I, али 
већина има јака магнетна поља која деформишу профиле линија преко 
Земановог цепања. Прилично слаба магнетна поља код Ap звезда 
HD122970 и 10 Aql, омогућују да се утицај магнетног поља на облик 
линије занемари. 

Прорачун модела атмосфере, као и израчунавање коефицијента 
апсорпције, изведени су у апроксимацији локалне термодинамичке 
равнотеже (ЛТЕ). Рачунање модела атмосфере извршено је уз помоћ 
компјутерског програма ATLAS9 који је написао Р. Л. Куруц [68]. 

Следећи корак био је рачунање флукса ка посматрачу, у функцији (за 
одговарајућу мрежу тачака) таласне дужине, користећи дати модел. За 
то је узет компјутерски програм STARSP, који је написао В. В. Цимбал 
[69], и то измењена верзија, која израчунава синтетички спектар за 
атмосферу са вертикалним раслојавањем (стратификацијом) хемијских 
елемената. 
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СЛИКА 6. Упоређивање профила спектралне линије 6155 Å неутралног силицијума, 

посматране у спектру Ap звезде 10 Aql (дебела линија) и синтетичког спектра израчунатог са 
Штарковом ширином и помаком из табеле 1 у реф. [54] и раслојавањем (стратификацијом) 
обилности силицијума (танка линија), са истим Штарковим параметрима али за хомогену 

расподелу силицијума (цртице), као и са Штарковом ширином узетом помоћу апроксимативне 
формуле за исто раслојавање силицијума (тачкаста линија). 

 
Прво су израчунали спектралне линије неутралног силицијума у 

спектру Сунца, да би проверили параметре Штарковог ширења и са 
поправљеним Штарковим параметрима синтетисали су профиле линија 
у спектрима звезда HD32115, HD122970 и 10 Aql. 

Звезда 10 Aql= HD176232 је најврелија у њиховом узорку. Има 
углавном асиметрични профил линије Si I 6155.13 Å, што се не може 
репродуковати ниједном комбинацијом параметара Штарковог ширења 
у хомогеној атмосфери. Чак и слабија, Si I 6142.48 Å линија, има 
значајан помак. Рјабчикова и др. [66] поменули су могућност 
раслојавања (стратификације) гвожђа и ретких земља у атмосфери 10 
Aql. Они су покушали да нађу емпиријски, једноставну расподелу 
силицијума у 10 Aql, која би фитовала како Si I 6142.48 Å тако и 6155.13 
Å линију. Добијена расподела даје разумно слагање посматраног и 
синтетисаног профила за обе силицијумове линије (Сл. 6). Штавише, 
чини се да иста расподела силицијума много боље фитује профиле јаких 
Si II 6347, 6371 Å спектралних линија, у поређењу са прорачунима са 
хомогеном Si обилношћу (-4.19), које су извели Рјабчикова и др. [66]. У 
својој анализи, аутори подвлаче, да са употребљеним параметрима 
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Штарковог ширења, осетљивост асиметрије  6155.13 Å линије на 
промене обилности Si у звезданој атмосфери, може бити успешно 
употребљена за емпиријска истраживања раслојавања обилности у 
атмосферама хладних Ap звезда. 
 
 
9. ШТАРКОВО ШИРЕЊЕ ЛИНИЈА ЈОНИЗОВАНОГ ХРОМА У 
СПЕКТРУ Ap ЗВЕЗДЕ HD 133792 
 

Димитријевић и др. [70] су истраживали Cr II линије у спектру Ар 
звезде HD 133792, за које постоји пажљиво изведена анализа обилности 
и стратификације [71]. Звезда HD133792 има ефективну температуру Teff 

= 9400 K, површинску гравитацију  log g = 3.7, и средњу обилност 
хрома +2.6 dex у односу на обилност овог елемента код Сунца [71]. Сви 
прорачуни су изведени са побољшаном верзијом SYNTH3 
компјутерског програма SYNTH за прорачун синтетичког спектра. 
Штаркови параметри пригушења су унети у компјутерски програм. 
Употребљена је раслојена (стратификована) расподела хрома у 
атмосфери HD133972, изведена у реф. [71]. На Сл. 7 је посматрани 
профил линије Cr II 3403.30 Å, упоређен са синтетичким са 
параметрима Штарковог ширења из рада Димитријевић и др. [70] и 
Куруцовим [72]. Добро слагање посматрања и прорачуна за неколко 
слабих Cr II линија, потврђује употребљену расподелу раслојавања 
хрома, док слагање за све четири јаке Cr II линије, демонстрира добру 
тачност добијених теоријских параметара Штарковог ширења у реф. 
[70]. 

То отвара нову могућност, да се теоријски и експериментални 
резултати о Штарковом ширењу додатно провере помоћу звезданих 
спектара, чему нарочито могу да допринесу развој спектроскопије 
помоћу уређаја у космосу, изградња џиновских телескопа нове 
генерације и пораст тачности и поузданости компјутерских програма за 
моделирање звезданих атмосфера. Линије Cr II анализиране у реф. [70] 
су нарочито погодне за такву сврху, пошто имају добра и чиста крила, 
где је утицај Штарковог ширења најважнији. 
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СЛИКА 7. Поређњење посматраног (тачке) профила линије Cr II 3403.30 Å, и синтетисаног са 
параметрима Штарковог ширења из рада Димитријевић и др. [70] (пуна линија) и Куруцовим 

[72] (испрекидана линија). 
 

 
СЛИКА 8. Исто као на Сл. 7, само за линије Cr II 3421.20, 3422.73 Å. 
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10. МОДИФИКОВАНИ СЕМИЕМПИРИЈСКИ МЕТОД ЗА 
ШТАРКОВО ШИРЕЊЕ И АСТРОФИЗИЧКЕ ПРИМЕНЕ 
 

Модификована семиемпиријска теорија (MСE) [73,74] за прорачун 
параметара Штарковог ширења изолованих спектралних линија 
неводоничних јона, успешно је примењена много пута за различите 
проблеме у астрофизици и физици. Према МСЕ прилазу [73-79], пуна 
ширина изоловане јонске линје на половини максималног интензитета 
(FHWM) услед судара са електронима је 
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где је почетни енергетски ниво означен са i, крајњи са f, а сума квадрата 
матричних елемената ℜ  за разлику главних квантних бројева ∆n ≠ 0, je 
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у Кулоновој апроксимацији. При томе је 
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где је E=3kT/2 кинетичка енергија електрона, а 
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а за ∆n ≠ 0 енергетска разлика између нивоа са nk и nk+1 је процењена 
као  
 

 
2

, 1 *3

2
k k

H
n n

k

Z E
E

n+∆ ≈  

 
при чему је 
 

 
1/22

* H
k

ion k

E Z
n

E E

 
=  − 

 

 
ефективни главни квантни број, Z резидуално наелектрисање јона, 
односно наелектрисање остатка које „види“ оптички електрон, то јест 
електрон који врши прелаз (Z=1 за неутралне атоме, 2 за једноструко 
наелектрисане јоне ...) и Eion одговарајућа граница спектралне серије. N 
и T су електронска густина и температура, док су са g(x) [80], ( )g x%  [73] 

и gsh(x) [80], ( )shg x%  [74] означени одговарајући Гаунт фактори за 

ширину и помак. Фактор 
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где су Ek и Ek' енергије разматраног нивоа и нивоа који га пертурбује. 
Сума по δk  
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је различита од нуле само за оне пертурбујуће нивое, ако постоје, за које 
су јако нарушене претпостављене апроксимације. 

У поређењу са потпуним семикласичним [45-47], и Гримовим 
семиемпиријским прилазом [80], за који треба практично исти сет 
атомских података као и за најсофистициранији семикласични, за 
модификовани семиемпиријски метод [73-79] потребно је знатно мање 
таквих података. У ствари, ако нема нивоа за које су претпостављене 
апроксимације јако нарушене, за прорачун Штаркове ширине, потребни 
су само енергетски нивои са ∆n = 0, пошто је допринос свих нивоа са ∆n 
≠ 0, који су потребни за потпуни семикласични прорачун и Гримову 
семиемпиријску формулу, приближно збирно процењен.  

Услед потребе за знатно мањим бројем атомских података у 
поређењу са потпуним семикласичним пертурбационим [45-47], и 
Гримовим семиемпиријским прилазом [80], МСЕ метод је посебно 
користан за звездану спектроскопију, за коју су потребни атомски 
подаци и подаци о параметрима ширења за веома обимну листу 
елемената и спектралних линија, при чему није могуће у свим 
случајевима од интереса применити софистициране теоријске методе. 

МСЕ метод је такође веома користан када су потребни подаци за 
веома велики број спектралних линија, а није неопходна велика тачност 
за сваку појединачну линију, као што су то на пример прорачуни 
преноса зрачења или моделирање плазме. Осим тога, у случају 
комплекснијих атома или вишеструко наелектрисаних јона, услед 
недостатка тачних атомских података потребних за прецизније 
прорачуне,  поузданост семикласичних резултата опада. У таквим 
случајевима, МСЕ метод може такође бити интересантан.  
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11. УПРОШЋЕНА МСЕ ФОРМУЛА 
 

За астрофизичке потребе, од посебног интереса може бити 
упрошћена МСЕ формула [76] за Штарково ширење изолованих линија, 
једноструко и вишеструко наелектрисаних неводоничних јона, 
примењљива у случају када је ниво најближи горњем и доњем нивоу 
прелаза, на који је могућ диполно дозвољени прелаз са почетног (i) или 
крајњег (f) енергетског нивоа разматране линије, тако далеко да је услов 
 

 ' '/ 2jj j jx E E E= − ≤  

 
задовољен. У таквом случају, пуна ширина на половини максималног 
интензитета дата је изразом [76]: 
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Овде, 3 / 2E kT=  је енергија пертурбујућег електрона, Z-1 је 
наелектрисање јона, а n* ефективни главни квантни број. Ова формула 
је од интереса за одређивања обилности, као и за истраживања 
звезданих атмосфера. Пошто су услови важења често задовољени у 
условима звездане плазме.  

Слично у случају помака 
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Ако сви нивои који улазе у горњу суму постоје, може се извести 

додатно сумирање и добија се 
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где је ε = +1 за j = i  и -1 за j = f.  
Модификовани семиемпиријски метод тестиран је више пута на 

бројним примерима [36]. Да би се проверио овај метод, 
експериментални подаци за 36 мултиплета (7 различитих врста јона) 
троструко наелектрисаних јона упоређени су са теоријским ширинама 
линије и добијени следећи усредњени односи мерених и теоријских 
вредности [73]: за двоструко наелектрисане јоне 1.06 ± 0.32 а за 
троструко наелектрисане 0.91 ± 0.42. Претпостављена тачност МСЕ 
формуле је око ±50%, али је показано [78,81,82] да чак и у случају 
емитера са веома комплексним спектрима (нпр. Xe II и Kr II), МСЕ 
метод даје веома добро слагање са експериментом (у интервалу ±30%). 
На пример за Xe II, 6s-6p прелазе, средњи однос између 
експерименталних и теоријских ширина линије је 1.15 ± 0.5 [81].  

Израчунате су Штаркове ширине, а у неким случајевима и помаци, за 
спектралне линије следећих елемената: Ar II, Fe II, Pt II, Bi II, Zn II, Cd 
II, As II, Br II, Sb II, I II, Xe II, Mn II, La II, Au II, Eu II, V II, Ti II, Kr II, 
Na II, Y II, Zr II, Sc II, Nd II, Be III, B III, S III, C III, N III, O III, F III, Ne 
III, Na III, Al III, Si III, P III, S III, Cl III, Ar III, Mn III, Ga III, Ge III, As 
III, Se III, Zn III, Mg III, La III, V III, Ti III, Bi III, Sr III, Cu III, Co III, Cd 
III, B IV, Cu IV, Ge IV, C IV, N IV, O IV, Ne IV, Mg IV, Si IV, P IV, S IV, 
Cl IV, Ar IV, V IV, Ge IV, C V, O V, F V, Ne V, Al V, Si V, N VI, F VI, Ne 
VI, Si VI, P VI, и Cl VI. 

 

12. ПРИМЕНА НА ИСТРАЖИВАЊЕ „ЦИРКОНИЈУМСКОГ  
КОНФЛИКТА“ У  ΑТМОСФЕРИ ЗВЕЗДЕ χ LUPI 

Пример примене МСЕ формуле је разматрање „цирконијумског 
конфликта“ у атмосфери звезде χ Lupi [83]. Да би анализирали овај 
проблем, напоменимо да истраживања обилности за звезде раних 
типова показују да око 10% - 20% звезда A и B спектралног типа имају 
аномалије обилности, укључујући аномалије у изотопном саставу [83]. 
Аномалије обилности у овим звездама, које се зову CP звезде, 
проузроковане су различитим хидродинамичким процесима у 
спољашњим звезданим слојевима (који су потпомогнути и олакшани 
магнетним пољима, слабим звезданим ветровима, турбуленцијом, 
мешањем услед ротације итд.). Да би се истражили ови процеси, 
потребни су атомски подаци за много линија бројних емитера/апсорбера.  

Линије цирконијума на пример, присутне су у спектрима HgMn 
звезда [26,84-86]. Занимљиво је да су обилности цирконијума одређене 
из слабих оптичких Zr II и јаких Zr III линија (које су откривене у UV) 
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потпуно различите (види [26,86]) код HgMn звезде χ Lupi. Ово је 
илустровано на Сл. 9, на којој је приказан UV спектар ове звезде у 
опсегу таласних дужина 1938.3 - 1938.7 Å. Пуном линијом је означен 
спектар добијен помоћу GHRS. Тачкастом линијом је показана 
синтетисана Zr II 4d5s5p 2Dо

3/2 - 4d25s a2D3/2 λ=1938.5 Å линија, добијена 
за обилност цирконијума log [NZr/NH] =-8.12. Ова вредност обилности је 
добијена помоћу Zr III спектралних линија. Испрекиданом линијом је 
означен синтетизовани спектар за обилност цирконијума log [NZr/NH] =-
9.1, а са већим тачкама за log [NZr/NH] =-9.0 [26]. То је такозвани 
„цирконијумски конфликт“ и Сикстрем и др. (Sikström) [86] су 
претпоставили да  је ова разлика  вероватно  последица  неадекватног  
 

 
СЛИКА 9. UV спектар звезде χ Lupi у 1938.3 Å – 1938.7 Å опсегу таласних дужина. Пуном 

линијом је означен спектар добијен помоћу GHRS. Тачкастом линијом је показана синтетисана 
Zr II 4d5s5p 2Dо

3/2 - 4d25s a2D3/2 λ=1938.5 Å линија, добијена за обилност цирконијума log 
[NZr/NH]=-8.12. Ова вредност обилности је добијена помоћу Zr III спектралних линија. 
Испрекиданом линијом је означен синтетизовани спектар за обилност цирконијума log 

[NZr/NH]=-9.1, а са већим тачкама за log [NZr/NH]=-9.0[26]. 

 
коришћења модела звезданих атмосфера, на пример ако није узет у 
обзир утицај не-ЛТЕ ефеката или дифузије.  

Цирконијум, који у HgMn звездама често има много већу обилност 
него код Сунца (види [85]), је члан Sr-Y-Zr тријаде, која је веома битна 
за проучавање s-процеса нуклеосинтезе и указано је да представља не-
нуклеарни образац обилности у HgMn звездама. Најочигледније 
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објашњење ове аномалије је помоћу теорије дифузије, или 
укључивањем не-ЛТЕ ефеката. Ипак, од значаја је такође истраживање 
доприноса цирконијумском конфликту разлике параметара Штарковог 
ширења Zr II и Zr III спектралних линија.  

Поповић и др. [83] су, користећи модификовану семиемпиријску 
формулу, одредили параметре Штарковог ширења услед судара са 
електронима за две астрофизички значајне Zr II и 34 Zr III спектралне 
линије, да би тестирали утицај овог механизма ширења линија на 
одређивање еквивалентних ширина и да би дискутовали његов могући 
утицај на одређивање обилности цирконијума. 
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СЛИКА 10. Промена профила линије Zr III 4d2 3P1 - 4d5p 3Po
0 λ=1937.25 Å услед промене 

обилности цирконијума log [NZr/NH] за моделе звезданих атмосфера са Teff=10500 K, log g=4.0 и 
турбулентном брзином Vt=0.0 km s-1 (a). На Сл. (b) је представљена еквивалентна ширина у 

функцији обилности цирконијума.  

 
Атомски енергетски нивои потребни за рачунање узети су из реф. 

[87,88]. Добијени резултати су употребљени да би се видело да ли 
ширење услед судара са електронима може да допринесе настанку 
такозваног „цирконијумског конфликта“ код HgMn звезде χ Lupi.  

Да би се тестирао значај ефекта ширења спектралних линија услед 
судара са електронима за одређивање обилности цирконијума, Поповић 
и др. [83] су синтетисали профиле линија Zr II, λ=1938. Å и Zr III, 
λ=1940. Å, користећи компјутерски програм SYNTH [89] и Куруцов 
програм ATLAS9 за модел звездане атмосфере [72] са Teff= 10500 K, log g 
= 4.0 и турбулентном брзином Vt=0.0 km s-1, то јест за модел звездане 
атмосфере са карактеристикама сличним случају χ Lupi (Teff=10650 K и 
log g=3.8, види Лекроне и др. (Leckrone) [90]). 
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Ове линије су изабране, зато што су биле уобичајено коришћене за 
одређивања обилности, пошто имају мали помак таласне дужине и 
добро су раздвојене [90]. Промена профила линије Zr III 4d2 3P1 - 4d5p 
3Po

0 λ=1937.25 Å услед промене обилности цирконијума, представљена 
је на Сл. 10а, док је на Сл. 10б приказана еквивалентна ширина у 
функцији обилности цирконијума 

Поповић и др. [83] су израчунали еквивалентне ширине са и без 
утицаја ширења сударима са електронима за различите обилности 
цирконијума. Добијени резултати за ZrIII [194.0 nm] и ZrII [193.8 nm] 
линије показују да је ефекат ширења електронима значајнији за веће 
обилности цирконијума. Еквивалентна ширина расте са обилношћу за 
обе линије, али еквивалентна ширина за ZrIII [194.0 nm] линију је 
осетљивија него за ZrII [193.8 nm]. То може довести до грешке у 
одређивању обилности у случају када ефекат ширења сударима са  
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СЛИКА 11. Понашање Штаркових и Доплерових ширина (FWHM) са температуром, за моделе 
звезданих атмосфера са Teff=10500 K, log g=4.0 и Vt=0.0$ км с-1 за a) Zr II 4d5s5p 2Dо

3/2 - 4d25s 
a2D3/2 λ=193.85 nm  (пуна линија) и Zr II 4d5s5p у 2Fо

5/2 - 4d25s b2G7/2 λ=232.47 nm (испрекидана 
линија), и b) Zr III 4d2 3P1 - 4d5p 3Po

0 λ=193.725 nm, Zr III 4d2 1G4 - 4d5p 1Fo
3 λ=194.023 nm, Zr III 

4d2 3P2 - 4d5p 3Po
1 λ=194.105 nm и Zr III 4d2 3P1 - 4d5p 3Po

1 λ=194.657 nm. На Сл. 11б није 
показана зависност од температуре за све наведене линије пошто је приближно једнака. 

 
електронима није узет у обзир. У сваком случају, синтетисање ове две 
линије да би се одредила обилност цирконијума, без узимања у обзир 
ширине услед судара са електронима, довешће да је обилност 
цирконијума одређена помоћу ZrIII [194.0 nm] линије већа него ако се 
одреди користећи ZrII [193.8 nm] линију. Ипак, овај ефекат не може да 
изазове разлику у обилности од једног реда величине.  
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Премда се „цирконијумски конфликт“ код HgMn звезде χ Lupi не 
може објаснити само овим ефектом, треба узети у обзир да 
занемаривање Штарковог ширења може да доведе до грешака у 
одређивању обилности. Штавише на Сл. 11 је показано да је Штарково 
ширење упоредиво са Доплеровим или доминантно за температуре око 
10 000 K и веће. 

 

13. РЕТКЕ ЗЕМЉЕ У СПЕКТРИМА СР ЗВЕЗДА 

Други пример применљивости МСЕ метода у астрофизици је 
истраживање спектралних линија елемената ретких земаља (rare earth 
element - REE) у спектрима CP звезда. Спектроскопски подаци за 
елементе ретке земље (REE) су од интереса за астрофизику пошто су 
линије јонизованих REE присутне у звезданим спектрима. Штавише, 
обилност REE у CP звездама је у широком опсегу температура много 
већа него на Сунцу (види нпр. Рјабчикова и др. [91]), и атомски подаци 
за REE су потребни да би се решавали астрофизички проблеми као што 
су релативне обилности елемената који настају у r- и s-процесима у 
Хало звездама сиромашним металима и еволуција CP звезда [92,93]. 
Обично се анализа обилности REE заснива на линијама првог 
јонизационог стања, за које постоје експериментално одређене јачине 
осцилатора. У неким CP звездама, на пример код HD 101065 [91], 
присутан је велики вишак REE.  

У Поповић и др. [91], израчунати су помоћу модификоване 
семиемпиријске формуле Штаркове ширине и помаци за шест линија Eu 
II и ширине за три La II и шест La III мултиплета. Помоћу добијених 
резултата истражен је утицај механизма ширења спектралних линија 
сударима са електронима у атмосферама топлих звезда. Показано је да 
је овај механизам ширења значајан у топлим звездама, и да треба да се 
узима у обзир код анализе звезданих спектралних линија за Teff > 7000 
K, посебно ако је обилност еуропијума велика.  

У Поповић и др. [96], користећи МСЕ формулу, одређене су 
Штаркове ширине за 284 Nd II линије. Линије јонизованог неодимијума 
посматране су у спектрима CP, као и других звезда (види нпр. 
[94,97,98]). Услед услова у звезданим атмосферама, Nd II линије су 
доминантне у поређењу са Nd I и Nd III линијама. На пример у спектру 
roAp звезде HD101065, Каули и др. (Cowley) [94] су нашли 71 линију Nd 
II, а само 6 линија Nd I и 7 Nd III. Због тога се за одређивање обилности 
неодимијума код CP и других звезда, обично користе линије Nd II. Са 
друге стране, услед сложености Nd II спектра, веома је тешко добити 
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атомске податке (јачине осцилатора, Штаркове ширине, итд.) потребне 
за астрофизичке сврхе.  

Поповић и др. [96], су за прорачун Штаркове ширине користили 
упрошћени МСЕ прилаз Димитријевића и Коњевића [76]. Ова формула 
даје боље резултате него старија апроксимативна формула Каулија 
(Соwley) [99], често коришћена за процену Штаркове ширине када се не 
могу применити поузданији методи.  
 Да би тестирали значај ефекта ширења линија сударима са 
електронима у звезданим атмосферама, Поповић и др. [96] су 
синтетисали профиле 38 Nd II линија помоћу компјутерских програма за 
моделирање звезданих атмосфера SYNTH [89] и  ATLAS9 [68], у  
температурском  опсегу  6000 ≤ Teff ≤ 16000 K,  и  3.0 ≤ log g ≤ 5.0. 
 Профиле линија су синтетисали са и без узимања у обзир 
Штарковог ширења сударима са електронима, за различите типове 
звезданих атмосфера. Прво су синтетисали све разматране профиле за 
обилност неодимијума A = log [Nd/H]=-7.0, и две вредности log g = 4.0 и 
4.5 за различите ефективне температуре (Teff = 6000 – 16000 К). Све 
разматране линије имају сличну зависност од ефективне температуре. 
 

 
СЛИКА 12. Однос еквивалентних ширина Nd II 4013.3 Å линије, израчунат са 
укључивањем Штарковог ширења (EWSt) и без њега (EW0) у функцији ефективне 
температуре. Резултати за log g=4.0 и log g=4.5 приказани су пуном, односно 

испрекиданом линијом. 

Као пример, на Сл. 12 је показан однос еквивалентне ширине 
EWSt/EW0 – као функција звездане температуре за линију Nd II 4013.3 
Å. Као што се на слици може видети, највећи утицај ширења сударима 
са електронима на еквивалентну ширину је у опсегу ефективних  
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СЛИКА 13. Однос еквивалентних ширина EWSt/EW0 у функцији log g за Nd II 4062.2 Å 

спектралну линију, за две вредности обилности неодимијума. 

температура Teff = 8000 K - 10000 K. Напоменимо да је вредност 
обилности неодимијума за Сунце  -10.55, што је три реда величине мање 
 

 
СЛИКА 14. Максимални (горња линија) и минимални (доња линија) однос еквивалентних 
ширина EWSt/EW0 за различите спектралне типове звезда, за 38 Nd II спектралних линија. 

 

од вредности коришћене на Сл. 12, тако да су Сунчеве Nd II линије 
слабе и релативно неосетљиве на ширину пригушења. 

На Сл. 13, илустрована је зависност од површинске гравитације, 
утицаја ширења линија сударима са електронима на еквивалентне 
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ширине, за линију Nd II λ = 4062.2 Å и log [Nd/H] = -6.5 и -7.5. Утицај је 
већи за веће обилности неодимијума, и расте са порастом површинске 
гравитације.  

 
СЛИКА 15. Средње електронске густине у атмосфери (празни кругови) и у слојевима где је 
густина неодимијумових јона највећа (T=7000 K – 9000 K, испуњени кругови), у функцији 

ефективне температуре која одговара спектралним типовима звезда од G до B. 

 
Да би указали на спектралне типове звезда где је ефекат ширења 

линија сударима са електронима најзначајнији, Поповић и др. [96] су 
дали преглед укупног утицаја у различитим типовима звезданих 
атмосфера, разматрајући најмањи и највећи утицај на све проучаване 
линије. Овај резултат је показан на Сл. 14, где је приказан однос 
еквивалентних ширина у функцији спектралног типа звезде. Као што се 
може видети на Сл. 14, највећи утицај механизма Штарковог ширења је 
код звезданих атмосфера А типа.  

Узимајући у обзир да Штарково ширење зависи од електронске 
густине (N), ефекат је највећи у атмосферама врелих звезда код којих је 
електронска густина већа, пошто водоник постаје јонизован. Може се 
очекивати да ће утицај Штарковог ширења бити већи за топлије звезде, 
али с обзиром да јон Nd II настаје у делу звездане атмосфере са 
одговарајућим параметрима плазме, то није случај. Полазећи од 
чињенице да је потенцијал јонизације Nd II 10.73 eV, и да слојеви где је 
густина јона Nd II највећа имају електронску температуру између 7000 
K и 9000 K, Поповић и др. [96] су израчунали средњу електронску 
густину у овим слојевима звездане атмосфере за различите спектралне 
типове звезда и log g = 4.0. Како се може видети на Сл. 15, средња 
електронска густина опада са ефективном температуром. То је разлог 
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зашто је највећи утицај ефекта Штарковог ширења у случају Nd II, код 
звезданих атмосфера A типа. 
 

14. СРПСКА ВИРТУАЛНА ОПСЕРВАТОРИЈА И БАЗА 
ПОДАТАКА STARK-B 

Српска виртуална опсерваторија је нови пројекат чије је 
финансирање одобрило Министарство за науку и технолошки развој 
Србије преко пројекта TR13022. Циљеви пројекта су: 

- установити SerVO и придружити се EuroVO (Европска виртуална 
опсерваторија) и IVOA (International Virtual Observatory Alliance – 
Међународни савез виртуалних опсерваторија); 

- установити SerVO центар података за дигитализацију и 
архивирање астрономских података добијених на Астрономској 
опсерваторији у Београду; 

- развој алата за визуализацију података. 
Главни циљ је да се публикују у VO компатибилном формату, подаци 

које су добили српски астрономи, као и да се астрономима у Србији 
обезбеде VO алати за научни рад. У прве три године главни циљеви 
пројекта су: 

- дигитализција и публиковање у виртуалној опсерваторији 
фотографских плоча из архива Астрономске опсерваторије; 

- публиковање, заједно са Париском опсерваторијом, базе 
података о Штарковом ширењу STARK-B, која ће, као први корак, 
садржати параметре Штарковог ширења, које су Димитријевић и Саал-
Брешо добили у оквиру семикласичног пертурбационог прилаза током 
тридесетогодишње сарадње, у VO компатибилном формату; 

- прављење мирор сајта за DSED (Darthmouth Stellar Evolution 
Database) у VO контексту. 

У базу података STARK-B, улазе управо подаци о Штарковом 
ширењу о којима смо говорили у овом раду. Напоменимо да је 
претходник SerVO била ВELDATA а њен главни садржај била је база 
података о Штарковом ширењу спектралних линија. Историја 
BELDATA може се следити у [100-104]. После интензивирања сарадње 
са француским колегама око базе података MOLAT на Париској 
опсерваторији, BELDATA је постала STARK-B.  

Ова база података намењена је моделизацији и спектроскопској 
дијагностици звезданих атмосфера и омотача. Такође је од користи и за 
истраживања лабораторијске плазме, ласерски произведене плазме, 
инерцијалне фузије, као и за развој ласера и плазмене технологије. 



 

 38 

Сходно томе опсег температура и густина који покривају табеле је 
широк и зависи од степена јонизације разматраног јона. Температура 
варира од неколико хиљада за неутралне атоме до неколико милиона 
Келвина за високо наелектрисане јоне. Електронска или јонска густина 
мења се од 1012 (случај звезданих атмосфера) до неколико пута 1023 cm-3 
(субфотосферски слојеви и истраживања инерцијалне фузије).  

Обезбеђена је проста графичка међувеза (интерфејс) са подацима 
(види http://stark-b.obspm.fr/elements.php). Корисник прво бира елемент 
из периодичног система који га интересује. После тога јонизационо 
стање, пертурбер(е), густину пертурбера, прелаз и температуру плазме, 
после чега се генерише табела са описом података, пуном ширином 
линије на половини максималног интензитета и помаком линије. 
Планирана су два мирор сајта, један у Медону и један у Београду.  

Даљи развој ће бити да излазни подаци буду усаглашени са ВО 
стандардима (који тек треба да буду у потпуности дефинисани), као и да 
се база потхрани са још елемената /јонизационих стања. Ова база 
података улази и у европски ФП7 пројекта Виртуални центар за атомске 
и молекуларне податке (Virtual Atomic and Molecular Data Centre - 
VAMDC) први ФП7 пројекат у српској астрономији – чији конзорцијум 
чини 15 установа из 9 земаља. Његов циљ је да изгради доступну и 
интероперабилну e-инфраструктуру за атомске и молекуларне податке, 
проширујући и интегришући замашан број база података, за потребе 
различитих корисника у науци и индустрији.  
 

15. ЗАКЉУЧАК  

Као што се из изложеног може закључити, мултидисциплинарна 
област истраживања Штарковог ширења спектралних линија плазме у 
Србији има критичну масу и омогућава младима да се баве науком на 
светском нивоу и своје радове пласирају у врхунске међународне 
часописе. Оваква истраживања у астрономији имају и своју 
конференцију у Србији. I-III Југословенска конференција о облицима 
спектралних линија одржане су 1995,1997 и 1999, у Криваји код Бачке 
Тополе, Белој Цркви и Бранковцу на Фрушкој Гори, IV Српска 
конференција о облицима спектралних линија у Аранђеловцу 2003, а V-
VII Српска конференција о облицима спектралних линија у 
астрофизици 2005, 2007 и 2009, у Вршцу, Сремским Карловцима и 
Зрењанину. 
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Abstract. Collisions of emitters and absorbers with charged 
particles influence on spectral line shapes of stellar plasma, since 
due to splitting and shifting of atomic energy levels in electric field 
(Stark effect) lines in spectra are broadened and shifted. In this work 
is analyzed the importance of Stark broadening of such lines for 
analysis, interpretation and synthesis of stellar spectra, analysis, 
diagnostics and modelling of stellar plasma, and the significance of 
such results for investigations of laboratory, fusion and 
technological plasmas, as well as for the physics of lasers. It is 
considered for which types of stars and for which investigations 
Stark broadening is significant, and methods for theoretical 
determination of Stark broadening parameters of spectral lines are 
discussed. A review of such investigations on the Belgrade 
Astronomical Observatory is given as well. 
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Romanian-Serbian Collaboration in Astronomy 

Milan S. Dimitrijevic, Magda Stavinschi 

Abstract: 

In this contribution we present and analyze the collaboration of Romanian and Serbian astronomers, 

from the time on collaboration on the reform of Julian calendar. We also analyze the data on mutual 

visits of Romanian and Serbian astronomers, obtained by perusing the Guest Book of Bucharest 

Astronomical Observatory and Annual Reports of Directors of Belgrade Astronomical Observatory 

published in various editions, as well as the history of four common meetings of Romanian and Serbian 

astronomers (Timisoara, Belgrade, Cluj-Napoca, Belgrade) organized by us. 
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Rigas Velestinlis and Astronomy in His Anthology of Physics (For 250 
Years from His Birthday)  

Efstratios Theodossiou, Vasilis N. Manimanis, Milan S. Dimitrijevic, Emmanouel Danezis 

Abstract: 

Rigas Velestinlis (Velestino 1757 - Belgrade 1798) was a herald and martyr of freedom, but also one of 

the forerunners of the modern Greek enlightenment movement. With his restless intellectual 

researches, his books and publications, and his revolutionary ideas, he managed to participate in the 

intellectual awakening of his enslaved nation, channeling through his works the novel ideas of the 

European enlightenment together with the messages of French revolution. His vision was a great 

revolution, uprising of enslaved nations against Ottoman repression, which will result in the creation of 

a democratic community of nations of Balkans and neighbouring areas. An important part of his life he 

lived in Bucharest and tragically died in Belgrade, so that he is important for Romanian and Serbian 

history, too. For the history of astronomy, interesting is his Anthology of Physics, where astronomical 

contents are present. In this contribution, his life and work are presented and analyzed, with a particular 

attention to the astronomical aspects of the mentioned work. 
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Stark Broadening of O V 1371 A Line in Stellar Atmospheres 

Milan S. Dimitrijevic, Andjelka Kovacevic, Zoran Simic, Miodrag Dacic 

Abstract: 

The Stark broadening of O V 1371 A spectral line observed in stellar atmospheres of hot stars is 

considered. The corresponding Stark broadening parameters were determined within the semiclassical 



method. We found that Stark broadening mechanism is very important in atmospheres of hot stars like 

DO white dwarfs and should be taken into account. 
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Electron-Impact Broadening of Ar I 737.212 nm Spectral Line for Stellar 
Atmospheres Research 

Milan S. Dimitrijevic, Magdalena Christova, Zoran Simic, Sylvie Sahal-Brechot 

Abstract: 

With the development of space-born spectroscopy, the importance of atomic data, including the Stark 

broadening parameters, for trace elements like argon, increases. For example argon is found in CVn 

binary σ
2
 Coronae Borealis, and recently, argon lines are observed in the optical spectrum of the Be star 

Hen 2-90. Also argon abundance has been determined from spectral lines, e.g. for LSE 78, an extreme 

helium star, for the similar star BD-9-4395, for DY Cen and γ Peg. Consequently, electron-impact (Stark) 

line-broadening parameters for neutral and ionized argon are of interest for the modelling and 

investigation of astrophysical plasmas. Here are determined needed Stark broadening parameters 

(width and shift) for Ar I 737.212 nm spectral lines on the basis of the impact theory within the semi-

classical perturbation approach. 
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Using line broadening to determine the electron 
density in an argon surface-wave discharge at 

atmospheric pressure 
M. Christova*, L. Christov^ E. Castafios-Martinez**, M. S. Dimitrijevic* 

and M. Moisan** 

'Department of Applied Physics, Technical University- Sofia, BG-1000 Sofia, Bulgaria 
^Faculty of Chemistry, Sofia University, BG-1164 Sofia, Bulgaria 

**Groupe de Physique des Plasmas, Universite de Montreal, MontrealH3C 3J7, Quebec 
^Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 

Abstract. Broadening due to collisions with charged particles (Stark broadening ) and neutral 
atoms, was determined for Ar I 522.1, 549.6 and 603.2 nm spectral lines from the spectral series 
3p'nd-3p'4p, in order to evaluate the electron density in a surface-wave discharge at atmospheric 
pressure. 

Keywords: Line broadening, coUisional broadening, plasma diagnostics, electron density 
PACS: 32.60.+i; 32.70.Jz; 52.20.Fs; 52.20.Hv 

INTRODUCTION 

Pressure broadening of spectral lines is important for the diagnostics and modeling 
of laboratory plasmas, and for many purposes in astrophysics, as for example opacity 
calculations, abundance determination and analysis and synthesis of stellar spectra. 
Neutral atom broadening is more important for cooler stars like our Sun and Stark 
broadening for hot stars like A-type stars and in particular for DO and DB white dwarfs.. 

It is well known that argon is one of the most widely used gases in various fields 
of science and technology. On the other hand, with the development of space-borne 
spectroscopy, the importance of atomic data, including fine broadening parameters for 
trace elements like argon [1], is increasing. Spectral lines within the optical spectral 
range are of particular interest. 

In this work, different line broadening models are applied to three Ar 1 spectral fines to 
evaluate tfie electron density in a surface-wave discfiarge at atmospfieric pressure. This 
method is useful in cases where the classical methods using hydrogen lines for electron 
density diagnostic cannot be applied. 

THEORETICAL CALCULATIONS 

Under atmospheric pressure conditions, the broadening mechanisms of spectral lines 
are: Stark broadening (due to colhsions witfi cfiarged particles), neutral atom colfision 
broadening (due to collisions witfi neutral atoms), Doppler broadening and natural 
broadening. Natural broadening is negligible in comparison witfi otfier broadenings and 
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broadening due to self-absorption can be avoided by a proper choice of the spectral lines. 
For both pressure-induced mechanisms of line broadening (Stark broadening and neutral 
atom broadening), the impact approximation theory has been applied. 

Stark broadening 

In this work, the Stark broadening has been calculated using Sahal-Brechot theory 
[2, 3]. Within the semi-classical perturbation formahsm, used in this theory, the full half 
width (W) of an isolated line originating from the transition between the initial level / 
and the final level / is expressed as: 

W = lnej vf{v)dv%,^,Gu'{v)+l.f^fGff{v) + Gel] (1) 

where /' and / are perturbing levels, «e and v are the electron density and the velocity 
of perturbers respectively, and /(v) is the Maxwelhan distribution of electron velocities. 
The inelastic colhsional cross sections c7,,/(v) (respectively Offiy)) and the correspond­
ing elastic colhsion contribution 0^1 to the W are described in detail in [2, 3]. 

Broadening by neutral atom collisions 

The fine broadening by colhsions with neutral atoms has been treated using the 
semi-classical theory calling for the impact approximation where the full width at half 
intensity maximum 7 is given by: 

7=2A^<c7'v>=/3A^ (2) 

where N is the perturber density, o' is the effective cross section for the impact broad­
ening of the fine and /3 is the broadening coefficient. Here the symbols <...> denote the 
(thermal) average over a Maxwelhan distribution of the relative velocities of the inter­
acting atoms. Kaulakys potential [4] for the interaction between an emitting atom and 
rare-gas atoms has been used. This potential accounts for the polarization attractions 
between the emitter and perturber and for the short-range interactions between excited 
electrons of the emitter and perturber The contributions from the polarization attraction 
of this potential are given by: 

V [R^r'j = Va [R) +Vae [R,r) + F , [r-R'j , \R-r\ > ro (3) 

where R is the distance between the interacting atoms, r is the location of the excited 
electron and ro is the distance of the short-range interaction. The short-range interaction 
is approximated by the Fermi pseudo-potential: 

Ve(r-R] =27tL5(r-R] (4) 

where L is the scattering length. 
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FIGURE 1. Axial variation (z - the position on the axis) of the electron density (w )̂ obtained from 
different Ar I lines. Results obtained using the theory of Sahal-Brechot for Stark broadening [2, 3] and 
the potential of Kaulakys [4] for neutral atom impact broadening: 1.1 - Ar I 522 nm; 1.2 - Ar I 549 nm; 
1.3 - Ar I 603 nm. Results obtained with Stark broadening data of Griem [6] and van der Waals potential: 
2 - Ar I 549 nm. Results obtained with data for Stark broadening of Hj3 line from Griem [6] and Gigosos 
[7]: 3.1 - Hi3 (Griem); 3.2 - HjS (Gigosos). 

RESULTS 

Results for the axial variation of the electron density of surface-wave tubular discharges 
from the fine broadening of three argon neutral lines are presented on the same figure. 
The examined argon lines Ar I 522.1, 549.6 and 603.2 nm are from the spectral series 
3p^nd-3p^4p. The results are compared with those obtained in [5] from Ar I 549.6 
nm and with the electron density values from the Stark broadening of hydrogen fine 
H^, using Griem's theory [6] and using Gigosos et al. model [7]. The calculations 
presented are of interest for determining the electron density of, for example, surface-
wave discharges at atmospheric pressure using the line broadening of the carrier gas 
itself, therefore avoiding the use of hydrogenic spectral fines that imply perturbing the 
discharge to be diagnosed. 
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  Long Term Variability of the Radial Velocities  
     in the Coronal and Post-coronal Regions of 

the Oe Star HD 93521 
Antoniou, A.1, Danezis, E.1, Lyratzi, E.1, Nikolaidis, D.1, 

Popović, L. Č.2, Dimitrijević, M. S.2 and Theodossiou, E.1 
1. University of Athens, School of Physics, Department of Astrophysics, Astronomy and Mechanics, 

Panepistimiopolis, Zografos 157 84, Athens – Greece 
2. Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia 

 
Abstract. We examine the timescale changes of C IV, N IV and N V spectral lines of the Oe 
star HD 93521, during a period of 16 years, applying the model proposed by Danezis et al. 
(2005). We found that the spectral lines consist of one or more Satellite Absorption Components 
(SACs or DACs) which construct the whole spectral profile. In this paper we present the time 
scale variation of the radial velocities. 

Keywords: Oe stars, SACs, radial velocity. 
PACS: 97.10.Ex, 97.10.Fy, 97.20.Ec, 97.30.Eh 

INTRODUCTION 
HD 93521 is a relatively bright, very rapidly rotating O9.5V star (Hobbs et al. 

1982). These characteristics, together with its exceptionally high Galactic latitude 
(b=+63.130, Galactic length l=183.30, Costero & Stalio 1984) have made it a favorite 
target for studies regarding stars out of the Galactic plane (e.g. Pettini & West 1982).  

Since its adoption as a spectrophotometric standard for IUE (Bohlin et al. 1980), it 
has acquired an increasingly well – documented record of spectroscopic variability 
(Garmany et al. 1980). The ultraviolet spectrum shows wind signatures at C IV, N V, 
and Si IV. The presence of a strong Si IV wind line is exceptional for a luminosity 
class V star; indeed, all the wind profiles have unusual morphologies (Prinja & 
Howarth 1986), which have been interpreted as evidence for a cylindrically (as 
opposed to spherically) symmetric wind (Massa 1992). According to C IV resonance 
line profile of HD 93521, Massa (1992) and Howarth & Reid (1993) also suggested, 
that there is a high – speed component in the polar outflow from the star as well as a 
low – speed component in the equatorial regions. Howarth & Reid (1993) supported 
that the mean profiles of the resonance lines of C IV, NV and SiIV show that the 
morphology of the lines is very unusual, and it is possible to identify three separate 
components: very strong, low - velocity absorption in Si IV and C IV, which is 
saturated out about -500 km/s; weaker absorption which extends to about -1200 km/s 
in C IV and N V and emission in C IV and N V which is unusually strong for a late O 
main sequence star.  
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THE GAUSSIAN - ROTATIONAL MODEL (GR-MODEL) 

With the following model we can calculate the apparent rotational and radial 
velocities, the Gaussian deviation of the random motions of the ions, the random 
velocities of these motions, as well as the optical depth, the Full Width at Half 
Maximum (FWHM), the absorbed and the emitted energy and the product of the 
Source function S and the optical depth ξ of the independent regions of matter which 
produce the main and the satellites components (SACs) of the studied spectral lines. 

For our study the line broadening is caused by two reasons: The first one is the 
rotational velocity of the spherical region that produce the spectral line and the second 
one the random velocities of the ions, which make thermal random motions. In this 
model we present a new approach, which describes both of these factors.  

We consider that the area of gas, which creates a specific spectral line consists of i 
independent absorbing shells followed by j independent shells that both absorbs and 
emits and an outer absorbing shell. Such a structure produces DACs or SACs (Danezis 
et al. 2003) and the final line function is: 

 { } { }( ) { }gg
j

ejejej
i

ii LLSLII ξξξ λλλ −⎥
⎦

⎤
⎢
⎣

⎡
−−+−= ∑∏ expexp1exp0  (1) 

where: Ιλ0: the initial radiation intensity, 
Li, Lej, Lg: are the distribution functions of the absorption coefficients kλi, kλej, kλg 
respectively. Each L depends on the values of the apparent rotational velocity as well 
as of the radial expansion/contraction velocity of the density shell, which forms the 
spectral line (Vrot, Vexp), 

∫=
s

ds
0

ρΩξ  is an expression of the optical depth τ, where Ω is an expression of kλ, Sλej: 

the source function, which, at the moment when the spectrum is taken, is constant. 
The function (1) does not depend on the geometry of the regions which create the 

observed feature. This means that L may represent any distribution which considers 
certain geometry, without changing anything in Iλ. 

One of the hypotheses when we constructed the rotational model was that the line’s 
width ∆λ is only a rotational effect. This means that the random velocities were very 
low and they did not contribute to the line broadening. In a new approach of the 
problem we also consider the parameter of random velocities in the calculation of the 
distribution function L and we have: 
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where λ0 is the laboratory wavelength of a spectral line that arises from a specific point 

Ai of the equator of a spherical shell, 
c

V
z rot=  (Vrot is the rotational velocity of the 

point Ai). This L(λ) of the equation (2) is the distribution that replaces the rotational 
distribution L that Danezis et al (2003) proposed (see Danezis et al. 2003 and Danezis 
et al. 2005a,b). 
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LONG TERM VARIABILITY OF THE RADIAL VELOCITIES 

The Analysis Of The Shapes  

This study is based on eleven different spectra of HD 93521 taken with the IUE – 
Data satellite. We study the structure of the spectral lines C IV λλ 1548.155 Ǻ, 
1550.774 Ǻ, N IV λ 1718.80 Ǻ and N V λλ 1238.821, 1242.804 Ǻ.  

We present some spectral lines and their best fits of the C IV, N IV and N V 
regions of three different dates. These are the IUE - data SWP04472 (4.3.79), 
SWP44900 (9.6.72) and SWP30086 (12.1.87) respectively.  

 

 
FIGURE 1.  The C IV λλ 1548.155, 1550.774 Ǻ resonance lines in the spectrum of HD 93521. Each of 
C IV spectral lines consists of five SACs. The graph bellow the fit indicates the difference between the 
observed spectrum and the fit. 
 

 
FIGURE 2.  The N IV λ 1718.80 Ǻ absorption line in the spectrum of HD 93521. The N IV spectral 
line consists of one SAC. The graph bellow the fit indicates the difference between the observed 
spectrum and the fit. 
 

 
FIGURE 3.  Each of N V λλ 1238.821, 1242.804 Ǻ resonance lines in the spectrum of HD 93521 
shows a characteristic P Cygni profile. Each of these spectral lines consists of one SAC. The graph 
bellow the fit indicates the difference between the observed spectrum and the fit. 
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Results 

The following diagrams describe the time scale changes of the radial velocities of 
the coronal regions where are created the C IV, the N IV and the N V ions. We took 
into account that the shift of the interstellar lines corresponds to a mean value of the 
radial velocity about -387 km/s. We took also into account that the radial velocity of 
the star is about -11 km/s (Garmany et al. 1980).  

The C IV Region 

C IV- REGION 
Radial Vevocities (Vr) 

-800

-600

-400

-200

0

200

400
1/1/78 27/9/80 24/6/83 20/3/86 14/12/88 10/9/91 6/6/94

Date

R
ad

ia
l V

el
oc

it
ie

s 
(V

r)
 in

 K
m

/
s

 
FIGURE 4.  Timescale variations of the apparent radial velocities Vrad (km/s) of the λλ 1548.155, 
1550.774 Ǻ C IV resonance lines for the independent density regions of matter which create the 5 
satellite components. We see that the radial velocity in each component remains constant.  

The N IV Region 
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FIGURE 5.  Time scale changes of the apparent radial velocities Vrad (km/s) of the density region 
which creates the N IV spectral line λ 1718.8 Ǻ. The time scale variability is remarkable. 
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The N V Region 
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FIGURE 6.  Timescale variations of the mean values of the apparent radial velocity Vrad (km/s) of the 
absorption and emission component of the N V resonance lines λλ 1238.821, 1242.804 Ǻ. In each case 
we note also remarkable time scale variability. 
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A New Modeling Approach For DACs And 
SACs Regions In The Atmospheres Of Hot 

Emissions Stars 

Danezis, E.1, Nikolaidis, D.1, Lyratzi, E.1, Popović, L. Č.2, 
Dimitrijević, M. S.2, Theodossiou, E.1 and Antoniou, A.1 

1. University of Athens, Faculty of Physics, Department of Astrophysics, Astronomy and 
Mechanics,Panepistimioupoli, GR 157 84 Zographou, Athens, Greece 
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Abstract. The presence of Discrete Absorption Components (DACs) or Satellite Absorption 
Components (SACs) is a very common phenomenon in the atmospheres of hot emission stars 
(Danezis et al. 2003, Lyratzi & Danezis 2004) and result to the complex line profiles of these 
stars. The shapes of these lines are interpreted by the existence of two or more independent 
layers of matter nearby a star. These structures are responsible for the formation of a series of 
satellite components for each spectral line. Here we will present a model reproducing the 
complex profile of the spectral lines of Oe and Be stars with DACs and SACs (Danezis et al. 
2003, Lyratzi & Danezis 2004). In general, this model has a line function for the complex 
structure of the spectral lines with DACs or SACs and include a function L that considers the 
kinematic (geometry) of an independent region. In the calculation of the function L we have 
considered the rotational velocities of the independent regions, as well as the random velocities 
within them. This means that the new function of L is a synthesis of the rotational distribution 
and a physical Gaussian. Finally, we calculate the optical depth (ξ) and the column density (d) of 
each independent density region.  

Keywords: Hot emission stars, models, DACs. 
PACS: 97.10.Ex, 97.10.Fy, 97.20.Ec, 97.30.Eh 

INTRODUCTION 
One of the most important phenomena in the spectra of hot emission stars is the 

DACs (Discrete Absorption Components) phenomenon (Peton 1974, Underhill 1975, 
Lamers et al. 1982, Sahade et al. 1984, Sahade & Brandi 1985, Hutsemékers 1985, 
Danezis 1984, 1987, Danezis et al. 1991, 2003). 

DACs are discrete but not unknown absorption spectral lines. They are spectral 
lines of the same ion and the same wavelength as a main spectral line, shifted at 
different ∆λ, as they are created in different density regions which rotate and move 
radially with different velocities (Danezis et al. 2003, Lyratzi & Danezis 2004). DACs 
are lines, easily observed, when the regions that give rise to such lines, rotate with low 
velocities and move radially with high velocities. However, if the regions, that give 
rise to such lines, rotate with large velocities and move radially with small velocities, 
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the produced lines are very broadened but have small shifts. As a result they are 
blended among themselves as well as with the main spectral line and thus they are not 
discrete. In such a case the name Discrete Absorption Component is inappropriate and 
we use only the name SACs (Satellite Absorption Components). 

DESCRIPTION OF THE MODEL 

The Line Profile Function 

Some years ago our group proposed a new model to explain the complex structure 
of the density regions of hot stars, where the spectral lines that present SACs or DACs 
are created (Danezis et al. 1991, 1998, 2000a,b,c, 2002a,b,c, 2003), Laskarides et al. 
1992a,b). 

The main hypothesis of this model is that the atmospherical region where a specific 
line is created is not continuous, but it is composed of a number of successive 
independent absorbing density regions, a number of emission regions and an external 
general absorption region. 
By solving the equations of radiation transfer through a complex structure, as the one 
described, we conclude to a function for the line’s profile, able to give the best fit for 
the main spectral line and its Satellite Components in the same time (Equation 1). 

 ( ) gejai x
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x eeSeII −−−
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⎡
−+= ∑∏ 10 λλλ  (1) 

where: Iλ0: is the initial radiation intensity, Sλej is the source function, which, at the 
moment when the spectrum is taken, is constant and aixe− , ejxe− , gxe−  are the 
distribution functions of the absorption, emission and general absorption lines 
respectively. This function Iλ does not depend on the geometry of the regions which 
create the observed feature. 

The Rotation Distribution Function 

One of the main hypotheses when we constructed the old version of the model 
(rotation model) was that the line's width ∆λ is only a rotational effect and we consider 
spherical symmetry for the independent density regions, which create the satellite 
components. This means that the random velocities were very low and they did not 
contribute to the line broadening. In such a case Eq. (1) becomes: 

 ( ) ggejejaiai L
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L
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L eeSeII ξξ
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λλ

−−−
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where: Iλ0: is the initial radiation intensity, Lai, Lej, Lg: are the distribution functions 
(Rotation distribution) of the absorption coefficients kλai, kλej, kλg, respectively and ξ is 
the optical depth. 

In the present work we propose a new approach of the problem, as we also consider 
the parameter of random velocities in the calculation of the distribution function L 
(See Danezis et al. 2005). This new L is a synthesis of the rotation distribution that we 
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had presented in the old rotational model and a Gaussian. This means that the new L 
has two limits, the first one gives us a Gaussian and the other the old rotation 
distribution. 

Calculation Of The New Distribution Function (Gauss-Rotation) 

Let us consider a spherical shell and a point Ai in its equator (See Fig. 1a). If the 
laboratory wavelength of a spectral line that arises from Ai is λlab, the observed 
wavelength will be λ0=λlab+∆λrad. 

 

 
FIGURE 1.  View of the equator of a blob. We can see the Vrad of the point Ai, from which arise the 
∆λrad (a) and the Vrot from which arise the ∆λrot (b). 

 
If the spherical density region rotates (See Fig. 1b), we will observe a displacement 

∆λrot and the new wavelength of the center of the line λi is roti λ∆λλ ±= 0 , where 

ϕλλ∆ sin0 zrot =  and 
ϕλ

λ∆
sin0

rotrot

c
V

z == , where Vrot is the observed rotational 

velocity of the point Ai. 

This means that ( )ϕλϕλλλ sin1sin 000 zzi ±=±=  and if 
22
πϕπ

<<−  then 

( )ϕλλ sin10 zi −= . 
If we consider that the spectral line profile is a Gaussian distribution we have: 
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λ eP  where κ is the mean value of the distribution and in the case of 

the line profile it indicates the center of the spectral line that arises from Ai. This 
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equator we have ( )
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The distribution function from the semi-spherical region is 
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(Method Simpson). 
This ( )λfinalL  is the distribution that replaces the old rotational distribution L in 

equation (2) that our group proposed some years ago (Danezis et al 2003). 
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A New Approach For The Structure Of Ha 
Regions In 120 Be-type Stars 
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Mechanics,Panepistimioupoli, GR 157 84 Zographou, Athens, Greece 

2. Astronomical Observatory, Volgina 7, 11160, Belgrade, Serbia 

Abstract. In this paper we present a statistical study of the Hα line profiles of 120 Be-type stars 
using the model proposed by Danezis et al. (2003) and Lyratzi & Danezis (2004). This model 
proposes that the density layers which produce the Hα line lie in different regions in the stellar 
atmosphere. In the Be-type stellar atmospheres, there are two regions that can produce the Hα 
satellite components. The first one lies in the chromosphere and the second one in the cool 
extended envelope. By fitting the Hα line profiles with the line function of the proposed model 
we are able to calculate: a) For the chromospheric absorption components we calculated the 
rotational and radial velocities as well as the optical depth. b) For the emission and absorption 
components which are created in the cool extended envelope we calculated the radial velocities, 
the FWHM and the optical depth. Finally, we present the relation between these parameters with 
the spectral subtype and the luminosity class. 

Keywords: Hot emission stars, models, DACs. 
PACS: 97.10.Ex, 97.10.Fy, 97.20.Ec, 97.30.Eh 

INTRODUCTION 

In the spectra of many Oe and Be stars some spectral lines are accompanied by 
Discrete Absorption Components (DACs) (Bates & Halliwell 1986, Prinja 1988, 
Willis et al. 1989, Bates & Gilheany 1990, Gilheany et al. 1990, Waldron et al. 1994, 
Henrichs et al. 1994, Telting et al. 1993, Telting & Kaper 1994, Cranmer & Owocki 
1996, Prinja et al. 1997, Fullerton et al. 1997, Kaper et al. 1996, 1997, 1999, Cranmer 
et al. 2000) or Satellite Absorption Components (SACs) (Peton 1974, Lamers et al. 
1982, Sahade et al. 1984, Sahade & Brandi 1985, Hutsemékers 1985, Danezis 1987, 
Danezis et al. 1991, 2003, Laskarides et al. 1992a,b, Lyratzi and Danezis 2004). 

The DACs were considered to be unknown spectral lines, which accompanied some 
spectral lines (Si IV, C IV, N IV, N V, Mg II) in the spectra of Oe and Be stars (Bates 
& Halliwell 1986, Prinja 1988, Willis et al. 1989, Bates & Gilheany 1990, Gilheany 
1990, Kaper et al. 1990, Waldron et al. 1994, Henrichs et al. 1994, Telting et al. 1993, 
Telting & Kaper 1994, Cranmer & Owocki 1996, Prinja et al. 1997, Fullerton et al. 
1997, Kaper et al. 1996, 1997, 1999, Cranmer et al. 2000). 
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DACs, now, are not unknown absorption spectral lines, but spectral lines of the 
same ion and the same wavelength as the main spectral line, shifted at different ∆λ, as 
they are created in different density regions which rotate and move radially with 
different velocities. 

If the regions, where such lines are created, rotate quickly and move radially 
slowly, the produced lines are quite broadened and with small shifts. So, they may not 
be discrete absorption spectral lines, but blended among themselves. In such a case, 
they are not observable, but we can detect them through the analysis of the profile. As 
Peton (1974) first pointed out, these components appear as “satellites” in the violet or 
in the red side of a main spectral line, as a function of the time or the phase, in the case 
of a binary system. For these two reasons and in order to include all these components, 
either they are discreet or not, to a unique name, we prefer to name them Satellite 
Absorption Components (SACs) and not Discrete Absorption Components (DACs). 

MECHANISMS RESPONSIBLE FOR THE SACs’ CREATION 

The creation of SACs is due to mechanisms which allow the existence of structures 
which cover all or a significant part of the stellar disk, such as shells, blobs or puffs 
(Underhill 1975, Underhill & Fahey 1984, Bates & Halliwell 1986, Grady et al. 1987, 
Lamers et al. 1988, Cranmer & Owocki 1996, Kaper et al. 1996, 1997, 1999, Markova 
2000) or interaction of fast and slow wind components, Corrotation Interaction 
Regions (CIRs), structures due to magnetic fields or spiral streams as a result of the 
star’s rotation (Underhill & Fahey 1984, Mullan 1984a,b, 1986, Prinja & Howarth 
1988, Cranmer & Owocki 1996, Fullerton et al. 1997, Kaper et al. 1996, 1997, 1999, 
Cranmer et al. 2000). 

Though we do not know yet the mechanism responsible for the formation of such 
structures, it is positive that the SACs result from independent high density regions in 
the stars’ environment (Fig. 1). These regions are formed by the specific ions which 
create a specific spectral line. 

 

 
FIGURE 1.  Density regions which create the Satellite Absorption Components. 
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THE USED MODEL 

Danezis et al. (2003) constructed a mathematical model, in order to study the 
atmospheric regions that give rise to SACs. 

By solving the equations of radiation transfer through a complex structure as the 
one described, we conclude to a function for the line’s profile, able to give the best fit 
for the main spectral line and its Satellite Absorption Components in the same time. 
Such a best fit, through the function of the line’s profile, enables us to calculate some 
parameters (rotational and radial velocities, FWHM, optical depth) of the independent 
layers of matter, which form the main spectral line and its satellite absorption 
components. (See Danezis et al. 2005a, b, Lyratzi et al. 2005). 

 ( ) gji eeSeII
j

ej
i

ττ
λ

τ
λλ

−−−
⎥
⎦

⎤
⎢
⎣

⎡
−+= ∑∏ 10  (1) 

where: Iλ0: is the initial radiation intensity, Sλej is the source function, which, at the 
moment when the spectrum is taken, is constant and ie τ− , je τ− , ge τ−  are the 
appropriate distribution functions (Gauss, Lorentz, Voigt, Rotation) of the absorption, 
emission and general absorption lines respectively. This function Iλ does not depend 
on the geometry of the regions which create the observed feature. 

APPLICATION TO THE Ηα LINE OF 120 Be STARS 

In our study we use the stellar spectrographs which were taken by Andrillat & 
Fehrenbach (1982) and Andrillat (1983) (resolution 5,5 and 27 Ǻ). We applied the 
model on the Ha line 6562.817 Å in the spectra of 120 Be stars of all the spectral 
subtypes and luminosity classes. In most of the Be stellar spectra the Ha line presents 
peculiar and complex profiles. Usually the Ha line’s profile consists of: a very broad 
absorption feature, an emission feature and a narrow absorption feature (Fig. 2). 

 
FIGURE 2.  Analysis of the Ha line profile of the Be star HD 58715. 

 

404

Downloaded 13 Sep 2007 to 131.130.36.55. Redistribution subject to AIP license or copyright, see http://proceedings.aip.org/proceedings/cpcr.jsp



We applied the proposed model in order to reproduce these complex profiles. We 
tried to fit the observed profiles by applying all the classical distribution functions 
(Gauss, Lorentz, Voigt, Rotation). We concluded that the best fit is accomplished 
when we fit: a) the very broad absorption component with Rotation distribution, b) the 
emission component with Voigt distribution and c) the narrow absorption component 
with Gauss distribution. 

CONCLUSIONS 

The proposed line function ( ) gji eeSeII
j

ej
i

ττ
λ

τ
λλ

−−−
⎥
⎦

⎤
⎢
⎣

⎡
−+= ∑∏ 10 is able to 

reproduce accurately the complex Ηα profiles of all the 120 studied Be-type stars. This 
means that the regions where the Ha line is created are not continuous, but they consist 
of successive independent density regions. In the place of the exponential τ−e , which 
gives the profile of each component, we apply the appropriate distribution function. 
The choice of the appropriate distribution function depends on the physical conditions 
of the regions which create the SACs. The most important point is that, in any case, 
the proposed line function remains the same. The important advantage of this method 
is that we are able to accomplish the best fit of the observed spectral lines, by applying 
a line function, to which we conclude after the solution of the radiation transfer 
equations, through a complex atmospherical structure, and not by a graphical 
composition of mathematical distribution functions with no physical meaning. 

The existence of SACs is a general phenomenon in the spectra of Be-type stars. 
The absorption regions of the Ηα line, lie in two different atmospherical regions: in 

the chromosphere and in the cool extended envelope. In the chromosphere we detected 
one to five successive, independent density regions, which rotate with 5200±1192 
km/s, 990±170 km/s, 536±68 km/s, 352±37 km/s and 152±46 km/s and move radially 
with 15±121 km/s, 7±123 km/s, 19±62 km/s, 15±60 km/s and -2±42 km/s. Each 
region creates one Satellite Absorption Component (SAC). In the Cool Extended 
Envelope there are the density regions which create the emission components and the 
narrow absorption components. The emission regions move radially with 20 km/s and 
create SACs with Full Width at Half Maximum (FWHM) about 7.1 Å. In 7 of the 120 
stars where we detected one more emission region, with the same radial velocity and 
FWHM about 2.0 Å. The narrow absorption components have FWHM about 2.0 Å 
and the regions which create them have radial velocity of 0 km/s. 

The profiles of the studied Ηα lines appear to be peculiar and complex, as they do 
not present only one spectral line, but a number of SACs, which are created in 
independent density regions. All the studied stars do not present the same number of 
independent density regions. 
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Stark Broadening Parameters within the
Modified Semiempirical Approach: Ag II
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Astronomical Observatory, Volgina 7, 11000 Belgrade, Serbia, Yugoslavia

Abstract. Investigations of the Stark line broadening parameters are important for a number of
problems in laboratory and astrophysical plasma research. We use a modified semiempirical
approach in order to complete a set of the Stark broadening data. Here we present the Stark
broadening data for 6 Ag II spectral lines calculated within the modified semiempirical approach.

INTRODUCTION

Investigations of the Stark line broadening parameters are important for a number
of problems in laboratory and astrophysical plasma research as e.g. analysis and
synthesis of stellar spectra and modeling of stellar atmospheres and spectra. The
Belgrade group (M. S. Dimitrijevic, L. C. Popovic, V. Krsljanin, D. Tankosic and N.
Milovanovic) uses the modified semiempirical approach [1] in order to complete as
much as possible the existing set of the Stark broadening data available to users in
physics and astrophysics. The modified semiempirical approach is used in the case
when the energy level data, needed for the reliable full semiclassical calculation, are
not completed sufficiently. Up to now, this group has performed Stark broadening
parameter calculations for Ar E, Fe E, Pt E, Bi E, Zn E, Cd E, As E, Br E, Sb E, I E,
Xe E, La E, Au E ,Eu E,Ti E, Kr E, Na E ,Y E, Zr E, Sc E, Ra E, Be El, B El, C El, N
m, o m, F m, Ne m, Na m, AI m, si m, p m, s m, ci m, Ar m, Mn m, Ga m, Ge
m, AS m, Se m, Zn m, Mg m, La m, v m, Ti m, Bi m, Sr m, cu m, Co m, Zr m, B
IV, Cu IV, C 1Y, N IV, O IV, Ne IV, Mg IV, Si IV, P IV, S IV, Cl IV, Ar IV, V IV, Ge
IV, C V, O V, F V, NeV, Al V, Si V, N VI, F VI, Ne VI, Si VI, P VI and Cl VI spectral
lines [ see e.g. Ref. 2 and references therein], using the modified semiempirical
approach.

Also, considering that Au E A,=174.048nm, Co E X=230.785nm and Ti E
X=376.132nm lines have been used for gold, cobalt and titanium abundance
determination (see e.g. Refs. 3, 4 for gold, Ref. 5 for cobalt and Ref. 6 for titanium) in
HgMn stars, this group has tested the influence of Stark broadening mechanism on
equivalent widths of these lines for an A type star atmosphere, as well as for DA and
DB white dwarfs [7]. This has been done with the help of Kurucz's model atmospheres
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[8] of an A type star (Tefr^lOOOOK, log g=4), and with Wickramasinghe's models of DA
(Teff^lOOOOK, log g=6) and DB (Tefpl5000K, log g=l) white dwarf atmospheres [9].

RESULTS AND DISCUSSION

There is not neither experimental nor theoretical Stark broadening data for singly
charged Ag in lines except for the 4d10 ^-Sp1?0 resonant Ag II spectral line where
Stark-broadening data have been estimated, based on regularities and systematic trends
[10]. Here we present the Stark broadening data for 6 Ag II spectral lines calculated
within the modified semiempirical approach. Calculations were performed for an
electron density of 1023 m"3, within the temperature range 5000-50000 K. Energy level
data were taken from [11]. Oscillator strengths have been calculated by using the
method of Bates and Damgaard [12]. In Table 1 the Stark broadening parameters for
the 6 Ag II spectral lines, as a function of temperature, are shown.

TABLE 1. The Stark broadening parameters for 6 Ag II spectral lines, as a function of temperature,
at an electron density of 1023 m"3.

Transition

5slD2-5p2Pl°
X-228.07 nm

T(K)

5000
10000
20000
30000
40000
50000

W(nm)

0.659E-02
0.459E-02
0.318E-02
0.256E-02
0.221E-02
0.199E-02

d (nm)

-0.127E-03
-0.812E-04
-0.440E-04
-0.237E-04
-0.926E-05
0.399E-05

5s1D2-5p2D^
X=223.03 nm

5000
10000
20000
30000
40000
50000

0.657E-02
0.458E-02
0.317E-02
0.256E-02
0.221E-02
0.200E-02

-0.134E-03
-0.871E-04
-0.500E-04
-0.304E-04
-0.158E-04
-0.44 IE-05

5slD2-5p2¥°
k= 232.10nm

5000
10000
20000
30000
40000
50000

0.694E-02
0.483E-02
0.335E-02
0.270E-02
0.234E-02
0.21 IE-02

-0.308E-03
-0.214E-03
-0.144E-03
-0.112E-03
-0.894E-04
-0.747E-04

5p1Pi°-6s1D2

X=281.61nm

5000
10000
20000
30000
40000
50000

0.154E-01
0.108E-01
0.745E-02
0.60 IE-02
0.518E-02
0.466E-02

-0.435E-02
-0.315E-02
-0.234E-02
-0.20 IE-02
-0.183E-02
-0.172E-02
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TABLE 1 - continued.

Transition________T(K)__________W(nm)___________d (nm)
5000 0.168E-01 -0.459E-02
10000 0.117E-01 -0.333E-02

5P' D 5 - 6s' D 2 20000 0.809E-02 -0.247E-02
A,= 289.71 nm 30000 0.653E-02 -0.212E-02

40000 0.564E-02 -0.193E-02
50000 0.508E-02 -0.181E-02

5p1F3°-6s1D2

X-275.71 nm

5000
10000
20000
30000
40000
50000

0.149E-01
0.104E-01
0.722E-02
0.583E-02
0.503E-02
0.453E-02

-0.391E-02
-0.283E-02
-0.210E-02
-0.180E-02
-0.164E-02
-0.153E-02
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Abstract. Stark widths and shifts of eleven doubly charged (Kr III) krypton ion spectral lines
have been measured in the linear, low pressure, pulsed arc at 17 000 K electron temperature and
1.65xl023 m"3 electron density. The measured width and shift values have been compared to the
theoretical data calculated by us by using the modified semiempirical method.

INTRODUCTION

For the first time with the help of the Goddard high resolution spectrograph on the
Hubble space telescope, krypton has been detected in the spectra of the interstellar
medium [1], [2] which represents the material from which the young early type stars
(as e. g. Ap and Bp type stars where Stark broadening data are of interest) are formed
[3]. Moreover, krypton is present in many light sources and lasers as the working gas.
In the case of the Kr III spectrum only two experiments [4], [5] deal with the Stark
widths investigations of seven spectral lines. Calculations of the Kr III Stark widths
have been performed in Refs. [4], [6]-[10].

Up today there is no neither reliable Stark shift measurements, nor theoretical Stark
shifts for the Kr III spectral lines. In Ref. [11] Kr El line shifts have been investigated
but without the reliable plasma parameter determination so that the comparison with
our results is not possible.

In this work we will present measured and calculated Stark FWHM (full-width at
half intensity maximum, W) and Stark shift (d) values of eleven Kr III spectral lines.
Stark FWHM values of seven Kr III lines from these were not known before. The
present d values of Kr III lines are the first publication with reliably determined
plasma parameters in this topic.

Measurements have been performed at 17 000 K electron temperature and
1.65x1023 m-3 electron density in krypton plasma created in the linear, low pressure
pulsed arc discharge [12-15]. The W and d values have been calculated within the
frame of the modified semiempirical method [6, 16-22] for the electron temperature
range between 10 000 K and 70 000 K.
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DISCUSSION
The needed atomic energy levels for Kr III have been taken form Ref. [23]. In the

case of the Kr III spectral lines (Table 1 and Fig. 1) one can conclude that our measured
(Wm) and calculated (Wth) values show very good mutual agreement (Wm/Wth ratios
in Table 1). Absence of the knowledge of the complete set of perturbing energy levels in
the case of the 5sfl-5p" and 4d"-5p" transitions make the calculations of W values
possible only within the frame of the Simplified semiempirical method [6],
Experimental Stark FWHM values from Ref. [4] agree with our calculated values (and
with those from Ref. [9]) within few percents. Contrary, the measured W values from
Ref. [5] lie above our (and Ref. [9]) results (see in Fig. 1 results for the 5s 5S° - 5p 5P
multiplet), especially around the electron temperature of 40 000 K, up to the factor 2. It
should be pointed out that the theoretical W values [10], calculated by using the
quasiclassical Gaunt factor method [24], [25], show agreement with our calculations.
Calculations in Ref [10] have been performed only for the plasma conditions for
experiments in Ref. [5] and the results are given only for electron temperatures higher
than 37 000 K. The possible reasons for disagreement between measurements from Ref.
[5] and calculations from Ref. [10] have been discussed in detail in Ref. [5],

FIGURE 1. Stark FWHM (W) dependence on the
electron temperature for the most investigated Kr III
spectral lines belonging to the 5s-5p and 5s'-5p' transition
at 1x1023 m-3 electron density. —, our calculations by
using the modifed semiempirical approach. •, our
experimental results and those of other authors: A, Ref.
[4] and o, Ref. [5]. +, calculations by using the
quasiclassical Gaunt factor method [10] performed only
for the plasma parameters observed in the experiment in
Ref. [5]. The error bars include the uncertainties of the
width, electron density and temperature measurements.

5s 'W-5p' 3D
I = 336.00 nm

I = 352.50 nm

5s5S°-5p5P
I = 329.39 nm

10 20 30 40 50 60 70 T(103K)

In the case of the Kr III lines our measured
and calculated Stark shift values show different
signs. Calculations give negative d values while
the measured shifts are positive. One can see in Table 1 that shifts of the considered Kr
III spectral lines are almost an order of magnitude smaller than the corresponding
widths. Consequently the mutual cancellations of important contributions are so
significant that error bars of such results which might be as an upper limit around 50%
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of the width value are extended to the positive shift values too. Theoretical reasons for
the discrepancies between the signs of measured and calculated Kr HI shifts could be the
consequence of the complexity of the Kr III many electron atom and its spectrum where
the neglected optically forbidden transitions might have an important influence.

TABLE 1. Measured Stark FWHM (W J and shift (dj values for the Kr III lines at an electron
23 m"3.temperature (T) of 17 000 K and electron density (N) of 1.65X10 m". WJW^ presents the ratio

between our measured (W^ and calculated (Wth) values. Positive shift is toward the red.
Transition

5s-5p

5s'-5p'

5s"-5p"

4d"-5p"

Multiple!
5S°2-5Pi5s°2-5P25S° 5P
3S°r

3P2
3D°2-3D2
3DV3F2
3D°3-3F4
3D°3-3P2
3P0r3D3
3P°2-3P2
3D°2-3D3

X[nm]
335.19
332.58
324.57
350.74
343.95
326.85
326.49
302.44
337.49
304.69
302.23

Wm[nm]
0.0308
0.0290
0.0300
0.0328
0.0306
0.0261
0.0214
0.0280
0.0480
0.0395
0.0455

dm [nm]
0.0032
0.0031
0.0026
0.0020
0.0021

0.0015
0.0011
0.0013
0.00
0.00

Wn/Wth
1.09
1.04
1.13
0.99
1.01
1.20
0.99
0.91
1.45
1.45
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Abstract. Using the Modified Semiempirical Method we have calculated the electron-
impact widths for four singly and doubly ionized zirconium UV lines of astrophysical
importance. Using the SYNTH and ATLAS9 codes for stellar atmospheres similiar to
that of the HgMn star x Lupi we have synthesized the line profiles and found equivalent
widths for these lines. The influence of the Stark broadening effect on abundance
determination and its contribution to the so-called "zirconium conflict" are discussed.

INTRODUCTION

Electron-impact broadening is the main pressure broadening mechanism in early-
type star atmospheres [1]. The available abundance analyses show that about 10%
- 20% of A and B type stars have abundance anomalies (CP stars). Studies of
HgMn stars show that zirconium is often overabundant in these stars [2-5].

The zirconium abundance determined from Zr II lines is quite different from the
abundance determined from Zr III lines in the HgMn star % Lupi [4,5]. This is the
so-called " zirconium conflict". It was supposed that this difference is probably due
to a non-adequate use of theoretical stellar models, e. g., if the influence of non-LTE
effects or diffusion are not taken into account [5].

RESULTS AND DISCUSSION

In order to investigate the influence of Stark broadening on the "zirconium con-
flict" , we have calculated Stark broadening widths for two Zr II and two Zr III lines
using the Modified Semiempirical Method [6,7]. These lines are: Zr II 232.47 nm
(4d5s5p t;2F5°/2 -4d25s 62G7/2)5 Zr II 193.85 nm (4d5s5p v2D%/2 - 4d25s a2J93/2), Zr
III 194.105 nm (4d2 3P2 - 4d5p 3F2°) and Zr III 194.023 nm (4d2 1G4 - 4d5p 1F$).
In Table 1, the Stark widths calculated for these four spectral lines are given for
an electron density of 1023 m~3 and temperatures from 5000 K up to 50000 K.

After calculation of the widths, we have synthesized the line profiles using the
SYNTH code [8] and Kurucz's ATLAS9 code [9] for a stellar atmosphere model
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TABLE 1. Full Stark widths for two Zr II and two Zr III UV lines of astrophysical
importance. The electron density is 1023 m~3.

Spectral line

Zrll
232.47 nm

Zrll
193.85 nm

T(K)
5000
10000
20000
30000
40000
50000
5000
10000
20000
30000
40000
50000

W (10~2 nm)
1.220
0.859
0.626
0.546
0.508
0.491
0.765
0.537
0.387
0.333
0.307
0.294

Spectral line

Zrlll
194.105 nm

Zrlll
194.023 nm

T(K)
5000
10000
20000
30000
40000
50000
5000
10000
20000
30000
40000
50000

W (1Q-2 nm)
0.474
0.332
0.231
0.187
0.161
0.144
0.459
0.321
0.224
0.181
0.156
0.140

(Teff = 10000 K, log g = 4.0) which is similiar to the atmosphere of the % Lupi
star (Teff = 10650 K, log g = 3.8 [10]). In Table 2 we present the ratios of the
equivalent widths (EW) for the two Zr II and the two Zr III lines calculated with
and without Stark broadening as a function of zirconium abundance.

TABLE 2. The ratio of equivalent widths for two Zr II and two Zr III spectral lines
calculated with and without Stark broadening as a function of zirconium abundance.

log(JVZr/JVH)

-6.0
-6.5
-7.0
-7.5
-8.0

Zrll
232.47 nm

1.062
1.032
1.017
1.009
1.005

Zrll
193.85 nm

1.073
1.038
1.019
1.010
1.006

Zrlll
194.023 nm

1.172
1.099
1.049
1.023
1.012

Zrlll
194.105 nm

1.211
1.136
1.073
1.035
1.017

As one can see from Table 2, the electron-impact broadening effect is more impor-
tant in the case of higher zirconium abundance. The EW increases with zirconium
abundance for all lines, but the EW is more sensitive for Zr III lines than for Zr II
lines. This may cause errors in abundance determination if the Stark broadening
effect is not taken into account. The zirconium abundance is higher if determined
from Zr III lines than from Zr II lines. Although the zirconium conflict in the
HgMn star % Lupi cannot be explained only by this effect, one should take into
account that this effect may cause errors in abundance determination.

Electron-impact broadening parameters for two Zr II and 30 Zr III lines are given
in Ref. [11] and are included, together with other Stark broadening parameters for
various elements, in the Belgrade Astronomical Database (BELDATA), internet
address http://www.aob.bg.ac.yu/BELDATA.
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Abstract. Ionized manganese lines are of interest for the analysis and modelling of stellar spectra as 
well as for the modelling and consideration of sub photospheric layers. Recently, a disagreement of 
up to 5.7 times is found between experimental and calcidated Stark widths and shifts of Mn II lines. 
As one of possible reasons, the hfs spUtting was assumed. In order to investigate the reasons for 
this, we performed more sophisticated calcinations for two Mn II lines, by using the semiclassical 
perturbation theory. Moreover, we made a detailed analysis of the influence of hfs spUtting on 
the considered experimental residts. Also, the obtained residts were used for the investigation 
of the influence of Stark broadening on Mn II spectral Une profiles in DB white dwarfs. It was 
demonstrated the importance to take into account Stark broadening mechanism for the analysis of 
DB white dwarf spectra. The obtained data and conclusions are of interest for a number of problems 
in stellar and Solar physics, like spectrum analysis and synthesis, radiative transfer and modelUng 
of sub photospheric layers. 

Keywords: plasma; stars: Unes profiles, white dwarfs 
PACS: 32.70.Jz; 95.30.Dr; 97.10.Ex 

INTRODUCTION 

Spectral lines of the ionized manganese are present in stellar spectra and even a special 
class of chemically peculiar stars, the so called HgMn stars [see e.g. 1, 2] exists. For 
plasma conditions in hot star atmospheres, as Ap stars or white dwarfs, hydrogen 
is mainly ionized and Stark broadening is the main pressure broadening mechanism, 
influencing spectral line shapes. For example in [3, 4] is shown that in atmospheres of 
A stars exist conditions where Stark widths are larger than, or comparable with, the 
corresponding thermal Doppler widths. Stark broadening parameters, spectral line full 
width at half intensity maximum (FWHM) - W, and shift - d for 16 Mn 11 multiplets, 
are determined within the modified semiempirical approach [5,6] in [7, 8]. AdditionaUy, 
Stark widths for Mn 11 a^D - z^P° multiplet, are obtained in [9] by using the semiclassical 
theory [10,11], the modified semiempirical theory [5] and Griem's semiempirical theory 
[12]. Moreover, for Mn 11 a^S - z^P° multiplet, width and shift, estimated on the basis 
of regularities and systematic trends, are given in [13]. 

In an experimental study [14] are determined Stark broadening widths and shifts for 
11 Mn 11 lines, and a disagreement up to a factor of 5.7 with theoretical results of [7]was 
found. As possible reasons in [14]are given: (i) "It should be pointed out that the calcu-
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lations [7] are performed using the modified semiempirical approximation which gives, 
generaUy, lower W values than the more sophisticated semiclassical approximation." 
(ii) "Inclusion of the helium ions, as perturbers, in the sophisticated semiclassical theory 
may lead to increase of the theoretical Mn II and Mn III Stark width values in hehum 
plasma. Future calculations in this way would be helpful." 

Also, the hfs splitting is discussed in Ref. [14] and the authors emphasize that due 
to the large Doppler broadening they had no possibility to monitor Stark broadening 
of particular hfs component, but only "equivalent light intensity distribution caused by 
Doppler broadening." 

One of the aims of this contribution is to analyze disagreement of experimental [14] 
and theoretical results [7], but also to investigate the influence of Stark broadening 
mechanism on Mn II line profiles in DB white dwarf spectra and to provide new Mn 
II data needed for stellar plasma analyzing and modelling. Consequently, we performed 
more sophisticated than in [7], calculations for six Mn II lines, by using the semiclassical 
perturbation theory ([15, 16, 17], see also a review of updating and innovations in 
[19, 18]). AdditionaUy, ionized hehum impact broadening calculations were performed 
and a detailed analysis of the influence of hfs splitting on the experimental results of 
[14] was made. 

CALCULATIONS WITHIN THE SEMICLASSICAL THEORY 

For the calculations, the semiclassical perturbation formalism, developed and discussed 
in detail in [15, 16] was used. AU details of the calculations and the complete results for 
the Stark broadening parameters for six Mn II lines will be given in [20]. As an example 
of results obtained, in Table 1, electron-impact broadening parameters (full width at 
half maximum W and shift d) for 2 Mn II lines for perturber density of lO^^cm^^ and 
temperatures from 5000 to 100000 K, are shown. In order to check the possible influence 
of configuration interactions on disagreement between the experiment and theory, the 
first set of values is calculated with the included estimated maximal contribution of 
forbidden transitions registered in [21]. The second set of values, denoted by ('), is 
calculated taking into account only dipoly aUowed transitions, as in [7, 8] [also see 
5]. 

In Table 2, our calculations are compared with experimental results in [14]. One can 
see that one part of disagreement may be explained by more sophisticated, semiclassical 
perturbation calculations, inclusion of configuration mixing and proton-impact broaden­
ing, but the disagreement of up to a factor of 2.39 for the width is stiU large. 

HYPERFINE STRUCTURE - HFS 

In ionized manganese spectrum the hfs sphtting may influence on spectral line profiles 
[14, 22, 23, 24]. It is stated in [14] that it is not possible to measure the hfs components, 
but only the whole line profile, due to large Doppler width. Here we will consider how 
much the hfs sphtting can affect the measured [14] Doppler and Lorentz line widths. 
Note here, that all hfs components of a line should be with the same Lorentz and Doppler 
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TABLE 1. Electron-impact broadening parameters (Ml width at half maximum 
W and shift d in [A]) for 2 Mn II lines for perturber density of lO'^cm^^ and 
temperatures from 5000 to 100000 K. The first set of values is calcidated with 
the included estimated maximal contribution of forbidden transitions registered 
in [21], The second set of values, denoted by ('), is calcidated taking into account 
only dipoly allowed transitions. 

Transition 

a ^S - z ^P" 
2594.5A 

a 5S - z Sp" 
2950.1A 

T[K] 

5000 
10000 
20000 
30000 
50000 
100000 

5000 
10000 
20000 
30000 
50000 

W,[A] 

0.128 
0.948E-01 
0.702E-01 
0.598E-01 
0.507E-01 
0.435E-01 

0.226 
0.165 
0.121 
0.102 

0.884E-01 

d.[A] 

0.236E-03 
-0.996E-03 
-0.116E-02 
-0.956E-03 
-0.128E-02 
-0.118E-02 

-0.394E-01 
-0.302E-01 
-0.234E-01 
-0.193E-01 
-0.168E-01 

W,[A] 

0.141 
0.102 

0.740E-01 
0.621E-01 
0.516E-01 
0.433E-01 

0.176 
0.130 

0.969E-01 
0.830E-01 
0.713E-01 

d,[A] 

0.924E-04 
-0.756E-03 
-0.858E-03 
-0.726E-03 
-0.924E-03 
-0.921 E-03 

-0.653E-03 
-0.253E-02 
-0.258E-02 
-0.209E-02 
-0.282E-02 

100000 0.800E-01 -0.137E-01 0.619E-01 -0.257E-02 

TABLE 2. The comparison between experimental and theoretical Stark broadening pa­
rameters 

Transition "W r A l A r A l Wm dm Wm dm Wm dm 
VVmLf̂ -l Umlf^-l WpD dpD We de We+Wi de+d, 

3d5('5S)4s-3d5('5S)4p 
a ^ S - z ^ P " 0.182 -0.008 5.44 1.00 2.76 4.00 2.39 2.67 

2594.5A 

3d5('5S)4s-3d5('5S)4p 
a ^ S - z ^ P " 0.208 -0.026 4.28 2.32 1.80 1.18 1.60 0.96 

2950.1A 

widths, which depend on the conditions in the plasma. 
First we simulated numerically the case where the Lorentzian (WL) and Doppler (WD) 

widths are the same, but taking different ratios between the widths and hfs sphtting 
(wLfi/Dhfs), assuming only two components in hfs. We calculated the sum of the two 
components and after that fit the total profile with Voigt function. As one can see in Fig. 
1, this effect can lead to significant differences in the estimation of widths, but only in the 
case where WLfl/Dufs < 3. In the case where WLfl/Dufs > 3 this effect is negligible (the 
differences between measured widths of components and composite profiles are a few 
percentage). It is interesting that in the first case, the Doppler width can be overestimated 
in difference with the Lorentz width that is underestimated. 

In order to simulate the influence of the hfs to the line profile, in this case we adopted 
the Doppler width given by [14] and Stark widths (wst) given by [7]. First we assume 
that all of the profiles have the same widths (WL and WD), and after summation of the 
hfs components we obtained a composite profile (see Fig. 3). After that we fitted the 
composite profile with a Voigt one. From the best fit we obtain Wj, and WD- We found 
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FIGURE 1. The ratio between the real widths of the hfs components Wiifs and determined ones 
measured (WD is denoted with fall, and Wi with open circles) fi-om the composite profile, for different 
ratios of wm)/Dkfs (where Dk/s is hfs spUtting between two hfs components). The Lorentz and Doppler 
widths are taken to be the same. 
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FIGURE 2. The hfs components (dashed line, below), their sum (faU circles) and the best fit with the 
common Voigt profile (solid line) for Mn II 260.6459 nm (left) and 259.4497 nm (right). The intensity 
ratio of components is taken from Table 6 given in [24] 

that the Doppler width is shghtly larger (around 5%) and Lorentz one is slightly smaller 
(around 2%) than originally included in each component. Note here that the influence 
of hfs can affect the line shifts. In the considered cases for Mn II 260.6459 nm it is 
negligible, but for Mn II 259.4497 nm we found dh/s = +1.6 pm, which is an order of 
magnitude of measured and calculated Stark shift for this line. 

At the end, an additional test have been performed, assuming that in the case of Mn II 
259.4497 nm line, each component has the Doppler width (FWHM) of 9.7 pm and Stark 
of 2.8 pm. Then we fixed Doppler FWHM as 5.5 pm (around 1.7 times smaller than 
taken in each component) and fit the composed line profile. From the fit, we obtained 
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FIGURE 3. The best fit of composite line profile of Mn II 259.4497 nm where the Stark width is 
obtained as 2.4 times larger than was taken in each component. The horizontal lines represent the intensity 
at 10% (dashed line) and 5% (solid line) of maximal intensity. 

that Stark width is overestimated around 2.4 times. But as can be seen in Fig. 2, there is 
disagreement between the best fit (solid line in the Fig. 2) and composite profile (dots in 
the figure) only in the wings, i.e. the part of profile with intensity smaller than 10% of 
maximal intensity (dashed horizontal line in the figure, solid horizontal line represents 
5% of maximal intensity). Therefore, one can conclude that in the case where the line 
wings in experiment are not well defined/measured (e.g. a big noise in line wings), it 
may significantly affect the measured Stark widths. 

As it can be seen from tests performed above, there is possibility that the Lorentz 
contribution (as well as Doppler) to the composite line profile in the case of hfs can be 
overestimated (underestimated). The effects of hfs on measured value of Stark width 
in [14] might be present. Consequently, a part of disagreement between theoretical and 
measured Stark broadening parameters might be due to this effect, but the question of 
such big differences between measured [14] and calculated [7] values of Stark width 
stay open. 

INFLUENCE OF STARK BROADENING IN DB WHITE DWARF 
ATMOSPHERES 

In order to investigate the importance of Stark broadening mechanism in DB white dwarf 
atmospheres the atmospheric models of Wickramasinghe [25], with T^ff = 15000 K and 
log g from 7 to 9, are used. Here, g is the gravitational acceleration on the stellar surface 
and log g=l means that g = lO'* m/s. Calculated thermal Doppler and Stark widths as a 
function of optical depth, for Mn II a ^S - z ^P° (2950.1 A) spectral line, are compared in 
Fig. 4 for DB white dwarfs. As in [25], optical depth points at the standard wavelength 
5150 Aare used. As one can see, for DB white dwarf atmospheres the Stark broadening 
mechanism is important, especially for atmospheric layers with the optical depth larger 
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FIGURE 4. Thermal Doppler and Stark widths for Mn II spectral Une a ^S - z ^P" (2950.1A) as a 
function of optical depth for DB white dwarf models [25] with Teyy=15000 K and log g from 7 to 9. 

or approximatively equal to 0.1, where the Stark width is up to one or two orders of 
magnitude larger than the thermal Doppler width. 

Consequently, in DB white dwarf atmospheres exist conditions, where Stark broad­
ening is the principal broadening mechanism influencing line shape formation. 

CONCLUSIONS 

From our investigation one can conclude: 
a) In DB white dwarf atmospheres the Stark broadening is important and should be 

taken into account. 
b) The SC theory gives larger widths than MSB, and consequently the calculated 

values of Stark widths are in better agreement with experimental ones given in [14], but 
agreement between experiment and theory {wexp/wth ~ 1-80 — 2.76) is still not good. 

c) The inclusion of proton-impact contribution, and configuration interaction effects 
could not explain the difference between experiment and theory {wexp/wth ~ 1-60 — 
2.39). 

d) The hfs effects can affect measured value of Stark widths, especially if the Doppler 
contribution is underestimated in fitting procedure of the composite line profile. In 
this case the Stark width can be significantly overestimated (e.g. Mn II 259.4497 nm), 
especially if the wings of measured line are with big noise. 
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At the end, let us stress that new measurements of Stark broadening parameters for Mn 
II lines are needed, especially in the plasma with lower temperature in order to explain 
such big differences between the experimental and theoretical values. 
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Abstract. In spite of the fact that tellurium is one of the least abundant element in the Earth's 
litosphere, its cosmic abundance is larger than for any element with atomic number greater than 
40, and its spectral lines are observed in stellar spectra. Since the significance of trace element 
spectral data, including Stark broadening parameters, increases with the development of space-bom 
spectroscopy, we investigate here theoretically the influence of collisions with charged particles on 
spectral lines of neutral tellurium. By using the semiclassical perturbation method. Stark widths 
and shifts of three Te I spectral lines, of interest for modeUisation, investigation and diagnostic 
of stellar plasma have been obtained. Residts were applied for the investigation of the influence 
of Stark broadening mechanism in idtraviolet, optical and infrared part of the spectrum of A-type 
star atmospheres.The obtained residts demonstrate that, in the considered case, Stark broadening 
is more important in optical and infrared, than in the ultraviolet part of the spectrum, and that this 
effect shoidd be taken into account for the considered, A-type stellar atmosphere model. 

Keywords: Stark broadening; Une profiles; atomic data; stellar atmospheres. 
PACS: 32.70.Jz; 95.30.Ky; 97.10Ex 

INTRODUCTION 

Tellurium lines are of astrophysical interest due to their presence in stellar atmospheres. 
For example, in Ref [1], is reported, that in Procyon photosphere spectrum one line of 
tellurium is identified, and used to determine the abundance of this element. Here, we 
will calculate within the semiclassical perturbation approach [2, 3] the Stark broadening 
parameters of three Te I spectral lines as a function of electron density for temperatures 
between 2500 K and 50000 K, particularly interesting for stellar plasma investigations. 
The obtained results will be used for an analysis of the influence of Stark broadening in 
the A type stellar atmospheres. 

THEORY 

Calculations have been performed within the semiclassical perturbation formahsm, de­
veloped and discussed in detail in [2, 3]. This formahsm, as well as the corresponding 
computer code, have been optimized and updated several times (see e.g. [4, 5, 6]). 

Within this formalism, the full width of a neutral emitter isolated spectral line, broad­
ened by electron impacts, can be expressed in terms of cross sections for elastic and 

CP934, Flows, Boundaries, Interactions 
edited by C. Dumitrache, V. Mioc, and N. A. Popescu 

© 2007 American Institute of Physics 978-0-7354-0445-8/07/$23.00 

202 

Downloaded 13 Sep 2007 to 131.130.36.55. Redistribution subject to AIP license or copyright, see http://proceedings.aip.org/proceedings/cpcr.jsp



TABLE 1. This table shows electron-, and proton-impact broadening parameters for 
Te I, for a perturber density of 10^* cm^^ and temperatures from 2500 up to 50000 K. 
The quantity C (given in A cm^^), when divided by the corresponding fall width at half 
maximum, gives an estimate for the maximum perturber density for which tabulated data 
may be used. The asterisk identifies cases for which the collision volume midtiplied by the 
pertorber density (the condition for validity of the impact approximation) lies between 0.1 
and 0.5. For higher densities, the isolated line approximation used in the calculations breaks 
down. Here, T is the temperature, W^ and Wp denotes fall line width at half maximum in 
A, while d» 

TRANSITION T(K) W,(A) d.(A) Wp(A) dp(A) 

Tel 
5p'* 3p _ 6s ̂ S" 
(2372.7 A) 
C=0.57E4-19 

Tel 
6s5s''-7p5p 

(5125.2 A) 
C=0.57E4-19 

Tel 
es^S^-ep^P 
(9903.9 A) 
C=0.99E4-20 

2500 
5000 
10000 
20000 
30000 
50000 

2500 
5000 
10000 

20000 
30000 
50000 

2500 
5000 
10000 
20000 
30000 
50000 

0.387E-02 
0.457E-02 
0.548E-02 
0.625E-02 
0.656E-02 
0.687E-02 

0.125 
0.146 
0.170 

0.196 
0.212 
0.230 

0.143 
0.151 
0.170 
0.194 
0.209 
0.226 

0.343E-02 
0.399E-02 
0.467E-02 
0.531E-02 
0.547E-02 
0.533E-02 

0.758E-01 
0.912E-01 
0.944E-01 

0.894E-01 
0.770E-01 
0.638E-01 

-0.698E-01 
-0.808E-01 
-0.948E-01 
-0.109 
-0.113 
-0.112 

0.106E-02 
0.118E-02 
0.133E-02 
0.149E-02 
0.159E-02 
0.173E-02 

*0.818E-01 
*0.842E-01 
0.855E-01 

0.865E-01 
0.871E-01 
0.880E-01 

0.680E-01 
0.688E-01 
0.697E-01 
0.707E-01 
0.714E-01 
0.724E-01 

0.925E-03 
0.107E-02 
0.122E-02 
0.138E-02 
0.149E-02 
0.162E-02 

*0.180E-01 
*0.215E-01 
0.251E-01 

0.288E-01 
0.311E-01 
0.341E-01 

-0.188E-01 
-0.217E-01 
-0.248E-01 
-0.282E-01 
-0.303E-01 
-0.331E-01 

inelastic processes as 

Wif ,4 -Oel] 

and the corresponding line shift as 

KD 

vf{v)dv / 27tpdpsm2<j)p 
Rs 

(1) 

(2) 

Here, A;/ is the wavelength of the line originating from the transition with the initial 
atomic energy level / and the final level / , c is the velocity of light, Wg is the electron 
density, /(v) is the Maxwellian velocity distribution function for electrons, and p de­
notes the impact parameter of the incoming electron. The inelastic cross section CJJJ/(V) 

is determined according to Chapter 3 in [2], and elastic cross section cjg/ according to [2]. 
The cut-offs (needed for the calculation of inelastic and elastic cross sections and R3), 

203 

Downloaded 13 Sep 2007 to 131.130.36.55. Redistribution subject to AIP license or copyright, see http://proceedings.aip.org/proceedings/cpcr.jsp



0.01 

0.001 

0.0001 

1e-005 

1e-006 

1e-007 

FIGURE 1. Thermal Doppler and Stark widths for Te 1 Sp'^ ^p _ gg ^S" (2372.7 A) multiplet as functions 
of optical depth for an A type star (r^yy = 10000 K, log g = 4.5). 
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0.0001 

1e-005 

FIGURE 2. Thermal Doppler and Stark widths for Te 1 6s ^S" - 7p ^P (5125.2 A) multiplet as functions 
of optical depth for an A type star (Te/f = 10000 K, log g = 4.5). 

included in order to maintain for the unitarity of the S-matrix, are described in Section 1 
ofChapter3in[2]. 

The formulae for the ion-impact broadening parameters are analogous to the formulae 
for electron-impact broadening. We note that the fact that the colliding ions would be 
impact in the far wings should be checked, even for stellar densities. 
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FIGURE 3. Thermal Doppler and Stark widths for Te I 6s ^S" - 6p ^P (9903.9 A) multiplet as functions 
of optical depth for an A type star (r^yy = 10000 K, log g = 4.5). 

RESULTS AND DISCUSSION 

Atomic energy levels needed for calculations have been taken from Ref. [7]. The oscil­
lator strengths have been calculated within the Coulomb approximation ([8], and using 
the tables in Ref. [9]). For higher levels, the method of van Regemorter et al. has been 
used [10]. 

In Table 1, as a sample of our results, electron-, and proton-impact broadening param­
eters for three Te I spectral lines for a perturber density of lO^^cm^^ and temperatures 
from 2500 up to 50000 K, are shown. The complete results, with a detailed analysis, will 
be published in [11]. 

We used the obtained results for the investigation of the influence of Stark broadening 
in A type star atmospheres in different parts of the spectrum. Consequently, we took one 
multiplet in the ultraviolet (UV) (2372.7 A), one in the visible (5125.2 A), and one in 
the infrared (IR) (9903.9 A) part of the spectrum. 

Stark widths of 5p'* ^P - 6s ^S" (2372.7 A) multiplet in UV have been compared 
in Fig. 1 with Doppler widths for a model (Tgŷ ŷ =10000 K, log g= 4.5) of A type star 
atmosphere [12]. Our results are presented as a function of Rosseland optical depth - log 
T. The mentioned model for the stellar atmosphere has been used for two other spectral 
lines, for Te 16s ^S° - 7p ^P (5125.2 A) multiplet in optical part of the spectrum, and for 
Te 16s ^S" - 6p 5p (9903.9 A) multiplet in the IR (see Fig. 2. and 3.). 

One can see that for the investigated case, the influence of Stark broadening mech­
anism is more pronounced in the optical and infrared part of the spectrum than in UV. 
We can see in Figs. 2 and 3 that for considered optical and IR Te I lines, exist layers in 
the stellar atmosphere where Stark broadening is dominant or equal to thermal Doppler 
broadening. For example. Stark width is larger than Doppler one for log T > 0.8 for the 
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5125.2 Aline. One should take into account however, that Stark broadened line profile is 
Lorentzian and Doppler broadened Gaussian, so that even when Stark width is smaller 
than Doppler one. Stark broadening might be important in the line wings. 

One can conclude that, for the considered atmosphere model. Stark broadening effect 
should be taken into account for neutral tellurium lines, in abundance determination and 
other investigations of stellar plasmas. 
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Influence of Collisions with Charged Particles on
Solar Type Star Spectra; Investigations on

Belgrade Astronomical Observatory
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Abstract. The significance of Stark broadening for Solar and stellar plasma research is discussed.
Since the influence of Stark broadening within a spectral series increases with the increase of
the principal quantum number of the upper level, the Stark broadening contribution may become
significant for Rydberg atoms and ions where the optical electron is weakly bound to the core.
Consequently, e.g. high member Balmer series lines may be used for Solar plasma diagnostic.
The importance of Stark broadening for sub photospheric layers modelling is discussed also. The
methods and results developed and obtained on Belgrade Astronomical Observatory and in Serbia
are principally discussed .

Keywords: Stark broadening - Solar Rydberg lines - subphotospheric layers - line profiles.
PACS: 32.70.Jz; 95.30.Ky; 97.10Ex

INTRODUCTION

Development of space astronomy and computers stimulates especially the need for
a large amount of atomic and spectroscopic data. Particularly large number of data
is needed for example for opacity calculations and stellar modelling. For example,
PHOENIX (see [1] and references therein) computer code for the stellar modelling
includes a database containing data for more than hundred millions atomic/ionic and
molecular transitions. The dramatic increase of accuracy and resolution is well illus-
trated in Fig. 1 where the χ Lupi UV spectrum obtained by IUE (International Ultra-
violet Explorer) and GHRS (Goddard High Resolution Spectrograph on Hubble Space
Telescope) are compared.

We will discuss here the astrophysical significance of Stark broadening data particu-
larly for Solar and stellar plasma research and the work on this field on Belgrade Astro-
nomical Observatory and Serbia.

ASTROPHYSICAL PLASMA CONDITIONS AND STARK
BROADENING

Plasma conditions in astrophysical plasmas are much more various than in labora-
tory plasma sources. Consequently, broadening due to interaction between emitter and
charged particles (Stark broadening) is of interest in astrophysics not only in usual but
also in extreme conditions which cannot be obtained in laboratory, like in the interstellar
molecular clouds or neutron star atmospheres.
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.
FIGURE 1. The UV spectrum of χ Lupi obtained with GHRS and with IUE satellite [2]. The full line
at GHRS spectrum is observed and the dotted synthesized one

In interstellar molecular clouds, typical electron temperatures are around 30 K or
smaller, and typical electron densities are 2-15 cm−3. In such conditions, free electrons
may be captured (recombination) by an ion in very distant orbit with principal quantum
number (n) values of several hundreds and deexcite in cascade to energy levels n−1,n−
2, ... radiating in radio domain. Such distant electrons are weakly bounded with the core
and may be influenced by very weak electric microfield. Consequently, Stark broadening
may be significant (see e.g. [3]).

For Teff > 104K, hydrogen, the main constituent of stellar atmospheres is mainly
ionized, and among collisional broadening mechanisms for spectral lines, the dominant
is the Stark effect. This is the case for white dwarfs and hot stars of O, B and A type.
Even in cooler star atmospheres as e.g. Solar one, Stark broadening may be important.
For example, the influence of Stark broadening within a spectral series increases with
the increase of the principal quantum number of the upper level [4-6] and consequently,
Stark broadening contribution may become significant even in the Solar spectrum [7-9].
For example, high member Balmer series lines may be used as a powerful diagnostic
tool in studying stellar atmospheres (see e.g. [10]).

On the other side of extreme conditions where Stark broadening is important are
neutron stars. The densities of matter and electron concentrations and temperatures in
atmospheres of such objects are orders of magnitude larger than in atmospheres of white
dwarfs, and are typical for stellar interiors. Surface temperatures for the photospheric
emission are of the order of 106 - 107 K and electron densities of the order of 1024 cm−3

[11], [12].
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LINE SHAPES AND STELLAR PLASMA RESEARCH

Line shapes enter in the models of radiative envelopes by the estimation of the quantities
such as absorption coefficient (κν), Rosseland optical depth (τRoss) and the total opacity
cross-section per atom σν (op). Let us take the direction of gravity as z-direction, dealing
with a stellar atmosphere. If the atmosphere is in macroscopic mechanical equilibrium
and with ρ is denoted gas density, the optical depth is

τν =
∫ ∞

z
κνρdz, (1)

κν = N(A, i)φν
πe2

mc
fi j, (2)

where κν is the absorption coefficient at a frequency ν , N(A, i) is the volumic density of
radiators in the state i, fi j is the absorption oscillator strength, m is the electron mass and
φν spectral line profile. Let us introduce an independent variable, a mean optical depth

τRoss =
∫ ∞

z
κRossρdz. (3)

For the Rosseland mean optical depth τRoss, κRoss is defined as

1
κRoss

∫ ∞

0

dBν
dT

dν =
∫ ∞

0

1
κν

dBν
dT

dν , (4)

where

Bν(T ) =
2hν3

c2 (ehν/kT −1)−1. (5)

Stark broadening parameters are needed as well for the determination of the chemical
composition of stellar atmospheres i.e. for stellar elemental abundances determination.
The method which uses synthetic and observed spectra and adjustment of atmospheric
model parameters to obtain the best agreement is well developed and applied to many
stars.

CALCULATION OF NEEDED STARK BROADENING
PARAMETERS AND THE MODIFIED SEMIEMPIRICAL

METHOD

When we need to calculate Stark broadening parameters of spectral lines, needed for
solar or stellar plasma analysis one of possibilities is to use the modified semiempirical
(MSE) approach [13-16], developed in Serbia for the calculation of Stark widths and
shifts for non-hydrogenic ion spectral lines. From its formulation in 1980, the considered
method has been applied successfully many times for different problems in astrophysics
and physics.
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In comparison with the full semiclassical approach [17-19] and the Griem’s semiem-
pirical approach [20] who needs practically the same set of atomic data as the more
sophisticated semiclassical one, the modified semiempirical approach [13-16] needs a
considerably smaller number of such data. In fact, if there are no perturbing levels
strongly violating the assumed approximation, for e.g. the line width calculations, we
need only the energy levels with ∆n = 0 and `i f = `i f ± 1, since all perturbing levels
with ∆n 6= 0, needed for a full semiclasical investigation or an investigation within the
Griem’s semiempirical approach [20], are lumped together and approximately estimated.
Here, n is the principal and ` the orbital angular momentum quantum numbers of the op-
tical electron and with i and f are denoted the initial and final state of the considered
transition.

Due to the considerably smaller set of needed atomic data in comparison with
the complete semiclassical [17-19] or Griem’s semiempirical [20] methods, the MSE
method is particularly useful for stellar spectroscopy depending on very extensive list of
elements and line transitions with their atomic and line broadening parameters where it
is not possible to use sophisticated theoretical approaches in all cases of interest.

The MSE method is also very useful whenever line broadening data for a large number
of lines are required, and the high precision of every particular result is not so important
like e.g. for opacity calculations or plasma modelling. Moreover, in the case of more
complex atoms or multiply charged ions the lack of the accurate atomic data needed for
more sophisticated calculations, makes that the reliability of the semiclassical results
decreases. In such cases the MSE method might be very interesting as well.

SIMPLIFIED MSE FORMULA

For the astrophysical purposes, of particular interest might be the simplified semiem-
pirical formula [15] for Stark widths of isolated, singly, and multiply charged ion lines
applicable in the cases when the nearest atomic energy level ( j′ = i′ or f ′) where a
dipolly allowed transition can occur from or to initial (i) or final ( f ) energy level of the
considered line, is so far, that the condition xjj′ = E/|Ej′−Ej| ≤ 2 is satisfied. In such a
case full width at half maximum is given by the expression (6):

W (Å) = 2.2151×10−8 λ 2(cm)N(cm−3)
T 1/2(K)

(0.9− 1.1
Z

) ∑
j=i,f

(
3n∗j
2Z

)2(n∗2
j − `2

j − `−1). (6)

Here, N and T are the electron density and temperature respectively, E = 3kT/2 is
the energy of perturbing electron, Z−1 is the ionic charge and n the effective principal
quantum number. This expression is of interest for abundance calculations, as well as for
stellar atmospheres research, since the validity conditions are often satisfied for stellar
plasma conditions.

Similarly, in the case of the shift

d(Å) = 1.1076×10−8 λ 2(cm)N(cm−3)
T 1/2(K)

(0.9− 1.1
Z

)
9

4Z2× (7)
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× ∑
j=i,f

n∗2
j εj

2`j +1
{(`j +1)[n∗2

j − (`j +1)2]− `j(n∗2
j − `2

j )}. (8)

If all levels `i,f± 1 exist, an additional summation may be performed in Eq. (16) to
obtain

d(Å) = 1.1076×10−8 λ 2(cm)N(cm−3)
T 1/2(K)

(0.9− 1.1
Z

)
9

4Z2 ∑
j=i,f

n∗2
j εj

2`j +1
(n∗2

j −3`2
j −3`j−1),

(9)
where ε = +1 for j = i and -1 for j = f .

SOME OTHER METHODS FOR STARK BROADENING
PARAMETER DETERMINATION DEVELOPED OR USED IN

BELGRADE

In a lot of cases such as e.g. complex spectra, heavy elements or transitions between
highly excited energy levels, the more sophisticated quantum mechanical approach is
very difficult or even practically impossible to use and, in such cases, the semiclassical
approach remains the most efficient method for Stark broadening calculations.

In order to complete as much as possible Stark broadening data needed for astrophys-
ical and laboratory plasma research and stellar opacities calculations we are making a
continuous effort to provide Stark broadening data for a large set of atoms and ions. In a
series of papers we have performed large scale calculations of Stark broadening param-
eters for a number of spectral lines of various emitters, within the semiclassical - per-
turbation formalism [17,18], for transitions when a sufficiently complete set of reliable
atomic data exists and a good accuracy of obtained results is expected. Our semiclas-
sical Stark broadening parameters, were used for different astrophysical problems, as
e.g. for comparison with theoretical results obtained within the Stark broadening theory
of solar Rydberg lines in the far infrared spectrum [21]. Also, our semiclassical results
for lithium [22] have been used for a study of the non-LTE formation of Li I lines in
cool stars [23] and our data for Mg I [24] for a non-LTE analysis of Mg I in the solar
atmosphere [25].

When reliable data do not exist, the knowledge on regularities and systematic trends
of line broadening parameters can be used for quick acquisition of new data especially
when high accuracy of each particular value is not needed. This method to quickly
estimate Stark broadening parameters, is mainly elaborated in Serbia (see e.g. [26-33]).
The aim of such studies is to find out how regularities and systematic trends can be
used to predict line widths and to critically evaluate experimental data. With the suitable
use of the knowledge of regularities and systematic trends, we might use the existing
experimental and theoretical values for the interpolation of new data needed in stellar
spectroscopy. One must take into account however, that the validity of systematic trends
and line broadening data is limited to the plasma conditions for which they are derived
and extrapolations are of low accuracy.
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Stark broadening research is a developed research field in Serbia, which has a critical
mass of scientists and due to its often interdisciplinary significance provides a good
basis for scientific collaboration. In Refs. [34-38] spectral line shapes investigations
in Yugoslavia and Serbia within 1962 - 2000 period has been reviewed. It is shown
that during this period 1427 (1222 by Serbian authors) bibliographic items have been
published by 179 Yugoslav authors (152 from Serbia, 26 from Croatia and 1 living
in France). Majority of these articles concern Stark broadening. These publications,
containing also citation analysis, offer additionally a possibility to analyze the results
of investigations and their applications in order to show possibilities for development of
collaboration.
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32. J. Purić, Zh. Prikl. Spektrosk. 63, 816, (1996).
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Abstract. Here we give a review of problems in solar and stellar plasma
investigations where Stark broadening data are of interest, as well as of some of
Belgrade school theoretical results in this research field.

1. Significance of Stark Broadening Data in Astrophysics

Broadening due to interaction between an emitter and charged particles (Stark
broadening) is of interest for solar and stellar plasma research, but also even for
extreme conditions in interstellar molecular clouds or neutron star atmospheres
investigations. It is first of all interesting for hotter stars like A-type stars,
PG1195-type stars and white dwarfs, where the hydrogen, the main constituent
of stellar atmospheres, is mainly ionized. Among the collisional broadening
mechanisms for spectral lines, the dominant is the Stark effect. However, even
in cooler star atmospheres, e.g. Sun, Stark broadening may be important for
studying of subphotospheric layers.

For the determination of chemical abundances of elements from equivalent
widths of absorption lines, for opacity calculations and stellar plasma modelling,
many complete sets of Stark broadening data, as many as the number of spectral
lines for different emitters are needed, since we do not know a priori the chemical
composition of a star.

The interest for a very extensive list of line broadening data is additionally
stimulated by the development of space born spectroscopy where an extensive
amount of spectroscopic information over large spectral regions of all kind of
celestial objects has been and will be collected, with increasing resolution, stim-
ulating the spectral−line−shape research.

2. Stark Broadening and Solar Plasma

For Solar plasma investigations, diagnostic and modelling, Stark broadening may
be of interest in several cases.

First of all, profiles of Solar H lines, especially higher members of Balmer
series may be affected by Stark broadening, particularly in active regions, where
electron density is higher than in surrounding areas. For example, investigating
the white light flare occured on 27 Oct. 1991 in an active region, Lee & Yun
(1995) have found that the lower Balmer lines observed during the flare activity
are broadened by Stark effect. Also Li et al. (1995) have found that solar promi-
nence H lines with shallow self reversal were influenced with this broadening
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mechanism. The evidence for Stark broadening in the Balmer lines have found
by Johns-Krull et al. (1997) in time-resolved high-resolution optical spectra of
a relatively large solar flare event which they observed on 1993 March 6.

One should take into account also that the influence of Stark broaden-
ing within a spectral series increases with the increase of the principal quantum
number of the upper level (see Dimitrijević & Sahal-Bréchot 1985 and references
therein) and consequently, Stark broadening contribution may become signifi-
cant for highly excited lines in the Solar spectrum (see Vince et al. 1985ab). For
example, high member Balmer series lines may be used as a powerful diagnostic
tool in studying stellar atmospheres. In Feldman & Doschek (1977), profiles of
Balmer series members with the principal quantum number n between 16 and
32 (strongly influenced by Stark effect) have been used to determine the elec-
tron density and the temperature over an active Solar region. Also Chang &
Deming (1997) have analyzed infrared (8 to 20 microns) spectra of a quiescent
and an active prominence and have identified a higher excitation hydrogen line
and two helium recombination lines and determined the electron density using
Stark broadening data. Stark broadening theory of solar Rydberg lines in the
far infrared spectrum is given in van Regemorter & Hoang-Binh (1993). The
theory of electron and proton broadening of solar lines is reviewed in Chang
& Deming (1998) and a non-LTE analysis of Mg I in the solar atmosphere is
performed in Zhao et al. (1998).

Also, for the estimation of radiative transfer through the solar subpho-
tospheric layers Stark broadening data are needed since with the increase of
electron density, the role of this line broadening mechanism increases.

3. Stark Broadening and Stellar Plasma Research

Stark broadening is the most significant pressure broadening mechanism for A
and B stars (see Fig. 5 for 38 Nd II lines in Popović et al. 2001). This effect
should be taken into account in investigations, analysis, and modelling of their
atmospheres. In Popović et al. (1999, 2001) and Dimitrijević et al. (2003) we
have shown that Stark broadening may change spectral line equivalent widths
by 10-45%; hence neglecting this mechanism may introduce significant errors
in abundance determinations. Stark data become extremely important after
discovering abundance gradients in the atmospheres of magnetic, chemically
peculiar (Ap) stars. High resolution spectra allow us to perform stratification
analysis using line profiles, and strong lines with developed wings provide us
with the most accurate information about distribution of the element through
the stellar atmosphere (see Dimitrijević et al. 2003 for Si and Dimitrijević et al.
2005 for Cr).

The influence of Stark broadening increases with temperature and with
electron density, so that for O star atmospheres, in spite of high temperature,
Stark broadening is much less important than for A stars due to lower electron
density. However, among the hottest stars are PG1159 stars, hot hydrogen
deficient pre-white dwarfs, with sufficient electron density and with effective
temperatures of around 100 000 - 140 000 K, where of course Stark broadening is
very important. The spectra, which are strongly influenced by Stark broadening,
are dominated by He II, C IV, O VI and N V lines.
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White dwarfs have effective temperatures between around 10 000 and 30 000
K so that Stark broadening is also of interest for their spectra investigation
and plasma research, analysis and modelling. Also, electron concentrations and
temperatures in atmospheres of neutron stars are typical for stellar interiors. In
Madej (1989), the final opacity profile of He-like iron resonant lines is described
by a Voigt profile, with a total damping parameter equal to the sum of natural
and Stark (electron - impact) broadening.

4. Stark Broadening Investigations on Belgrade Astronomical Ob-
servatory

In order to improve the quality and quantity of available Stark broadening data
needed for astrophysical and laboratory plasma research and stellar opacities
calculations, we are making a continuous effort to provide Stark broadening data
for a large set of atoms and ions. In a series of papers we have performed large
scale calculations of Stark broadening parameters for a number of spectral lines
of various emitters (see e.g. Dimitrijević 2003 and references therein). The used
semiclassical - perturbation formalism and all innovations and optimizations of
the computer code have been discussed several times (Dimitrijević & Sahal-
Bréchot 1996).

Our semiclassical Stark broadening parameters, were used for different as-
trophysical problems (see Dimitrijević 2003 and references therein). For example
in Solar plasma research, they were used for comparison with theoretical results
obtained within the Stark broadening theory of solar Rydberg lines in the far
infrared spectrum (van Regemorter & Hoang-Binh 1993), and for a non-LTE
analysis of Mg I in the solar atmosphere (Zhao et al. 1998).

We also developed the MSE Modified Semi-Empirical method (see Dimitri-
jević & Popović (2001) and references therein), which is useful whenever line
broadening data for a large number of lines are required, and the high preci-
sion of every particular result is not so important, e.g. for opacity calculations
or plasma modeling. Moreover, in the case of more complex atoms or mul-
tiply charged ions, lack of accurate atomic data which are needed for more
sophysticated calculations, makes that the reliability of the semiclassical results
decreases. In such cases the MSE method might be very interesting as well.

Belgrade group (Milan S. Dimitrijević, Luka Č. Popović, Vladimir Kršljanin,
Dragana Tankosić, Nenad Milovanović, Zoran Simić, Miodrag Dačić, Predrag
Jovanović) used the modified semiempirical method to obtain the Stark width
and in some cases shift data for a large number of spectral lines for the different
atom and ion species (see Dimitrijević & Popović (2001) and references therein).

In order to make the application and usage of our Stark broadening data
obtained within the semiclassical and modified semiempirical approaches more
easier, we are organizing them now in the database BELDATA on Belgrade
Observatory and MOLAT at Paris Observatory (see for details Dimitrijević &
Popović 2006).
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A New Approach of the GR Model

A. Antoniou1, E. Danezis1, E. Lyratzi1,2, L. Č. Popović3, M. S. Dimitrijević,3,4
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1. Introduction

In the spectra of Hot Emission Stars (Oe and Be stars) we observe peculiar line profiles.
In order to explain this peculiarity, we propose the DACs (Bates & Halliwell 1986) and
SACs phenomenon (Danezis et al. 2005). We study these phenomena using the GR
model, which presumes that the regions, where the spectral lines are created, consist
of a number of independent and successive absorbing or emitting density regions of
matter (Danezis et al. 2007). Here we are testing a new approach of GR model, which
assumes independent but not successive density regions. Then, we compare the results
of this method with the classical GR model that assumes successive regions.

2. Results - Conclusions

We study the density regions that produce the C IV (λλ 1548.155, 1550.774 Å) reso-
nance lines in the spectra of the Oe stars HD 57061, HD 93521, HD 47129, HD 24911
and HD 49798, as well as the Fe II (λ 2585.876 Å) spectral line in the spectra of the
Be stars HD 30386, HD 42335, HD 53367, HD 45910 and HD 200120. In Figs. 1
and 2 we present the results of our study. In all cases, comparing the results, the mean
values of all the kinematic parameters do not depend on the applied method. This is
what we theoretically expected. However, the method of the independent but not suc-
cessive layers of matter gives higher values of the absorbed energy than the method of
the independent and successive layers of matter.
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Figure 1.: Variation of the values of the rotational velocities (up-left), radial veloci-
ties (up-right), random velocities of the ions (down-left) and the total absorbed energy
(down-right) as a function of the effective temperature of the studied Oe stars in the C
IV (λλ 1548.155, 1550.774 Å) regions. The circles correspond to the case of indepen-
dent but not successive layers of matter, while the squares correspond to the case of the
independent and successive layers of matter.

Figure 2.: Variation of the values of the rotational velocities (up-left), radial veloci-
ties (up-right), random velocities of the ions (down-left) and the total absorbed energy
(down-right) as a function of the effective temperature of the studied Be stars in the Fe
II (λ 2585.876 Å) regions. The circles correspond to the case of independent but not
successive layers of matter, while the squares correspond to the case of the independent
and successive layers of matter.
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1. Introduction

The spectra of hot emission stars and AGNs present peculiar profiles that result from
dynamical processes such as accretion and/or ejection of matter from these objects. In
the UV spectra of hot emission stars and AGNs the absorption lines have DACs or
SACs that are shifted to the blue.

In the case of hot emission stars, DACs or SACs arise from spherical density re-
gions around the star or from density regions far away from the star that present spheri-
cal (or apparent spherical) symmetry around their own center (Bates & Halliwell 1986;
Danezis et al. 2005, 2006a). Similar phenomena can be detected in the spectra of AGNs.
Wind (jets, ejection of matter etc.), BLR (Broad Line Regions) and NLR (Narrow Line
Regions) are, probably, the density regions that construct these profiles of the spectral
lines (Danezis et al. 2006a).

In order to study the observed peculiar profiles in the spectra of hot emission stars
and AGNs, we use the GR model (Danezis et al. 2007). With this model we can re-
produce the complex profiles of the spectral lines and we can calculate some important
parameters of the density regions that construct the DACs-SACs, such as the apparent
rotational and radial velocities of the absorbing or emitting density layers, the Gaussian
typical deviation of the ions random motions and the optical depth in the center of the
absorption or emission components (direct calculations). Indirectly we can calculate
the random velocities of the ions, the FWHM, the absorbed or emitted energy and the
column density.

In this paper we indicate that DACs and SACs phenomena, can explain the spectral
lines peculiarity in hot emission stars and AGNs (Danezis et al. 2006b, 2008). We also
try to connect the physical properties of absorption regions around stars and quasars.
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Figure 1.: Up: DACs in the spectra of Hot Emission Stars (left) and AGNs (right).
Down: SACs in the spectra of Hot Emission Stars (left) and AGNs (right). Below the
GR model fit one can see the analysis of the observed profile to its DACs or SACs.

2. Results and Discussion

Here we applied the GR model (Danezis et al. 2005, 2007) in order to fit some stellar
and quasar’s absorption lines (see Fig. 1). In both cases we can find blue-shifted com-
ponents, which are indicating an outflow (wind) in both objects. However, there are
differences in the velocities, i.e. naturally the outflow velocities in quasars are higher
(∼ several 1000 km/s). But, the line profiles (as e.g. P-Cygni profile) in both objects
are similar, indicating that natural phenomena are similar, but with different physical
properties.

As we can see in Fig. 1 (up-right) we can detect the DACs phenomenon in the
spectra of some AGNs constructing complex profiles. The presence of DACs phe-
nomenon in the spectra of some AGNs leads us to search also for SACs in these spectra.
In Fig. 1 (down-right), using the GR model, we can see that the complex structure of
many AGNs’ spectral lines can be explained with SACs phenomenon.
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SPIG 2006 (Contributed Papers), 571



DACs/SACs in Hot Emission Stars and Quasars 307

Danezis, E., Nikolaidis, D., Lyratzi, E., Popović, L. Č., Dimitrijević, M. S., Antoniou, A. &
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1. Introduction

Assuming that the Broad Line Regions - BLR (originated in a disk wind) are com-
posed of a number of successive independent absorbing density layers, which have the
random, rotational and radial velocity, we used the GR model (Danezis et al. 2007) in
order to fit broad spectral lines. By fitting the observed absorption lines with the model
we take the basic parameters of BLRs (random, rotation and radial velocities and col-
umn density). This model supposes that the density regions of matter that construct the
BLRs are independent and successive.

Here we investigate the physical properties of Broad Absorption Line Regions
(BALRs) of the BALQSOs PG 0946+301 (Z=1.216) and PG 1254+047 (Z=1.024) by
applying the GR model on their spectra. Specifically, we study the C IV λλ 1548.187,
1550.772 Å, Si IV λλ 1393.755, 1402.77 Å, N V λλ 1238.821, 1242.804 Å UV reso-
nance lines and the Lya λ 1215.68 Å spectral line.

2. The method

In order to study the BALs and the BELs we use the GR model (Danezis et al. 2007),
which can be used successfully, for both hot emission stars and AGNs. By solving the
radiation transfer equations through a complex structure of successive and independent
layers of matter, we conclude to the function

Iλ =



Iλ0

∏

i

exp {−Liξi} +
∑

j

Sλej (1 − exp {−Lejξej})




∏

g

exp {−Lgξg}
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for the line profile, which is able to give the best fit for the main spectral line and its
Satellite Components at the same time.

In the GR line function, in the case of a number of independent and successive ab-
sorbing or emitting density layers of matter the final profile that is produced by a group
of absorption lines is given by the product of the line functions of each component.

An idea of our scientific group is to examine the form of GR line function if the
density regions of matter that produce the satellite absorption or emission components
are independent but not successive. In this case the GR line Function has the fowling
form Iλ = Iλ0

∑

i
exp {−Liξi} +

∑

j
Sλej (1 − exp {−Lejξej})

3. Results - Conclusions

We found that the peculiar profiles of the studies lines are created by a number of Satel-
lite Absorption Components (SACs). An exceptional phenomenon is that the C IV dou-
blet of PG 0946+301 is one of the very few lines presenting clearly Discrete Absorption
Components (DACs), in the case of quasars. Finally, we calculated some kinematical
parameters such as the apparent radial and rotational velocities of the regions that create
the studied lines, the random velocities of the ions and the total absorbed energy of the
same regions.

In both cases of PG 0946+301 and PG 1254+047 we observe that the mean values
of all the kinematic parameters and the absorbed energy do not change depending on the
applied method (successive and not successive layers of matter). In Fig. 1 we present,
as an example, the values of the rotational and radial velocities of the regions which
create the Lya, Si IV, C IV and N V spectral lines of PG 0946+301 and the random
velocities of the ions and the values of the total absorbed energy of the same regions,
calculated in the cases that the independent density regions of matter producing the
absorption or emission satellite components are successive (black circles) or not (white
circles).
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Figure 1.: Rotational Velocities (up-left), radial velocities (up-right), random velocities
(down-left) and total absorbed energy (down-right) taken from the analysis of the Lya,
Si IV, C IV and N V spectral lines in the case of successive (black circles) or not
successive (white circles) density regions. One can see that there is almost no difference
between the two cases.
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spectral absorption due to these processes together with the corresponding molecular 

photo-dissociation processes, in the atmosphere of the Sun and some DB white dwarfs. 

The standard models of the considered atmospheres have been used in the calculations. It 

has been established that the examined processes generate rather wide and firm molecular 

absorption bands in the UV and VUV regions, which should be taken into account at 

interpretation of the data obtained from measurements. 
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    We will consider and discuss actual status and plans for the future development 

and activity of  Serbian AOB (Astronomical Observatory – Belgrade) Node of Virtual 

Atomic and Molecular Data Center (http://www.vamdc.eu, VAMDC), an European 

Union funded FP7 project: Also, we will discuss activities, needed that AOB Node of 

VAMDC becomes a regional center for the connection of activities on atomic and 

molecular data, and  an organizer of regional trainings for students and potential users, as 

well as a VAMDC Node for  monitoring the needs of users in South Eastern Europe.  
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SPECTROSCOPY AS A TOOL FOR DETECTION OF  SUPERMASSIVE 

BINARY BLACK HOLES 

 

Luka Č. Popović 

 

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia, 

 

Spectroscopy can be very useful in detection of super-massive binary black  

holes. Here we will discuss the possible emission of gas around binary black  

hole, and  consider the changes in spectra (narrow and broad spectral lines)  

due to the existence of such objects. 
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Virtual Atomic and Molecular Data Center (http://www.vamdc.eu, VAMDC),   an 

European Union funded FP7 project  with the objective to create  a secure, documented, 

flexible and interoperable e-science environment-based interface to existing atomic and 

molecular data, will be presented in this review. It will also  provide a forum for 

dissemination and training of potential users.   

        Project leader is Marie-Lise Dubernet from  Observatoire de Paris and core 

consortium is made of 15 institutions with 24 scientific groups from France, Serbia, 

Russia, England, Austria, Italia, Germany, Sweden and Venezuela.    

   The VAMDC facilities will be first of all useful for Astronomy, Plasma science, 

Atmospheric Science Radiation science and Fusion community as well as Industries 

using technological plasmas and Lightning industry and will represent a powerful tool for 

a better and easier search for the needed atomic and molecular data and an efficace data 

mining.   
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The participants of AOB (Astronomical Observatory – Belgrade) VAMDC 

Node  are: Milan S. Dimitrijević, Luka Č. Popović, Andjelka Kovačević, Darko 

Jevremović, Zoran Simić, Edi Bon and Nenad Milovanović. Recently, in this activity is 

also included Veljko Vujičić.   

            In this lecture, we will consider VAMDC, a good example of the global 

collaborations and development of new facilities in e-science. Also, we will present AOB 

VAMDC Node and our plans for its further development.  
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The database STARK-B is a collaborative project between Laboratoire d’Etude 

du Rayonnement et de la matière en Astrophysique of the Observatoire de Paris-Meudon 

and the Astronomical Observatory of Belgrade. For the moment STARK-B contains 

Stark line broadening parameters (widths and shifts) obtained within the impact 

approximation using the semiclassical perturbation approach and the impact 

approximation. It is devoted for modelling and spectroscopic diagnostics  of stellar 

atmospheres and envelopes, as well as for laboratory plasmas, laser equipment, inertial 

fusion plasma and technological plasmas.   

STARK-B database is a part of the core of European Virtual Atomic and 

Molecular Data Center (http://www.vamdc.eu, VAMDC) e-infrastructure, one of the 

databases  upon which it is based.   

In this review, the STARK-B database will be presented as well as its connection 

with VAMDC.   
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The participants of AOB (Astronomical Observatory – Belgrade) VAMDC 

Node  are: Milan S. Dimitrijević, Luka Č. Popović, Andjelka Kovačević, Darko 

Jevremović, Zoran Simić, Edi Bon and Nenad Milovanović. Recently, in this activity is 

also included Veljko Vujičić.   

            In this lecture, we will consider VAMDC, a good example of the global 

collaborations and development of new facilities in e-science. Also, we will present AOB 

VAMDC Node and our plans for its further development.  
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by the Ministry of Education and Science of Republic of Serbia through the project 

III44002 "Astroinformatics and virtual observatories". After establishing SerVO and 

starting to digitize and archive photo plates and other astronomical data produced at 

Belgrade Astronomical Observatory, the aims are: i) To work on the development of  

SerVO and to join the EuroVO and IVOA; b) To develop SerVO data Center which will 

work on the  digitizing, archiving and publishing in VO format photo-plates; c) To work 

on the development  of tools for visualization of data; d) Make a regional node of Virtual 

Atomic and Molecular Data Center – VAMDC; e) Make a mirror site of STARK-B - 

Stark broadening data base containing as the first step Stark broadening parameters, 

obtained within the semiclassical perturbation approach and impact approximation, in 

VO compatible format;  f) Make a mirror site for DSED - Darthmouth Stellar Evolution 

Database  in the context of VO, and g) to put online electronic editions of serbian 

astronomical institutions.  

In this review, the SerVO will be presented, and its history, aims and future plans, 

as well as its connections with European Virtual Atomic and Molecular Data Center 

(http://www.vamdc.eu, VAMDC), and its node on Belgrade Astronomical Observatory 

will be considered.   
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            The structure of the broad line region (BLR) in active galactic nuclei  

(AGN) is still not well known. The BLR is close to the central  

supermassive black hole and may hold basic information about the formation  

and fueling of AGN, as well as of the mass of the black hole in the  

center.  

The AGN are highly variable objects. Especially their broad emission lines  

(BEL) are changing dramatically. The investigation of the BEL flux and  

profile variability in a long period is very useful for mapping the  

geometrical and dynamical structure of the BLR. 

Here we present the result of the long-term spectral optical monitoring of  

a well know radio-loud AGN 3c390.3 that exhibit interesting double-peaked  

BEL profiles. 
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Судари емитера и апсорбера са наелектрисаним 
честицама и звездана плазма 

Милан С. Димитријевић 
Астрономска опсерваторија, Волгина 7, 11060 Београд, Србија 
 
E-mail:mdimitrijevic@aob.bg.ac.yu 
 
Сaжетак. Судари емитера и апсорбера са наелектрисаним честицама, 
утичу на профиле спектралних линија звездане плазме, пошто услед 
цепања и померања енергетских нивоа атома у електричном пољу 
(Штарков ефекат) долази до ширења и померања линија у спектрима. 
У раду је анализирана важност Штарковог ширења оваквих линија за 
анализу, интерпретацију и синтезу звезданих спектара, анализу, 
дијагностику и моделирање звездане плазме и значај оваквих 
резултата за истраживања лабораторијске, фузионе и технолошких 
плазми као и за физику ласера. Размотрено је код каквих типова 
звезда и при којим истраживањима је Штарково ширење значајно и 
дискутовани су методи за теоријско одређивање параметара ширења 
спектралних линија. Такође је дат и преглед оваквих истраживања на 
Астрономској опсерваторији у Београду. 
Кључне речи: Штарково ширење, профили линија, звездане 
атмосфере, бели патуљци, радио рекомбинационе линије, 
неутронске звезде, атомски подаци, базе података 
PACS: 32.60.+j, 32.70.Jz, 52.20.Fs, 95.80.+p, 97.20.-w, 97.60.-s 

 

1. УВОД 

Спектрална линија није никада монохроматска. Увек је проширена 
због неколико разлога. Хајзенбергова релација неодређености показује 
да не можемо апсолутно тачно познавати координату и импулс честице. 
Може се показати (види нпр. [1]) да се ова релација може тако 



 

трансформисати да повезује ширину енергетског нивоа у атому и време 
живота електрона у таквом енергетском стању, односно што је време 
живота електрона краће то је енергетски ниво шири. Пошто је само у 
основном стању време живота електрона толико дуго да можемо да 
кажемо да његова ширина тежи нули, све спектралне линије имају неку 
ширину због ширине енергетских нивоа прелаза којим су настале. Таква 
ширина се назива природна и не зависи од температуре и густине 
честица (притиска) већ само од унутрашњих особина атома или јона 
који зрачи.  
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Осим овог узрока, линије могу бити проширене и услед Доплеровог 
ефекта. Пошто се емитери крећу хаотично, сваки емитовани фотон ће 
имати неки црвени или плави помак у зависности од компоненте брзине 
у правцу посматрача. Када се ови помаци саберу добиће се проширена 
спектрална линија. Профил доплеровски проширене линије је Гаусов, 
пошто је то расподела која описује случајне процесе или догађаје и овај 
механизам ширења зависи од температуре емитера.  

Судари такође доводе до ширења спектралних линија и овакви 
механизми ширења зависе од концентрације честица које пертурбују 
емитујући/апсорбујући атом или јон, односно притиска, па се једним 
именом зову ширење притиском. То су Штарково ширење услед судара 
са наелектрисаним честицама, Ван дер Валсово ширење или ширење 
сударима са неутралним атомима и резонантно ширење (види нпр. [1]). 

Занимљиво је колико података о звездама можемо сазнати анализом 
њиховог спектра. Анализом спектралних линија можемо одредити 
температуру звездане плазме, односно појединих слојева звездане 
атмосфере, њен хемијски састав и површинску гравитацију. Можемо 
боље разумети нуклеарне процесе у њеној унутрашњости, и одредити 
њен спектрални тип и ефективну температуру упоређивањем спектра 
звезде са стандардним спектрима за поједине типове. 

Истраживање Штарковог ширења је развијена научна област у 
Србији и бившој Југославији, која има критичну масу научника, и 
захваљујући и свом мултидисциплинарном значају пружа добру основу 
за успешну сарадњу. Аутор је публиковао преглед истраживања облика 
спектралних линија у Србији и Југославији са библиографијом и 
индексом цитата за период од првог рада објављеног 1962. до краја 
2000. године [2-6]. У том периоду је регистровано 1427 (1222 од 
српских аутора) библиографских јединица које је објавило 179 
југословенских аутора (152 из Србије, 26 из Хрватске и један 
Mакедонац који живи у Француској). Већина ових радова односи се на 
Штарково ширење.  
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У овом раду размотриће се значај Штарковог ширења за 
истраживања астрофизичке плазме и рад у овој научној области на 
Астрономској опсерваторији у Београду у Групи за Астрофизичку 
спектроскопију.  

 
 

2. УСЛОВИ У АСТРОФИЗИЧКОЈ ПЛАЗМИ И ШТАРКОВО 
ШИРЕЊЕ 
 

Хенри Расел је 1926. објавио у Астрофизичком журналу чланак [7] са 
анализом спектра Fe II у коме је пронашао 61 енергетски ниво на основу 
214 спектралних линија јонизованог гвожђа. У њему је написао да су 
сада „све линије од астрофизичког значаја класификоване“. Ипак, 1988. 
је у чланку Јохансона [8], изјављено да сада познајемо 675 енергетских 
нивоа Fe II, али да је 50% појединачних спектралних облика у 
астрофизичким спектрима високе резолуције, још некласификовано.  

То је последица чињенице, да су услови у астрофизичким плазмама 
невероватно разноврсни у поређењу са изворима лабораторијске плазме. 
Сходно томе, ширење спектралних линија услед интеракције између 
емитера/апсорбера и наелектрисаних честица (Штарково ширење) у 
астрофизици је од интереса у плазмама у тако екстремним условима као 
што су они у међузвезданим облацима молекуларног водоника или у 
атмосферама неутронских звезда, какви се не могу добити у 
лабораторијама.  

Типичне електронске температуре у међузвезданим молекуларним 
облацима су око 30 K или мање, а типичне електронске густине су 2-15 
cm-3. У таквим условима, јон може да захвати слободне електроне 
(рекомбинација) у веома удаљену орбиту са главним квантним бројем 
(n) чија је вредност неколико стотина, па и већа од хиљаду и да се 
каскадно деексцитује на енергетске нивое n-1, n-2,... зрачећи у радио 
домену. Такви удаљени електрони су слабо повезани са језгром и на 
њих могу утицати веома слаба електрична микропоља. Сходно томе, 
Штарково ширење може бити значајно (види нпр. [9]).  

У међузвезданим облацима јонизованог водоника, електронске 
температуре су око 10 000 K, а електронске густине реда 104 cm-3 [10]. 
На одговарајуће серије блиских радио рекомбинационих линија које 
потичу са енергетских нивоа са великим вредностима n (неколико 
стотина па и веће од хиљаду) утиче Штарково ширење [10]. 

За Teff > 104 K, водоник, главни конституент звезданих атмосфера је 
углавном јонизован, и међу сударним механизмима ширења 



 

спектралних линија, доминантан је Штарков ефекат. То је случај за беле 
патуљке и вреле звезде O, B и A типа. Чак и у атмосферама хладнијих 
звезда, као што је Сунце, Штарково ширење може бити значајно. На 
пример утицај Штарковог ширења у спектралним серијама расте са 
порастом главног квантног броја горњег нивоа [11-13] и за линије са 
већом вредношћу овог квантног броја допринос Штарковог ширења је 
значајан и у Сунчевом спектру [14-16].  
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На пример спектралне линије - високи чланови Балмерове серије 
могу се употребити као моћно дијагностичко средство за проучавање 
звезданих атмосфера. У раду Фелдмана и Дошека [17], употребљени су 
профили чланова Балмерове серије са главним квантним бројем n 
између 16 и 32 (на које значајно утиче Штарков ефекат), да би се 
одредила електронска густина и температура изнад активне области на 
Сунцу. Опсег густина (у cm-3) и температура (у K) од значаја за 
радијативне омотаче A и F звезда је 1014 cm-3 ≤ Ne ≤ 1016 cm-3; 104 К ≤ T ≤ 
4х105 К [18].  

Бели патуљци DA и DB типа имају ефективне температуре између 
око 10 000 К и 30 000 K тако да је Штарково ширење од значаја за 
интерпретацију и синтезу њихових спектара и за истраживање, 
моделирање и анализу њихових атмосфера. Спектри патуљака DA типа 
карактеришу се широким водониковим линијама (нпр. [19]), а код DB 
типа у спектру доминирају линије неутралног хелијума. Занимљиво је 
да је у спектрима белих патуљака откривено Земаново ширење, кога 
нема у лабораторијским спектрима [20]. Бели патуљци DO типа имају 
ефективне температуре од приближно 45000 К до око 120 000 К [21] и 
за истраживање плазме њихових атмосфера Штарково ширење може да 
буде веома значајно [22].  

Међу најтоплије звезде спадају оне типа PG1159, врели пре-бели 
патуљци са мањком водоника, чија ефективна температура се налази у 
опсегу од Teff = 100 000 K (нпр. за PG1424+535 и PG1707+427) до Teff = 
140 000 K (за PG1159-035 и PG1520+525), где је свакако Штарково 
ширење изузетно важно [23]. Ове звезде имају велику површинску 
гравитацију (log g = 7), и у њиховим фотосферама доминира хелијум и 
угљеник са знатним додатком кисеоника (C/He = 0.5 и O/He = 0.13) [23]. 
У њиховим спектрима, на које јако утиче Штарково ширење, 
доминирају линије He II, C IV, O VI и N V. 

У атмосферама неутронских звезда, густина материје, електронска 
концентрација и температура су за редове величине већи него у 
атмосферама белих патуљака, и типичне су за унутрашњост звезда. 
Температуре на којима се одвија емисија из фотосфере су реда 106 - 107 



 

K, а електронске густине реда 1024 cm-3 [24,25]. У реф. [25], финални 
профил за хелијуму сличну резонантну линију гвожђа је описан помоћу 
Фогтовог профила, са укупним параметром пригушења једнаким суми 
природног и Штарковог (судари са електронима) ширења. 
 
 
3. ПОТРЕБЕ У АСТРОФИЗИЦИ ЗА ВЕЛИКИМ СКУПОМ 
ПОДАТАКА О ШТАРКОВОМ ШИРЕЊУ 
 

Јасно је да звездана спектроскопија зависи од веома великог броја 
прелаза за различите атоме и јоне са подацима о њиховим атомским 
параметрима и Штарковом ширењу што је посебно стимулисано 
развојем космичке астрономије, пошто је помоћу инструмената као што 
је Годаров спектрограф велике резолуције (Goddard High Resolution 
Spectrograph - GHRS) на Хабловом космичком телескопу (Hubble Space 
Telescope), прикупљен велики скуп спектроскопских података високог 
квалитета, који стално расте, стимулишући истраживања спектралних 
линија. То се може лепо илустровати упоређивањем ултра љубичастих 
спектара χ Lupi добијених помоћу уређаја на сателиту IUE (International 
Ultraviolet Explorer) и GHRS (сл. 1). Треба узети у обзир да је на сл. 1 
приказан део спектра широк само 2 ангстрема и упоредити квалитет 
посматраних профила спектралних линија. 

 

 
СЛИКА 1. УВ спектар звезде χ Lupi добијен помоћу GHRS и помоћу IUE сателита 

[26]. Резолуција GHRS спектра је 0.0023 nm а максимални однос сигнал/шум је 95 [27]. На 
GHRS спектру пуном линијом је означен посматран а тачкастом синтетизовани. 
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Развој компјутера такође стимулише потребу за великом количином 
атомских и спектроскопских података. Нарочито велики број података 
је потребан на пример за прорачун непрозрачности звезданих 
атмосфера. Илустративан пример може бити чланак о прорачуну 
непрозрачности за класичан модел цефеида [28], где је у обзир било 
узето 11 996 532 спектралних линија. Други добар пример колико је 
велики скуп атомских и спектроскопских података неопходан, је 
моделирање звезданих атмосфера. На пример компјутерски програм 
PHOENIX (види [29] и референце у чланку) за моделирање звезданих 
атмосфера, укључује базу података која садржи податке о 4.2x107 

атомских, јонских и молекуларних прелаза. 
Занимљива истраживања, која показују могућности које се отварају 

са развојем компјутерских технологија, и указују потребу за што је 
могуће већим скупом спектроскопских и атомских података, су 
прорачуни промена еквивалентних ширина са временом у звезданим 
јатима и галаксијама, „породилиштима“ (starburst) звезда [30]. У овим 
истраживањима, рачуната је промена еквивалентних ширина појединих 
водоникових и хелијумових линија у току 500 милиона година, и 
поређена са посматрањима звезданих јата и галаксија „породилишта“ 
звезда. Прорачуни су изведени у два корака. Прво су израчунате 
популације звезда различитих спектралних типова у функцији времена, 
а онда су профили спектралних линија синтетизовани додајући 
различите доприносе појединих спектралних типова звезда. Приликом 
синтезе профила спектралних линија, узети су у обзир природно, 
термално Доплерово, Штарково, и ширење линија услед судара са 
неутралним атомима. 

За прорачун преноса зрачења кроз звездану плазму, нарочито у 
субфотосферским слојевима, као и за одређивање хемијске обилности 
елемената помоћу апсорпционих линија, потребан је што је могуће 
потпунији скуп података за што је могуће већи број спектралних линија 
различитих емитера односно апсорбера, пошто ми не знамо унапред 
хемијски састав проучаване звезде. 

 
 

4. ИСТРАЖИВАЊА ЗВЕЗДАНЕ ПЛАЗМЕ 
 

Профили спектралних линија улазе у моделирање слојева звездане 
атмосфере у оквиру процене величина као што су коефицијент 
апсорпције κν, Ροселандова оптичка дубина τRoss и укупни пресек за 
непрозрачност по атому σν. Узмимо да је правац деловања гравитације у 



 

звезданој атмосфери z-оса. Ако је атмосфера у макроскопској 
механичкој равнотежи, а са  ρ означимо густину гаса, оптичка дубина је  
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κν је коефицијент апсорпције на фреквенцији ν, N(A,i) је запреминска 
густина емитера у стању i, fij је јачина осцилатора у апсорпцији, m је 
маса електрона и νφ  профил спектралне линије. 
  

Пресек укупне непрозрачности по атому је  
 
 ( ) ,op Mν νσ κ=  

 
где је M средња маса атома, а непрозрачност по јединици дужине је 
 
 ( ),N opν νρκ σ=  
 

Уведимо као независну променљиву средњу оптичку дубину  
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За Роселандову средњу оптичку дубину τRoss, κRoss је дефинисано као 
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Сада је Роселандов средњи пресек непрозрачности 

 
 ,Ross RossMσ κ=  
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Параметри Штарковог ширења су такође потребни за одређивање 
хемијског састава звезданих атмосфера, односно за одређивање звездане 
обилности хемијских елемената. Метод који користи синтетичке и 
посматране спектре и подешавање параметара модела атмосфере да би 
се добило најбоље слагање, добро је развијен и примењиван на много 
звезда. Нађено је да постоје хемијски нерегуларне звезде, посебно у 
интервалу спектралних класа F0-B2 [31], код којих се обилности 
појединих елемената разликују за неколико редова величине од 
Сунчевих. Такође је пронађено да је површина СP звезда хемијски 
нехомогена, тако да је уведен локални хемијски састав, који зависи од 
координата на звезданој површини [31,32]. Такве неправилности се 
углавном објашњавају дифузионим механизмом, који делује у 
звезданим омотачима и (или) атмосферама, као и разликама у 
радијативном убрзању појединих елемената [33]. Радијативно убрзање 
gr на ν, у интервалу фреквенција dν, које делује на елемент A (чија је 
густина N(A), а маса mA је [34] 
 

 ( ) d ,
( )A r

A Tm g
N A c
ν

ν
κ

= Φ  

 
где је κν(A) допринос A монохроматском коефицијенту апсорпције, а Φν 
флукс зрачења. У непрозрачном омотачу радијуса r, флукс зрачења је 
приближно једнак [34] 
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где су са κrest означени остали доприноси укупном коефицијенту 
апсорпције, поред κν(A). Већина CP звезда су A и B спектралног типа, 
код којих је Штарково ширење главно од механизама ширења 
притиском.  
 

5. НЕУТРОНСКЕ ЗВЕЗДЕ 

Са побољшаном осетљивошћу рендгенских уређаја у космосу, расте 
интерес за спектралне линије код атмосфера неутронских звезда. Пошто 



 

је карактеристична густина у атмосфери директно сразмерна 
гравитационом убрзању на звезданој површини, мерењем ширења 
притиском апсорпционих линија директно се мери M/R2, где су M и R 
маса и радијус звезде. Када се то повеже са мерењем гравитационог 
црвеног помака (пропорционалног са M/R), за исту или било коју другу 
линију или скуп линија, могу се одредити маса и радијус. Оваква 
мерења масе и радијуса не укључују удаљеност неутронске звезде, која 
је често недовољно прецизно позната, као ни величину емитујуће 
области [34]. 

Да бисмо добили грубу процену ширине спектралне линије за 
атмосферу неутронске звезде, можемо да проценимо ширину услед 
деловања најближег суседа (на растојању rnn). Енергетска ширина 
линије Lyα коју изазива пертурбер са наелектрисањем z је [34] 
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Овде је Npert густина пертурбера, а Z наелектрисање језгра јона. 

Ако изаберемо јединицу дубине Томсоновог расејања као 
одговарајућу референтну тачку, и интегришемо једначину 
хидростатичке равнотеже за изотермалну атмосферу температуре T, 
добија се да је карактеристична електронска густина за атмосферу 
неутронске звезде [34]. 
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Овде је μ средња маса по честици у јединицама масе протона mp, g је 
гравитационо убрзање, σT Томсонов пресек, k Болцманова константа, 
M1.4 маса звезде у јединицама 1.4 масе Сунца, R6 радијус у јединицама 
106 сm, и T6 температура атмосфере у јединицама 106 K.  

У квазистатичкој апроксимацији [34], претпостављајући да су 
електронско и јонско ширење упоредиви, Штаркова ширина спектралне 
линије за плазму у којој доминира водоник (z=1, Npert = Ne, μ =1/2) је [34] 
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Перелс [34] је за Lyα линију водонику сличног кисеоника нашао 
типичну Штаркову ширину од 20 eV, а од 60 eV за Lyβ. 
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6. 
 У СРБИЈИ И 

 
тарковски проширених профила спектралних линија квантно – 

ме

р ц

 

тома или прелази између високопобуђених нивоа, квантно-
ме

с, 
Бе

них за истраживања астрофизичке и лабораторијске плазме, 
пр

3 Pd, 19 Be, 270 Mg, 31 Se, 33 Sr, 14 Ba, 189 Ca, 32 Zn, 6 Au, 48 
Ag

ПРИМЕНА СЕМИКЛАСИЧНОГ МЕТОДА ЗА ИСТРАЖИВАЊЕ 
ШТАРКОВОГ ШИРЕЊА СПЕКТРАЛНИХ ЛИНИЈА
АСТРОФИЗИЧКИ ЗНАЧАЈ ДОБИЈЕНИХ РЕЗУЛТАТА 
 

Упркос чињеници да је најбољи теоријски метод за одређивање
ш
ханички метод јаке спреге, услед његове комплексности и 

нумеричких тешкоћа, постоји само мањи број оваквих прорачуна  (види 
на пример еферен е у [36] као и [37-41]). Као пример доприноса 
чланова Групе за астрономску спектроскопију на Астрономској 
опсерваторији у Београду, можемо навести прво одређивање параметара 
Штарковог ширења у оквиру квантно-механичке теорије јаке спреге за 
један неводонични неутрални емитер (спектрална линија Li I 2s 2S - 2p 
2Po [42]). 

У многим случајевима, као што су на пример комплексни спектри 
тешких а
ханички метод је веома тешко, а често и практично немогуће 

употребити, те у таквим случајевима семикласични метод остаје 
најефикаснији метод за одређивање параметара Штарковог ширења.  

Постојећи прорачуни већег обима изведени су коришћењем три 
различита компјутерска програма које су у основи разрадили (i) Џон
нет и Грим (Jones, Benett и Griem [43-45]), (ii) Саал-Брешо (Sahal-

Bréchot [46,47]) и (iii) Басало, Катани и Валдер (Bassalo, Cattani и Walder 
[48]). 

Да би обезбедили што већи број података о Штарковом ширењу, 
потреб
орачун звезданих непрозрачности и моделирање атмосфера ових 

објеката, чинимо непрекидан напор да одредимо параметре Штарковог 
ширења за велики број линија у спектрима атома и јона. У низу радова, 
користећи семикласични пертурбациони формализам [46,47] који је био 
иновиран, осавремењен и оптимизован више пута (види нпр. [36,49-51]), 
одредили смо параметре Штарковог ширења за прелазе за које постоји 
довољно комплетан скуп поузданих атомских података, тако да се 
очекује добра тачност резултата (види на пример референце у [36] као и 
[52]).  

До сада су публиковани резултати за 79 He, 62 Na, 51 K, 61 Li, 25 Al, 
24 Rb, 

, 18 Ga, 70 Cd I, 9 Cr I, 4 Te I, 25 Ne I, 28 Ca II, 30 Be II, 29 Li II, 66 Mg 
II, 64 Ba II, 19 Si II, 3 Fe II, 2 Ni II, 22 Ne II, 5 F II, 1 Cd II, 1 Kr II, 2 Ar II, 
7 Cr II, 12 B III, 23 Al III, 10 Sc III, 27 Be III, 5 Ne III, 32 Y III, 20 In III, 2 



 

Tl III, 5 F III, 2 Ne IV, 10 Ti IV, 39 Si IV, 90 C IV, 5 O IV, 114 P IV, 2 Pb 
IV, 19 O V, 30 N V, 25 C V, 51 P V, 34 S V, 16 Si V, 26 V V, 26 Ne V, 30 
O VI, 21 S VI, 2 F VI, 15 Si VI, 14 O VII, 10 F VII, 10 Cl VII, 20 Ne VIII, 4 
K VIII, 9 Ar VIII, 6 Kr VIII, 4 Ca IX, 30 K IX, 8 Na IX, 57 Na X, 48 Ca X, 4 
Sc X, 7 Al XI, 4 Si XI, 18 Mg XI, 4 Ti XI, 10 Sc XI, 9 Si XII, 27 Ti XII, 61 
Si XIII и 33 V XIII појединачних спектралних линија и мултиплета. 

Добијени семикласични резултати су упоређени са критички 
изабраним експерименталним подацима за 13 мултиплета He I 

 17

[53]. 
Ра

 с и

7. ПРИМЕНА ПАРАМЕТАРА ШТАРКОВОГ ШИРЕЊА 
ОДРЕЂЕНИХ СЕМИКЛАСИЧНИМ ПЕРТУРБАЦИОНИМ 

МА

 ширења на Au II [54], 
o III [55], Ge I [56], Ga I [57], Cd I [58] и Te I [59] спектралне линије у 

сп

т е

та, 
уп

злике између семикласичних резултата и експерименталних 
вредности су унутар граница од ± 20%, што су и предвиђене границе 
тачности емиклас чног метода [45]). 

 
 

МЕТОДОМ ЗА ИСТРАЖИВАЊЕ УТИЦАЈА ОВОГ МЕХАНИЗМА 
ШИРЕЊА У ЗВЕЗДАНИМ АТМОСФЕРА  
 

У низу радова истраживан је утицај Штарковог
C
ектрима атмосфера хемијски нерегуларних звезда A типа и за сваки 

испитивани спектар нађени су атмосферски слојеви, где је допринос 
овог механизма доминантан или се не може занемарити. Као модел 
хемијски нерегуларне звездане атмосфере А типа, у поменутим 
радовима је коришћен модел са условима у плазми блиским HgMn 
звезди A ипа χ Lupi. Таква истраживања су изв дена и за атмосфере 
белих патуљака DA, DB и DО типа [54, 55, 60], и установљено је да је за 
такве звездане атмосфере Штарково ширење доминантно у односу на 
Доплерово, у практично свим релевантним атмосферским слојевима. 

Као пример утицаја Штарковог ширења у атмосферама врелих звезда 
на Сл. 2 је Штаркова ширина Te I 6s 5So - 6p 5P (9903.9 Å) мултипле
оређена са Доплеровом за модел  (Teff = 10000 K, log g = 4.5) 

атмосфере звезде спектралног типа А [61]. Наиме у атмосферама врелих 
звезда, Доплерово ширење је важан конкурентни механизам ширења 
спектралних линија, и упоређивањем Штаркове и Доплерове ширине 
може се закључити о значају ових механизама ширења. Треба имати у 
виду да се профил Доплеровски проширене линије описује Гаусовом 
расподелом а Штарковски проширене Лоренцовом. Због особина ове 
две расподеле, чак и када је Штаркова ширина линије мања од 
Доплерове, овај механизам може да утиче на крила линије. Резултати 



 

Симића и др. [59], представљени су на Сл. 2 у функцији Роселандове 
оптичке дубине – log τ. Може се видети да је механизам Штарковог 
ширења апсолутно доминантан у поређењу са термалним Доплеровим, у 
дубљим слојевима звездане атмосфере. 

Утицај Штарковог ширења на линије Cu III, Zn III и Se III у 
спектрима атмосферама DB белих пату
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љака, истраживали су Симић и 
др. [58] за Cu III 4s 2F - 4p 2Go (λ=1774.4 Å), Zn III 4s 3D - 4p 3Po 
(λ=1667.9 Å) и Se III 4p5s 3Po - 5p 3D (λ=3815.5 Å), користећи модел 
атмосфере са Teff = 15000 K и log g = 7 [62]. За разматрани модел 
атмосфере DB белих патуљака мрежа тачка за оптичку дубину дата је у 
реф. [62] за стандардну таласну дужину λs=5150 Å (τ5150) па је оптичка 
дубина тако претстављена и код Симића и др. [58]. 

 1e−005

 0.0001

 0.001

 0.01

 0.1

 1

−5 −4 −3 −2 −1  0  1  2  3

W
[Å

]

log τ

Stark
Doppler

 
СЛИКА 2. Термална Доплерова и Штаркова ширина за Te I 6s 5So - 6p 5P (9903.9 Å) 

мултиплет у функцији оптичке дубине за звезду спектралног типа А. (Teff = 10000 K, log g = 

 
белих у 
по

4.5). 
Као што се може видети на Сл. 3, за услове у плазми атмосфере DB

 патуљака термално Доплерово ширење има много мањи значај 
ређењу са Штарковим ширењем. На пример Штаркова ширина за 

разматрану Se III 3815.5 Å линију је већа од Доплерове и до два реда 
величине у оквиру посматраног опсега оптичких дубина. Много веће 
Штаркове ширине у атмосферама DB белих патуљака, у поређењу са 
звездама спектралног типа А, су последица већих електронских густина 
услед много веће површинске гравитације и ефективне температуре, 
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СЛИКА 3. Термална Доплерова и Штаркова ширина за спектралне линије Cu III 4s 2F - 4p 
2Go (λ=1774.4 Å), Zn III 4s 3D - 4p 3Po (λ=1667.9 Å) и Se III 4p5s 3Po - 5p 3D (λ=3815.5 Å), за модел 
атмосфере DB белог патуљка са Teff = 15 000 K и log g = 7, у функцији оптичке дубине τ5150. 

 

 

 
СЛИКА 4. Штаркова и Доплерова ширина за спектралну линију Si VI 2p4(3P)3s 2P-2p4(3P)3p 

2D◦ (λ = 1226, 7Å) у функцији Роселандове оптичке дубине. Штаркове ширине су дате за шест 
модела DО белих патуљака са ефективним температурама Teff = 50 000–100 000 K и log g = 8. 
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СЛИКА 5. Штаркова и Доплерова ширина за спектралну линију Si VI 2p4(3P)3s 2P-2p4(3P)3p 

2D◦ (λ = 1226, 7Å) у функцији Роселандове оптичке дубине. Штаркове ширине су дате за четири 
модела DО белих патуљака са log g = 6–9 и Teff = 80 000 K. 

  
тако да је механизам ширења спектралних линија услед судара са 
електронима (Штарков) много ефективнији.  

Хамди и др. [22] истраживали су утицај Штарковог ширења на Si VI 
линије у спектру DO белих патуљака за 50000 K ≤ Teff ≤ 100000 K и 6 ≤ 
log g ≤ 9. Установљено је да утицај расте са порастом log g и 
доминантан је у великим областима разматраних атмосфера, чији су 
модели узети из рада Весемела (Wesemael) [63].  

На Сл. 4 и 5 представљене су Штаркова (FWHM) и Доплерова 
ширина за спектралну линију Si VI 2p4(3P)3s 2P-2p4(3P)3p 2D◦ (λ = 1226, 
7Å) у функцији Роселандове оптичке дубине. Штаркове ширине су дате 
за шест модела DО белих патуљака са ефективним температурама Teff = 
50 000–100 000 K и log g = 8 и четири модела са log g = 6–9 и Teff = 80 
000 K. За моделе звезданих атмосфера са већим вредностима 
површинске гравитације (log g = 8–9), Штарково ширење је знатно веће 
од Доплеровог. За звездане атмосфере са површинском гравитацијом log 
g = 7, Штаркове ширине су упоредиве са Доплеровим само за дубље, 
врелије слојеве. За моделе атмосфера са log g = 6, Доплерово ширење је 
доминантно за све анализиране слојеве атмосфере. 
 



 

8. УТИЦАЈ ШТАРКОВОГ ШИРЕЊА И СТРАТИФИКАЦИЈЕ НА 
ЛИНИЈЕ Si I КОД roAp ЗВЕЗДЕ 10 Aql 
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Као пример примене података о Штарковом ширењу у астрофизици 
може да послужи реф. [64] где је проучен утицај хемијске раслојености 
односно стратификације и Штарковог ширења на спектралне линије Si I, 
код брзо осцилујуће roAp звезде 10 Aql, где су линије Si I 6142.48 Å и 
6155.13 Å асиметричне и померене. Аутори су прво израчунали 
параметре Штарковог ширења, користећи семикласични пертурбациони 
метод, за три спектралне линије неутралног силицијума: 5950.2 Å, 
6142.48 Å и 6155.13 Å. Изменили су програм за рачунање синтетичког 
спектра тако да се узимају у обзир и Штаркове ширине и помаци за 
анализиране линије. На основу упорећивања теоријских прорачуна са 
посматрањима, нашли су да ефекти Штарковог ширења + хемијског 
раслојавања (стратификације) могу да објасне асиметрију Si I 6142.48 Å 
и 6155.13 Å линија. 

За анализу, искористили су посматрања нормалне звезде HD32115, и 
две Ap звезде HD122970 и 10 Aql, као и Solar Flux Atlas [65]. CCD 
спектри високе резолуције 10 Aql и HD122970 су описани у раду 
Рјабчикова и др. [66]. CCD спектри високе резолуције (R приближно 
45000) звезде HD32115 у опсегу таласних дужина 4000 -9500 Å 
добијени су помоћу coude-echell спектрометра монтираног на 
двометарски Цајсов телескоп на опсерваторији на врху Терскол у 
Русији (види Бикмаев и др. [67] за више детаља). 

Велики број Ap звезда показује нерегуларне профиле линија Si I, али 
већина има јака магнетна поља која деформишу профиле линија преко 
Земановог цепања. Прилично слаба магнетна поља код Ap звезда 
HD122970 и 10 Aql, омогућују да се утицај магнетног поља на облик 
линије занемари. 

Прорачун модела атмосфере, као и израчунавање коефицијента 
апсорпције, изведени су у апроксимацији локалне термодинамичке 
равнотеже (ЛТЕ). Рачунање модела атмосфере извршено је уз помоћ 
компјутерског програма ATLAS9 који је написао Р. Л. Куруц [68]. 

Следећи корак био је рачунање флукса ка посматрачу, у функцији (за 
одговарајућу мрежу тачака) таласне дужине, користећи дати модел. За 
то је узет компјутерски програм STARSP, који је написао В. В. Цимбал 
[69], и то измењена верзија, која израчунава синтетички спектар за 
атмосферу са вертикалним раслојавањем (стратификацијом) хемијских 
елемената. 
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СЛИКА 6. Упоређивање профила спектралне линије 6155 Å неутралног силицијума, 

посматране у спектру Ap звезде 10 Aql (дебела линија) и синтетичког спектра израчунатог са 
Штарковом ширином и помаком из табеле 1 у реф. [54] и раслојавањем (стратификацијом) 
обилности силицијума (танка линија), са истим Штарковим параметрима али за хомогену 

расподелу силицијума (цртице), као и са Штарковом ширином узетом помоћу апроксимативне 
формуле за исто раслојавање силицијума (тачкаста линија). 

 
Прво су израчунали спектралне линије неутралног силицијума у 

спектру Сунца, да би проверили параметре Штарковог ширења и са 
поправљеним Штарковим параметрима синтетисали су профиле линија 
у спектрима звезда HD32115, HD122970 и 10 Aql. 

Звезда 10 Aql= HD176232 је најврелија у њиховом узорку. Има 
углавном асиметрични профил линије Si I 6155.13 Å, што се не може 
репродуковати ниједном комбинацијом параметара Штарковог ширења 
у хомогеној атмосфери. Чак и слабија, Si I 6142.48 Å линија, има 
значајан помак. Рјабчикова и др. [66] поменули су могућност 
раслојавања (стратификације) гвожђа и ретких земља у атмосфери 10 
Aql. Они су покушали да нађу емпиријски, једноставну расподелу 
силицијума у 10 Aql, која би фитовала како Si I 6142.48 Å тако и 6155.13 
Å линију. Добијена расподела даје разумно слагање посматраног и 
синтетисаног профила за обе силицијумове линије (Сл. 6). Штавише, 
чини се да иста расподела силицијума много боље фитује профиле јаких 
Si II 6347, 6371 Å спектралних линија, у поређењу са прорачунима са 
хомогеном Si обилношћу (-4.19), које су извели Рјабчикова и др. [66]. У 
својој анализи, аутори подвлаче, да са употребљеним параметрима 



 

Штарковог ширења, осетљивост асиметрије  6155.13 Å линије на 
промене обилности Si у звезданој атмосфери, може бити успешно 
употребљена за емпиријска истраживања раслојавања обилности у 
атмосферама хладних Ap звезда. 
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9. ШТАРКОВО ШИРЕЊЕ ЛИНИЈА ЈОНИЗОВАНОГ ХРОМА У 
СПЕКТРУ Ap ЗВЕЗДЕ HD 133792 
 

Димитријевић и др. [70] су истраживали Cr II линије у спектру Ар 
звезде HD 133792, за које постоји пажљиво изведена анализа обилности 
и стратификације [71]. Звезда HD133792 има ефективну температуру Teff 
= 9400 K, површинску гравитацију  log g = 3.7, и средњу обилност 
хрома +2.6 dex у односу на обилност овог елемента код Сунца [71]. Сви 
прорачуни су изведени са побољшаном верзијом SYNTH3 
компјутерског програма SYNTH за прорачун синтетичког спектра. 
Штаркови параметри пригушења су унети у компјутерски програм. 
Употребљена је раслојена (стратификована) расподела хрома у 
атмосфери HD133972, изведена у реф. [71]. На Сл. 7 је посматрани 
профил линије Cr II 3403.30 Å, упоређен са синтетичким са 
параметрима Штарковог ширења из рада Димитријевић и др. [70] и 
Куруцовим [72]. Добро слагање посматрања и прорачуна за неколко 
слабих Cr II линија, потврђује употребљену расподелу раслојавања 
хрома, док слагање за све четири јаке Cr II линије, демонстрира добру 
тачност добијених теоријских параметара Штарковог ширења у реф. 
[70]. 

То отвара нову могућност, да се теоријски и експериментални 
резултати о Штарковом ширењу додатно провере помоћу звезданих 
спектара, чему нарочито могу да допринесу развој спектроскопије 
помоћу уређаја у космосу, изградња џиновских телескопа нове 
генерације и пораст тачности и поузданости компјутерских програма за 
моделирање звезданих атмосфера. Линије Cr II анализиране у реф. [70] 
су нарочито погодне за такву сврху, пошто имају добра и чиста крила, 
где је утицај Штарковог ширења најважнији. 
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СЛИКА 7. Поређњење посматраног (тачке) профила линије Cr II 3403.30 Å, и синтетисаног са 
параметрима Штарковог ширења из рада Димитријевић и др. [70] (пуна линија) и Куруцовим 

[72] (испрекидана линија). 
 

 
СЛИКА 8. Исто као на Сл. 7, само за линије Cr II 3421.20, 3422.73 Å. 



 

10. МОДИФИКОВАНИ СЕМИЕМПИРИЈСКИ МЕТОД ЗА 
ШТАРКОВО ШИРЕЊЕ И АСТРОФИЗИЧКЕ ПРИМЕНЕ 
 

Модификована семиемпиријска теорија (MСE) [73,74] за прорачун 
параметара Штарковог ширења изолованих спектралних линија 
неводоничних јона, успешно је примењена много пута за различите 
проблеме у астрофизици и физици. Према МСЕ прилазу [73-79], пуна 
ширина изоловане јонске линје на половини максималног интензитета 
(FHWM) услед судара са електронима је 
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а одговарајући Штарков помак 
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где је почетни енергетски ниво означен са i, крајњи са f, а сума квадрата 
матричних елемената ℜ  за разлику главних квантних бројева Δn ≠ 0, je 
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у Кулоновој апроксимацији. При томе је 
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где је E=3kT/2 кинетичка енергија електрона, а 
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а за Δn ≠ 0 енергетска разлика између нивоа са nk и nk+1 је процењена 
као  
 

 
2

, 1 *3

2
k k

H
n n

k

Z EE
n+Δ ≈  

 
при чему је 
 

 
1/ 22

* H
k

ion k

E Zn
E E

⎛ ⎞
= ⎜ ⎟−⎝ ⎠

 

 
ефективни главни квантни број, Z резидуално наелектрисање јона, 
односно наелектрисање остатка које „види“ оптички електрон, то јест 
електрон који врши прелаз (Z=1 за неутралне атоме, 2 за једноструко 
наелектрисане јоне ...) и Eion одговарајућа граница спектралне серије. N 
и T су електронска густина и температура, док су са g(x) [80],  [73] 
и gsh(x) [80],  [74] означени одговарајући Гаунт фактори за 
ширину и помак. Фактор 
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где су Ek и Ek' енергије разматраног нивоа и нивоа који га пертурбује. 
Сума по δk  
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је различита од нуле само за оне пертурбујуће нивое, ако постоје, за које 
су јако нарушене претпостављене апроксимације. 

У поређењу са потпуним семикласичним [45-47], и Гримовим 
семиемпиријским прилазом [80], за који треба практично исти сет 
атомских података као и за најсофистициранији семикласични, за 
модификовани семиемпиријски метод [73-79] потребно је знатно мање 
таквих података. У ствари, ако нема нивоа за које су претпостављене 
апроксимације јако нарушене, за прорачун Штаркове ширине, потребни 
су само енергетски нивои са Δn = 0, пошто је допринос свих нивоа са Δn 
≠ 0, који су потребни за потпуни семикласични прорачун и Гримову 
семиемпиријску формулу, приближно збирно процењен.  

Услед потребе за знатно мањим бројем атомских података у 
поређењу са потпуним семикласичним пертурбационим [45-47], и 
Гримовим семиемпиријским прилазом [80], МСЕ метод је посебно 
користан за звездану спектроскопију, за коју су потребни атомски 
подаци и подаци о параметрима ширења за веома обимну листу 
елемената и спектралних линија, при чему није могуће у свим 
случајевима од интереса применити софистициране теоријске методе. 

МСЕ метод је такође веома користан када су потребни подаци за 
веома велики број спектралних линија, а није неопходна велика тачност 
за сваку појединачну линију, као што су то на пример прорачуни 
преноса зрачења или моделирање плазме. Осим тога, у случају 
комплекснијих атома или вишеструко наелектрисаних јона, услед 
недостатка тачних атомских података потребних за прецизније 
прорачуне,  поузданост семикласичних резултата опада. У таквим 
случајевима, МСЕ метод може такође бити интересантан.  
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11. УПРОШЋЕНА МСЕ ФОРМУЛА 
 

За астрофизичке потребе, од посебног интереса може бити 
упрошћена МСЕ формула [76] за Штарково ширење изолованих линија, 
једноструко и вишеструко наелектрисаних неводоничних јона, 
примењљива у случају када је ниво најближи горњем и доњем нивоу 
прелаза, на који је могућ диполно дозвољени прелаз са почетног (i) или 
крајњег (f) енергетског нивоа разматране линије, тако далеко да је услов 
 
 ' '/ 2jj j jx E E E= − ≤  
 
задовољен. У таквом случају, пуна ширина на половини максималног 
интензитета дата је изразом [76]: 
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Овде, 3 / 2E kT=  је енергија пертурбујућег електрона, Z-1 је 
наелектрисање јона, а n* ефективни главни квантни број. Ова формула 
је од интереса за одређивања обилности, као и за истраживања 
звезданих атмосфера. Пошто су услови важења често задовољени у 
условима звездане плазме.  

Слично у случају помака 
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Ако сви нивои који улазе у горњу суму постоје, може се извести 

додатно сумирање и добија се 
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где је ε = +1 за j = i и -1 за j = f.  
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Модификовани семиемпиријски метод тестиран је више пута на 
бројним примерима [36]. Да би се проверио овај метод, 
експериментални подаци за 36 мултиплета (7 различитих врста јона) 
троструко наелектрисаних јона упоређени су са теоријским ширинама 
линије и добијени следећи усредњени односи мерених и теоријских 
вредности [73]: за двоструко наелектрисане јоне 1.06 ± 0.32 а за 
троструко наелектрисане 0.91 ± 0.42. Претпостављена тачност МСЕ 
формуле је око ±50%, али је показано [78,81,82] да чак и у случају 
емитера са веома комплексним спектрима (нпр. Xe II и Kr II), МСЕ 
метод даје веома добро слагање са експериментом (у интервалу ±30%). 
На пример за Xe II, 6s-6p прелазе, средњи однос између 
експерименталних и теоријских ширина линије је 1.15 ± 0.5 [81].  

Израчунате су Штаркове ширине, а у неким случајевима и помаци, за 
спектралне линије следећих елемената: Ar II, Fe II, Pt II, Bi II, Zn II, Cd 
II, As II, Br II, Sb II, I II, Xe II, Mn II, La II, Au II, Eu II, V II, Ti II, Kr II, 
Na II, Y II, Zr II, Sc II, Nd II, Be III, B III, S III, C III, N III, O III, F III, Ne 
III, Na III, Al III, Si III, P III, S III, Cl III, Ar III, Mn III, Ga III, Ge III, As 
III, Se III, Zn III, Mg III, La III, V III, Ti III, Bi III, Sr III, Cu III, Co III, Cd 
III, B IV, Cu IV, Ge IV, C IV, N IV, O IV, Ne IV, Mg IV, Si IV, P IV, S IV, 
Cl IV, Ar IV, V IV, Ge IV, C V, O V, F V, Ne V, Al V, Si V, N VI, F VI, Ne 
VI, Si VI, P VI, и Cl VI. 

 

12. ПРИМЕНА НА ИСТРАЖИВАЊЕ „ЦИРКОНИЈУМСКОГ 
КОНФЛИКТА“ У ΑТМОСФЕРИ ЗВЕЗДЕ χ LUPI 

Пример примене МСЕ формуле је разматрање „цирконијумског 
конфликта“ у атмосфери звезде χ Lupi [83]. Да би анализирали овај 
проблем, напоменимо да истраживања обилности за звезде раних 
типова показују да око 10% - 20% звезда A и B спектралног типа имају 
аномалије обилности, укључујући аномалије у изотопном саставу [83]. 
Аномалије обилности у овим звездама, које се зову CP звезде, 
проузроковане су различитим хидродинамичким процесима у 
спољашњим звезданим слојевима (који су потпомогнути и олакшани 
магнетним пољима, слабим звезданим ветровима, турбуленцијом, 
мешањем услед ротације итд.). Да би се истражили ови процеси, 
потребни су атомски подаци за много линија бројних емитера/апсорбера.  

Линије цирконијума на пример, присутне су у спектрима HgMn 
звезда [26,84-86]. Занимљиво је да су обилности цирконијума одређене 
из слабих оптичких Zr II и јаких Zr III линија (које су откривене у UV) 



 

потпуно различите (види [26,86]) код HgMn звезде χ Lupi. Ово је 
илустровано на Сл. 9, на којој је приказан UV спектар ове звезде у 
опсегу таласних дужина 1938.3 - 1938.7 Å. Пуном линијом је означен 
спектар добијен помоћу GHRS. Тачкастом линијом је показана 
синтетисана Zr II 4d5s5p 2Dо

3/2 - 4d25s a2D3/2 λ=1938.5 Å линија, добијена 
за обилност цирконијума log [NZr/NH]=-8.12. Ова вредност обилности је 
добијена помоћу Zr III спектралних линија. Испрекиданом линијом је 
означен синтетизовани спектар за обилност цирконијума log [NZr/NH]=-
9.1, а са већим тачкама за log [NZr/NH]=-9.0 [26]. То је такозвани 
„цирконијумски конфликт“ и Сикстрем и др. (Sikström) [86] су 
претпоставили да  је ова разлика  вероватно  последица  неадекватног  
 

 
СЛИКА 9. UV спектар звезде χ Lupi у 1938.3 Å – 1938.7 Å опсегу таласних дужина. Пуном 

линијом је означен спектар добијен помоћу GHRS. Тачкастом линијом је показана синтетисана 
Zr II 4d5s5p 2Dо

3/2 - 4d25s a2D3/2 λ=1938.5 Å линија, добијена за обилност цирконијума log 
[NZr/NH]=-8.12. Ова вредност обилности је добијена помоћу Zr III спектралних линија. 
Испрекиданом линијом је означен синтетизовани спектар за обилност цирконијума log 

[NZr/NH]=-9.1, а са већим тачкама за log [NZr/NH]=-9.0[26]. 
 
коришћења модела звезданих атмосфера, на пример ако није узет у 
обзир утицај не-ЛТЕ ефеката или дифузије.  

Цирконијум, који у HgMn звездама често има много већу обилност 
него код Сунца (види [85]), је члан Sr-Y-Zr тријаде, која је веома битна 
за проучавање s-процеса нуклеосинтезе и указано је да представља не-
нуклеарни образац обилности у HgMn звездама. Најочигледније 
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објашњење ове аномалије је помоћу теорије дифузије, или 
укључивањем не-ЛТЕ ефеката. Ипак, од значаја је такође истраживање 
доприноса цирконијумском конфликту разлике параметара Штарковог 
ширења Zr II и Zr III спектралних линија.  

Поповић и др. [83] су, користећи модификовану семиемпиријску 
формулу, одредили параметре Штарковог ширења услед судара са 
електронима за две астрофизички значајне Zr II и 34 Zr III спектралне 
линије, да би тестирали утицај овог механизма ширења линија на 
одређивање еквивалентних ширина и да би дискутовали његов могући 
утицај на одређивање обилности цирконијума. 

 
 

СЛИКА 10. Промена профила линије Zr III 4d2 3P1 - 4d5p 3Po
0 λ=1937.25 Å услед промене 

обилности цирконијума log [NZr/NH] за моделе звезданих атмосфера са Teff=10500 K, log g=4.0 и 
турбулентном брзином Vt=0.0 km s-1 (a). На Сл. (b) је представљена еквивалентна ширина у 

функцији обилности цирконијума.  
 

Атомски енергетски нивои потребни за рачунање узети су из реф. 
[87,88]. Добијени резултати су употребљени да би се видело да ли 
ширење услед судара са електронима може да допринесе настанку 
такозваног „цирконијумског конфликта“ код HgMn звезде χ Lupi.  

Да би се тестирао значај ефекта ширења спектралних линија услед 
судара са електронима за одређивање обилности цирконијума, Поповић 
и др. [83] су синтетисали профиле линија Zr II, λ=1938. Å и Zr III, 
λ=1940. Å, користећи компјутерски програм SYNTH [89] и Куруцов 
програм ATLAS9 за модел звездане атмосфере [72] са Teff= 10500 K, log g 
= 4.0 и турбулентном брзином Vt=0.0 km s-1, то јест за модел звездане 
атмосфере са карактеристикама сличним случају χ Lupi (Teff=10650 K и 
log g=3.8, види Лекроне и др. (Leckrone) [90]). 

 31



 

 32

Ове линије су изабране, зато што су биле уобичајено коришћене за 
одређивања обилности, пошто имају мали помак таласне дужине и 
добро су раздвојене [90]. Промена профила линије Zr III 4d2 3P1 - 4d5p 
3Po

0 λ=1937.25 Å услед промене обилности цирконијума, представљена 
је на Сл. 10а, док је на Сл. 10б приказана еквивалентна ширина у 
функцији обилности цирконијума 

Поповић и др. [83] су израчунали еквивалентне ширине са и без 
утицаја ширења сударима са електронима за различите обилности 
цирконијума. Добијени резултати за ZrIII [194.0 nm] и ZrII [193.8 nm] 
линије показују да је ефекат ширења електронима значајнији за веће 
обилности цирконијума. Еквивалентна ширина расте са обилношћу за 
обе линије, али еквивалентна ширина за ZrIII [194.0 nm] линију је 
осетљивија него за ZrII [193.8 nm]. То може довести до грешке у 
одређивању обилности у случају када ефекат ширења сударима са  

 

 
 

СЛИКА 11. Понашање Штаркових и Доплерових ширина (FWHM) са температуром, за моделе 
звезданих атмосфера са Teff=10500 K, log g=4.0 и Vt=0.0$ км с-1 за a) Zr II 4d5s5p 2Dо

3/2 - 4d25s 
a2D3/2 λ=193.85 nm  (пуна линија) и Zr II 4d5s5p у 2Fо5/2 - 4d25s b2G7/2 λ=232.47 nm (испрекидана 
линија), и b) Zr III 4d2 3P1 - 4d5p 3Po

0 λ=193.725 nm, Zr III 4d2 1G4 - 4d5p 1Fo
3 λ=194.023 nm, Zr III 

4d2 3P2 - 4d5p 3Po
1 λ=194.105 nm и Zr III 4d2 3P1 - 4d5p 3Po

1 λ=194.657 nm. На Сл. 11б није 
показана зависност од температуре за све наведене линије пошто је приближно једнака. 

 
електронима није узет у обзир. У сваком случају, синтетисање ове две 
линије да би се одредила обилност цирконијума, без узимања у обзир 
ширине услед судара са електронима, довешће да је обилност 
цирконијума одређена помоћу ZrIII [194.0 nm] линије већа него ако се 
одреди користећи ZrII [193.8 nm] линију. Ипак, овај ефекат не може да 
изазове разлику у обилности од једног реда величине.  
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Премда се „цирконијумски конфликт“ код HgMn звезде χ Lupi не 
може објаснити само овим ефектом, треба узети у обзир да 
занемаривање Штарковог ширења може да доведе до грешака у 
одређивању обилности. Штавише на Сл. 11 је показано да је Штарково 
ширење упоредиво са Доплеровим или доминантно за температуре око 
10 000 K и веће. 

 

13. РЕТКЕ ЗЕМЉЕ У СПЕКТРИМА СР ЗВЕЗДА 

Други пример применљивости МСЕ метода у астрофизици је 
истраживање спектралних линија елемената ретких земаља (rare earth 
element - REE) у спектрима CP звезда. Спектроскопски подаци за 
елементе ретке земље (REE) су од интереса за астрофизику пошто су 
линије јонизованих REE присутне у звезданим спектрима. Штавише, 
обилност REE у CP звездама је у широком опсегу температура много 
већа него на Сунцу (види нпр. Рјабчикова и др. [91]), и атомски подаци 
за REE су потребни да би се решавали астрофизички проблеми као што 
су релативне обилности елемената који настају у r- и s-процесима у 
Хало звездама сиромашним металима и еволуција CP звезда [92,93]. 
Обично се анализа обилности REE заснива на линијама првог 
јонизационог стања, за које постоје експериментално одређене јачине 
осцилатора. У неким CP звездама, на пример код HD 101065 [91], 
присутан је велики вишак REE.  

У Поповић и др. [91], израчунати су помоћу модификоване 
семиемпиријске формуле Штаркове ширине и помаци за шест линија Eu 
II и ширине за три La II и шест La III мултиплета. Помоћу добијених 
резултата истражен је утицај механизма ширења спектралних линија 
сударима са електронима у атмосферама топлих звезда. Показано је да 
је овај механизам ширења значајан у топлим звездама, и да треба да се 
узима у обзир код анализе звезданих спектралних линија за Teff > 7000 
K, посебно ако је обилност еуропијума велика.  

У Поповић и др. [96], користећи МСЕ формулу, одређене су 
Штаркове ширине за 284 Nd II линије. Линије јонизованог неодимијума 
посматране су у спектрима CP, као и других звезда (види нпр. 
[94,97,98]). Услед услова у звезданим атмосферама, Nd II линије су 
доминантне у поређењу са Nd I и Nd III линијама. На пример у спектру 
roAp звезде HD101065, Каули и др. (Cowley) [94] су нашли 71 линију Nd 
II, а само 6 линија Nd I и 7 Nd III. Због тога се за одређивање обилности 
неодимијума код CP и других звезда, обично користе линије Nd II. Са 
друге стране, услед сложености Nd II спектра, веома је тешко добити 



 

атомске податке (јачине осцилатора, Штаркове ширине, итд.) потребне 
за астрофизичке сврхе.  

Поповић и др. [96], су за прорачун Штаркове ширине користили 
упрошћени МСЕ прилаз Димитријевића и Коњевића [76]. Ова формула 
даје боље резултате него старија апроксимативна формула Каулија 
(Соwley) [99], често коришћена за процену Штаркове ширине када се не 
могу применити поузданији методи.  
 Да би тестирали значај ефекта ширења линија сударима са 
електронима у звезданим атмосферама, Поповић и др. [96] су 
синтетисали профиле 38 Nd II линија помоћу компјутерских програма за 
моделирање звезданих атмосфера SYNTH [89] и  ATLAS9 [68], у  
температурском  опсегу  6000 ≤ Teff ≤ 16000 K,  и  3.0 ≤ log g ≤ 5.0. 
 Профиле линија су синтетисали са и без узимања у обзир 
Штарковог ширења сударима са електронима, за различите типове 
звезданих атмосфера. Прво су синтетисали све разматране профиле за 
обилност неодимијума A = log [Nd/H]=-7.0, и две вредности log g = 4.0 и 
4.5 за различите ефективне температуре (Teff = 6000 – 16000 К). Све 
разматране линије имају сличну зависност од ефективне температуре. 
 

 
СЛИКА 12. Однос еквивалентних ширина Nd II 4013.3 Å линије, израчунат са 
укључивањем Штарковог ширења (EWSt) и без њега (EW0) у функцији ефективне 
температуре. Резултати за log g=4.0 и log g=4.5 приказани су пуном, односно 

испрекиданом линијом. 
Као пример, на Сл. 12 је показан однос еквивалентне ширине 

EWSt/EW0 – као функција звездане температуре за линију Nd II 4013.3 
Å. Као што се на слици може видети, највећи утицај ширења сударима 
са електронима на еквивалентну ширину је у опсегу ефективних  
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СЛИКА 13. Однос еквивалентних ширина EWSt/EW0 у функцији log g за Nd II 4062.2 Å 

спектралну линију, за две вредности обилности неодимијума. 
температура Teff = 8000 K - 10000 K. Напоменимо да је вредност 
обилности неодимијума за Сунце  -10.55, што је три реда величине мање 
 

 
СЛИКА 14. Максимални (горња линија) и минимални (доња линија) однос еквивалентних 
ширина EWSt/EW0 за различите спектралне типове звезда, за 38 Nd II спектралних линија. 

 
од вредности коришћене на Сл. 12, тако да су Сунчеве Nd II линије 
слабе и релативно неосетљиве на ширину пригушења. 

На Сл. 13, илустрована је зависност од површинске гравитације, 
утицаја ширења линија сударима са електронима на еквивалентне 



 

ширине, за линију Nd II λ = 4062.2 Å и log [Nd/H] = -6.5 и -7.5. Утицај је 
већи за веће обилности неодимијума, и расте са порастом површинске 
гравитације.  

 
СЛИКА 15. Средње електронске густине у атмосфери (празни кругови) и у слојевима где је 
густина неодимијумових јона највећа (T=7000 K – 9000 K, испуњени кругови), у функцији 

ефективне температуре која одговара спектралним типовима звезда од G до B. 
 

Да би указали на спектралне типове звезда где је ефекат ширења 
линија сударима са електронима најзначајнији, Поповић и др. [96] су 
дали преглед укупног утицаја у различитим типовима звезданих 
атмосфера, разматрајући најмањи и највећи утицај на све проучаване 
линије. Овај резултат је показан на Сл. 14, где је приказан однос 
еквивалентних ширина у функцији спектралног типа звезде. Као што се 
може видети на Сл. 14, највећи утицај механизма Штарковог ширења је 
код звезданих атмосфера А типа.  

 36

Узимајући у обзир да Штарково ширење зависи од електронске 
густине (N), ефекат је највећи у атмосферама врелих звезда код којих је 
електронска густина већа, пошто водоник постаје јонизован. Може се 
очекивати да ће утицај Штарковог ширења бити већи за топлије звезде, 
али с обзиром да јон Nd II настаје у делу звездане атмосфере са 
одговарајућим параметрима плазме, то није случај. Полазећи од 
чињенице да је потенцијал јонизације Nd II 10.73 eV, и да слојеви где је 
густина јона Nd II највећа имају електронску температуру између 7000 
K и 9000 K, Поповић и др. [96] су израчунали средњу електронску 
густину у овим слојевима звездане атмосфере за различите спектралне 
типове звезда и log g = 4.0. Како се може видети на Сл. 15, средња 
електронска густина опада са ефективном температуром. То је разлог 



 

зашто је највећи утицај ефекта Штарковог ширења у случају Nd II, код 
звезданих атмосфера A типа. 
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14. СРПСКА ВИРТУАЛНА ОПСЕРВАТОРИЈА И БАЗА 
ПОДАТАКА STARK-B 

Српска виртуална опсерваторија је нови пројекат чије је 
финансирање одобрило Министарство за науку и технолошки развој 
Србије преко пројекта TR13022. Циљеви пројекта су: 

- установити SerVO и придружити се EuroVO (Европска виртуална 
опсерваторија) и IVOA (International Virtual Observatory Alliance – 
Међународни савез виртуалних опсерваторија); 

- установити SerVO центар података за дигитализацију и 
архивирање астрономских података добијених на Астрономској 
опсерваторији у Београду; 

- развој алата за визуализацију података. 
Главни циљ је да се публикују у VO компатибилном формату, подаци 

које су добили српски астрономи, као и да се астрономима у Србији 
обезбеде VO алати за научни рад. У прве три године главни циљеви 
пројекта су: 

- дигитализција и публиковање у виртуалној опсерваторији 
фотографских плоча из архива Астрономске опсерваторије; 

- публиковање, заједно са Париском опсерваторијом, базе 
података о Штарковом ширењу STARK-B, која ће, као први корак, 
садржати параметре Штарковог ширења, које су Димитријевић и Саал-
Брешо добили у оквиру семикласичног пертурбационог прилаза током 
тридесетогодишње сарадње, у VO компатибилном формату; 

- прављење мирор сајта за DSED (Darthmouth Stellar Evolution 
Database) у VO контексту. 

У базу података STARK-B, улазе управо подаци о Штарковом 
ширењу о којима смо говорили у овом раду. Напоменимо да је 
претходник SerVO била ВELDATA а њен главни садржај била је база 
података о Штарковом ширењу спектралних линија. Историја 
BELDATA може се следити у [100-104]. После интензивирања сарадње 
са француским колегама око базе података MOLAT на Париској 
опсерваторији, BELDATA је постала STARK-B.  

Ова база података намењена је моделизацији и спектроскопској 
дијагностици звезданих атмосфера и омотача. Такође је од користи и за 
истраживања лабораторијске плазме, ласерски произведене плазме, 
инерцијалне фузије, као и за развој ласера и плазмене технологије. 



 

Сходно томе опсег температура и густина који покривају табеле је 
широк и зависи од степена јонизације разматраног јона. Температура 
варира од неколико хиљада за неутралне атоме до неколико милиона 
Келвина за високо наелектрисане јоне. Електронска или јонска густина 
мења се од 1012 (случај звезданих атмосфера) до неколико пута 1023 cm-3 
(субфотосферски слојеви и истраживања инерцијалне фузије).  
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Обезбеђена је проста графичка међувеза (интерфејс) са подацима 
(види http://stark-b.obspm.fr/elements.php). Корисник прво бира елемент 
из периодичног система који га интересује. После тога јонизационо 
стање, пертурбер(е), густину пертурбера, прелаз и температуру плазме, 
после чега се генерише табела са описом података, пуном ширином 
линије на половини максималног интензитета и помаком линије. 
Планирана су два мирор сајта, један у Медону и један у Београду.  

Даљи развој ће бити да излазни подаци буду усаглашени са ВО 
стандардима (који тек треба да буду у потпуности дефинисани), као и да 
се база потхрани са још елемената /јонизационих стања. Ова база 
података улази и у европски ФП7 пројекта Виртуални центар за атомске 
и молекуларне податке (Virtual Atomic and Molecular Data Centre - 
VAMDC) први ФП7 пројекат у српској астрономији – чији конзорцијум 
чини 15 установа из 9 земаља. Његов циљ је да изгради доступну и 
интероперабилну e-инфраструктуру за атомске и молекуларне податке, 
проширујући и интегришући замашан број база података, за потребе 
различитих корисника у науци и индустрији.  
 

15. ЗАКЉУЧАК  

Као што се из изложеног може закључити, мултидисциплинарна 
област истраживања Штарковог ширења спектралних линија плазме у 
Србији има критичну масу и омогућава младима да се баве науком на 
светском нивоу и своје радове пласирају у врхунске међународне 
часописе. Оваква истраживања у астрономији имају и своју 
конференцију у Србији. I-III Југословенска конференција о облицима 
спектралних линија одржане су 1995,1997 и 1999, у Криваји код Бачке 
Тополе, Белој Цркви и Бранковцу на Фрушкој Гори, IV Српска 
конференција о облицима спектралних линија у Аранђеловцу 2003, а V-
VII Српска конференција о облицима спектралних линија у 
астрофизици 2005, 2007 и 2009, у Вршцу, Сремским Карловцима и 
Зрењанину. 
 



 

ЗАХВАЛНОСТ 
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Овај рад је део пројеката 146001 „Утицај сударних процеса на 
спектре астрофизичке плазме“, и ТР 13022 „Српска виртуална 
опсерваторија“, које финансира Министарство за науку и технолошки 
развој Републике Србије.“  
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Collisions of emitters and absorbers with charged 
particles and stellar plasma 

Milan S. Dimitrijević 
Astronomica Observatoryl,Volgina 7, Belgrade, Serbia 
 
E-mail: mdimitrijevic@aob.bg.ac.yu 
 
Abstract. Collisions of emitters and absorbers with charged 
particles influence on spectral line shapes of stellar plasma, since 
due to splitting and shifting of atomic energy levels in electric field 
(Stark effect) lines in spectra are broadened and shifted. In this work 
is analyzed the importance of Stark broadening of such lines for 
analysis, interpretation and synthesis of stellar spectra, analysis, 
diagnostics and modelling of stellar plasma, and the significance of 
such results for investigations of laboratory, fusion and 
technological plasmas, as well as for the physics of lasers. It is 
considered for which types of stars and for which investigations 
Stark broadening is significant, and methods for theoretical 
determination of Stark broadening parameters of spectral lines are 
discussed. A review of such investigations on the Belgrade 
Astronomical Observatory is given as well. 
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Astrometry Knowledge in Geodetic Education  

Octavian Badescu 

Abstract: 
In this paper we present the necessity of astrometric knowledge in geodetic education. 
Earth rotation, celestial reference systems and time scales are essential topics for many 
geodetic problems and techniques. 
 
 

Astronomy Education in France 

Chantal Balkowski 

Abstract: 
I will present the different levels of Astronomy education in France, at the university 
level through Master programmes, at school level through different programmes for 
teachers and children and at the public level through University diploma on line. 
 
 

The Family of Nicolae Coculescu, the First Director of the Bucharest 
Observatory 

Laurence Bennaceur 

Abstract:  
I am Laurence Servien Bennaceur, one of Nicolae Coculescu’s grand-children. Nicolae 
Coculescu married Lucrezia Popp. They had two children, Madeleine and Pius Serban. 
Madeleine studied French fantastic literature in Romania and obtained a thesis. Pius 
Serban came to France when he was about 16 years old. He graduated in Literature 
(thesis in the thirties) and Science from La Sorbonne University, as his father did. He 
became a researcher, published many books and gave lectures at the College de France 
and on the French radio. He was a scientist, a poet, a painter and a musician, and he 
worked on Aesthetics, a science which was the link between these different disciplines. 
He was in touch with many important personalities in France and in different European 
countries.  
 
 

Remember on Some among Those who Passed/Crossed the 
Bucharest Astronomical Observatory  

Elvira Botez  

Abstract: 
Determined by the centenary of the Bucharest Astronomical Observatory, the 
contribution provides a brief partial history of its first half of existence, by the active 
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presence - longer or episodic - in this institution of some astronomers; there are 
mentioned personalities involved in its setting up and also in its good working. 
 
 

The Role of the Scientifical-Educational Center Kyiv Planetarium in 
Propagation of Astronomical Knowledge in Ukraine 

Klim Churyumov 

Abstract: 
The scientific-educational center Kyiv Planetarium plays the great role in propagation 
of astronomical knowledge in Ukraine. Its main task, side by side with lecturing on 
astronomy and space physics for population, is also an active support of teaching 
astronomy in secondary and high schools. In the Planetarium educational astronomical 
programs are performed so as to be closely connected with school teachers of Kyiv and 
intended at introducing certain additions to the traditional school programs and 
therefore their expansion. They allow to better understand and to study deeper 
numerous astronomical phenomena and physical mechanisms of cosmic processes. In 
the Planetarium’s educational programs up-to-date scientific information about new 
discoveries in astronomy obtained with the help of the world largest telescopes, the 
Hubble Space telescope and space vehicles are made. Problems of modern astronomical 
education in Ukraine are discussed. 
 
 

Astronomy in the Romanian Naval Education  

Stelian Cojocaru, Mariana Pavaloiu 

Abstract: 
Celestial navigation has been, historically speaking, the most important pillar of the 
science of navigation over the centuries. Similar to modern ones, the ancient navigators 
sought to orientate in open seas and to find their position relative to the celestial bodies 
observed above the horizon. The lack of proper observational instrumentation prevented 
the navigators to use the astronomical references stars, planets, Sun and Moon to find 
their position at sea in a rigorous manner. This is why the first known application of a 
celestial method comes only at the end of 15th century, when Columbus during his 
voyages to America was determining his latitude using the Sun’s meridian observations. 
The practical method of longitude determination came long after, at the end of 18th 
century, when Harrison built the first marine chronometer (1761). With the sextant 
being invented in 1730, the navigators were finally able to determine both of their 
coordinates in a separate way. The method of determining the ship’s coordinates 
simultaneously came 50 years later, thanks to Sumner and Saint-Hilaire. Even more 
important than these practical achievements was the openness to the construction of a 
theoretical system for the celestial navigation. This contribution intends to present the 
celestial navigation in the general context of astronomy and to put into light the central 
role of astro-navigation in the mariner’s professional education. The structure of 
celestial navigation portion in the Romanian naval education system in the last 100 
years, together with the most important contributions of Romanian authors, will 
conclude the paper. 
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Astronomy at the Observatoire de Paris at the Time of Notara’s Visit 

Suzanne Debarbat  

Abstract: 
When Notara (circa 1650-1731) came to Paris in 1700, after having spent three years in 
Padova, to pay a visit to Cassini (1625-1712), the Observatoire Royal was already built 
and the interiors achieved having received the visit of Louis the XIVth on 1682, May 1. 
Cassini was installed in an apartment situated on the first floor. He was French from 
1673, married and having three children. As a member of the Academie Royale des 
Sciences as soon as his arrival, in 1669, he had met and worked with Picard, Huygens, 
La Hire, Roemer, others and their collaborators. Cassini had previously discovered four 
more satellites to Saturn, seen the Cassini Division, and tackled the mapping of France 
after Picard (1620-1682) and La Hire (1640-1718). When Notara arrived in Paris and 
came to the Observatoire Royal, Picard was dead, but his collaborator, La Hire, was still 
there and Cassini will just be on leave to pursue the determination of the reference 
meridian line in view of the complete mapping of France. This last subject retained 
mostly the attention of Notara in view of cartography of his native country. After 
applying the method employed by the French astronomers, he established a map and 
published, in 1716, a basic book on the matter to help his contemporaries.  
 
 

Romanian-Serbian Collaboration in Astronomy 

Milan S. Dimitrijevic, Magda Stavinschi 

Abstract: 
In this contribution we present and analyze the collaboration of Romanian and Serbian 
astronomers, from the time on collaboration on the reform of Julian calendar. We also 
analyze the data on mutual visits of Romanian and Serbian astronomers, obtained by 
perusing the Guest Book of Bucharest Astronomical Observatory and Annual Reports 
of Directors of Belgrade Astronomical Observatory published in various editions, as 
well as the history of four common meetings of Romanian and Serbian astronomers 
(Timisoara, Belgrade, Cluj-Napoca, Belgrade) organized by us. 
 
 

Romanian Contributions to the International Heliophysical Year 

Cristiana Dumitrache, Nedelia Antonia Popescu, Vasile Mioc 

Abstract: 
We present the Romanian activities within the framework of IHY. All part of IHY 
aspects will be approached: history, science, education and outreach. In the history 
aspect, we emphasize the beginning of solar and artificial satellite researches in 
Romania. As symmetry over times, after fifty years, the solar group started a new phase 
in its development and research themes, a fact that constituted itself in a challenge for 
educational programs and new scientific projects. A very important part of our activity 
during the International Heliophysical Year was the outreach. 
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Romanian Solar Physics Research in the Frame of International 
Cooperations (1955-2005) 

Georgeta Maris 

Abstract: 
Valuable results of the Romanian solar physics research were obtained within the 
framework of the international collaborations. This contribution reviews the main 
cooperative programs as well as their results. The regular solar observations began at 
the Bucharest Solar Station simultaneously with the “International Geophysical Year” 
program, on June 1, 1957. At the beginning, there were carried out solar patrol 
observations. A long cooperation with the World Data Centers was based on the data 
obtained on active chromospheric phenomena as well as the relative sunspot number 
and the sunspot positions. A lot of solar observations were made during specific 
campaigns, in connection with some international programs. So, we took part in 
International Quiet Sun Years (IQSY, 1964-1965), Proton Flare Project (PFP, 1967), 
Rapid Variations of the Solar Magnetic Fields (1966-1974), INTERCOSMOS (1964-
1977). However, there were some programs “forbidden” for us because of the totally 
unfavorable conditions for science in Romania before 1989. Some collaboration 
projects with the solar departments from other countries were set up within the 
framework of the cooperation between the Romanian Academy and similar institutions 
from abroad. The Romanian solar physics researchers acceded to JOSO since 1992 and 
new perspectives to collaborate were open. We also participated in the MEDOC 
Campaign (14-20 May 2001) and other special programs of solar active regions 
monitoring. We also notice the Romanian participation in the COST Action 724 (2004-
2007) and Balkan, Black Sea and Caspian Sea Regional Network on Space Weather 
Studies (2005). On the personal basis, a lot of collaborations were developed with the 
research centers that offered training grants and PhD or post-doctoral grants to the 
young Romanian scientists. 

 
 

Beginnings of the Modern Astrophysics in Bucharest Observatory 

Harry Minti  

Abstract: 
The first astrophysical studies of solar activity began in 1955. The daily solar 
observations were communicated to Solar Observations centers beginning from the 
same year. Using a new Cassegrain 50-cm telescope installed in 1962, the first 
photoelectric observations of eclipsing binaries were performed in 1965 and were sent 
regularly to the Information Bulletin on Variable Stars of the Commission 27 of the 
IAU. As a young researcher, the author of this presentation has begun his activity under 
the learned influence of Professor Calin Popovici, the Chief of the Astrophysical 
Section. Solar activity and variable stars studies have forwarded to the introduction of 
the scientific research of astrophysical objects in the Astronomical Observatory of the 
Romanian Academy.  
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It All Started 50 Years Ago  

Zadig Mouradian 

Abstract: 
I was student in astronomy at the Bucharest University and was finally recruited by the 
Bucharest Observatory to participate in the International Geophysical Year. I joined the 
Observatory on 1 June 1957 as the third fellow of the Solar Department. There, I 
became an expert in satellite affairs thanks to a TV broadcast shot at the Observatory. 
During the IGY I was in charge of adjusting the newly received solar instruments and 
contributed to the international campaign, including the solar patrol. Since it was 
absolutely impossible for me to start a thesis at that time, I moved to France and started 
a new career at the Solar Department of Paris-Meudon Observatory. My experience at 
the Bucharest Observatory was a fundamental start to the rest of my work for the next 
50 years. My cooperation with the Bucharest Observatory amplified after 1992, and still 
continues today. 
 
 

Decorative Elements with Astronomical Subjects on Medieval 
Buildings in Transylvania  

Tiberiu Oproiu, Elisabeta Ana Pica  

Abstract: 
In this contribution we present several buildings from the Middle Age with astronomical 
subjects from Transylvania. In particular, there are analyzed sundials from churches and 
old houses situated in Cluj-Napoca, Alba Iulia and Sibiu towns. The investigations are 
performed according to the idea of International Astronomical Union Commission No. 
41 (History of Astronomy) concerning the “Conservation of Astronomical Archives and 
Instruments”. 
 
 

Astronomy in Fortress of Oradea  

Nicoleta Pazmany 

Abstract: 
The relative recent “re-discovery”" of some documents related the existence of an early 
astronomical observatory and an elevated scientific and cultural environment in the 
early town of Oradea (Varadinum - first mentioned in AD 1113) was the starting point 
for that contribution. We present findings and some possible reconstruction of the so-
called "zero meridian" from Oradea. History, events and records of past economic, 
cultural and scientific periods are outlined using original texts and archeological 
findings. The town developments in the Middle Age, the cultural and scientific life are 
correlated with the corresponding events in the Europe. 
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Romania before the International Year of Astronomy 

Magda Stavinschi, Elisabeta Ana Pica, Catalin Mosoia 

Abstract: 
100 years of astronomical research in Romania happen almost at 400 years after Galileo 
Galilei first look at the sky with one of his instruments. However, there is a background 
that goes back in time further and makes specialists take into account that there is some 
kind of “cosmic feeling” throughout the Romanian culture. All contributes to a high 
level of public interest, be it students or general audience. In order to measure that we 
take into consideration the most important astronomical events organized at national 
level: Eclipse ‘99, Life in the Universe, Venus 2004, and EuroPlaNet. All experience 
gained at national level makes possible participation at international meetings and gives 
a high impulse of rehabilitation of science journalism where CAP2007 is the most 
recent example. Our work takes into account also educational projects and what we 
have learnt for celebrating the upcoming International Year of Astronomy. 
 
 

Bucharest-Nikolaev Astronomical Observatories: Collaboration in 
Astronomy 

Gennady Pinigin, Magda Stavinschi 

Abstract: 
Scientific collaboration between Bucharest Observatory of the Astronomical Institute 
(Romania) and Nikolaev Astronomical Observatory (Ukraine), based on the similar 
research directions and scientific traditions, starts from the beginning of 1990s. The 
main research field was positional astronomy with compilation of catalogues of star 
positions in the fields around selected ERS from the CCD observations in Nikolaev and 
photographic observations in the Bucharest Observatory. Another field of joint 
collaboration between both observatories was active work in the IAU Division I WG 
“The Future Development of Ground-Based Astrometry” and in the Sub-Regional 
European Astronomical Committee (SREAC) within the framework of the UNESCO-
BRESCE funded Project “Enhancing Astronomical Research and Observation in SEE 
and Ukraine”. Many conferences and workshops, mutual visits of astronomers from 
both observatories were organized and held in Nikolaev and Bucharest. At present, 
before the International Year of Astronomy 2009, a very useful collaboration between 
our observatories is taking place within the framework of the UNESCO thematic 
initiative “Astronomy and World Heritage”. 
 
 

Educational Actions of Some Greek Scholars in Romania  

Peter Rovithis, Eleni Rovithis-Livaniou  

Abstract: 
The scientific work of some outstanding personalities - like Chrysanthos Notaras (1668-
1732), Nikiforos Theotokis (1731-1800) and Benjamin Lesvios (1759-1824) - who 
acted and worked in Greece and Romania and contributed in the Cultural Heritage of 
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both countries will be presented and discussed. Their important role in the development 
and spreading of their times’ science, mainly in Mathematics, Physics and Geography, 
will be referred, too.  
 
 

Moments from Romanian Astronomy Education  

Mircea V. Rusu, Magda Stavinschi 

Abstract: 
Selection from past astronomy education, activities, textbooks and curricula will be 
presented. Didactic aspects and comparison with physics education will be exemplified. 
The astronomy/science education along the time in Romania was divided in four 
directions: very broad information texts for everybody, especially for low education 
people, popular science (translations and/or original texts), school textbooks, and 
science fictions and astronomy/science literature, and exemplified using original texts. 
All categories were intended to extend literacy in science, but in different ways. The 
trends for different periods were outlined. Suggestions for future improvement of both 
related fields, physics and astronomy, would be one of the outcomes of our 
communication.  
 
 

100 Years and More of Romanian Astronomy 

Magda Stavinschi, Vasile Mioc 

Abstract: 
We present a survey of the astronomy on the Romanian territory along the history. We 
focus especially on the history of the Bucharest Observatory (created 100 years ago), on 
its achievements, on the persons that marked its set up and evolution. As the main 
component of the Astronomical Institute of the Romanian Academy (since 1990), the 
Bucharest Observatory had continuously increasing performances as regards 
achievements and links with the international astronomical community. We present 
today’s situation and position in the European astronomical context. 
 
 

Cosmology in Bucharest Observatory  

Marian Doru Suran 

Abstract:  
At Bucharest Observatory cosmology began in the early ‘80s, as a theoretical branch, 
directly related to the computational facilities available in our Observatory. Starting 
from a little Z8080 computer (early ‘80s) to a superscalar supercomputer of 44 
processors (now), our cosmology team developed models, methods and techniques 
related to: investigation of 2D and 3D catalogues of galaxies, clusters and superclusters; 
investigation of the log tails of the 2-points correlation functions; cosmological 
simulations (N-body + SPH) of the Large Scale Structure of the Universe (LSS); 
investigation of environmental effects in clusters of galaxies; application of neural 
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methods in cosmology. The use of such models and techniques has permitted us to 
study problems related to: correlated signals in the long tail of the correlation functions 
for galaxies, clusters and superclusters (due to baryon oscillations); HD simulations of 
the LSS and of the evolution of the first and secondary Web structures; studies of the 
epochs of the formation of DM halos in a LCDM scenario (earlier than z~15); studies of 
the evolution of halos and galaxies due to the parental merging phenomena; decelation 
of the Butcher-Oemler and Oemler-Butcher effects in far or close clusters; studies of 
E+A galaxies; study of the synthetic spectra of galaxies and of the chemo-spectro-
photometrical evolution of galaxies (for z < 30); photometric redshifts determination 
(for z < 10). 
 
 

The First Astronomical Observatory in Cluj-Napoca  

Ferenc Szenkovits 

Abstract: 
One of the most important cities of Romania is Cluj-Napoca (Kolozsvar, Klausenburg). 
This is a traditional center of education, with many universities and high schools. From 
the second half of the 18th century the University of Cluj had its own Astronomical 
Observatory, serving for didactical activities and scientific research. The famous 
astronomer Maximillian Hell was one of those Jesuits who put the basis of this 
Astronomical Observatory. Our purpose is to offer a short history of the beginnings of 
this Astronomical Observatory. 
 
 

Rigas Velestinlis and Astronomy in His Anthology of Physics (For 
250 Years from His Birthday)  

Efstratios Theodossiou, Vasilis N. Manimanis, Milan S. Dimitrijevic, Emmanouel 
Danezis 

Abstract: 
Rigas Velestinlis (Velestino 1757 - Belgrade 1798) was a herald and martyr of freedom, 
but also one of the forerunners of the modern Greek enlightenment movement. With his 
restless intellectual researches, his books and publications, and his revolutionary ideas, 
he managed to participate in the intellectual awakening of his enslaved nation, 
channeling through his works the novel ideas of the European enlightenment together 
with the messages of French revolution. His vision was a great revolution, uprising of 
enslaved nations against Ottoman repression, which will result in the creation of a 
democratic community of nations of Balkans and neighbouring areas. An important part 
of his life he lived in Bucharest and tragically died in Belgrade, so that he is important 
for Romanian and Serbian history, too. For the history of astronomy, interesting is his 
Anthology of Physics, where astronomical contents are present. In this contribution, his 
life and work are presented and analyzed, with a particular attention to the astronomical 
aspects of the mentioned work. 
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European Virtual Observatory – Bulgarian and 
Romanian Cooperation: A Historical Overview 

Milcho Tsvetkov 

Abstract: 
A general information of the European Virtual Observatory is described on the way of 
incorporation of the data sets of the Bulgarian and Romanian photographic plate 
archives. Since 1993 Bulgarian and Romanian institutes of astronomy started to 
collaborate actively for the establishment of the wide-field plate database with their 
photographic plate collection. The Bulgarian Institute of Astronomy was involved in the 
establishment of the IAU Commission 9 Wide-Field Plate Database, WFPDB 
(www.skyarchive.org), and one of the first astronomical institutes in the world that 
joined and actively collaborated in this direction was the Astronomical Institute of the 
Romanian Academy, and its director at that time, Magda Stavinschi. Due to the efforts 
from both sides, the Romanian Plate archive was one of the first included in the 
WFPDB and the only one updated with new observations up to the present moment. 
WFPDB now practically is the only virtual instrument for searching and investigation 
the photographic plate collection or individual plates to follow brightness behavior, etc. 
of every single sky object recorded mainly up to 14 mag in the period 1872-2005. More 
than 2,200,000 plates are listed in the WFPDB and for 530,000 we have plate index 
information available online every day updated. Romanian contribution provided one of 
the first digitized plate previews in the WFPDB, which allowed further data analyses of 
the plates exposed. Future plans of joint cooperation in the frame of recently Developed 
Data Center Alliance of the European Virtual Observatory (EURO-VO DCA) are also 
described. 
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Spatial Families of Orbits in 2D Conservative Fields 

Mira-Cristiana Anisiu 

Abstract: 
We consider the following version of the three-dimensional inverse problem of 
Dynamics: Given a spatial two-parametric family of curves, find the two-dimensional 
potentials under whose action the curves in the family are trajectories for a unit mass 
particle. First we establish the conditions which must be fulfilled by the family so that 
the potentials of the form W(y, z) give rise to the curves of the family. Then we 
examine the existence of potentials depending on (x, z), respectively (x, y), which are 
compatible with the given family and we present some applications. 
 
 

Exploration of the Solar System: Projection of the Past into the 
Future 

Jean-Eudes Arlot, Mirel Birlan, V. Robert, Valery Lainey, Dan Pascu, L. Winter, Jean-
Pierre de Cuyper, Gheorghe Bocsa, Liviu Serbanescu, Evgeniya Khrutskaya 

Abstract: 
The exploration of the solar system from ground-based observations needs to make 
observations regularly, especially for the study of the dynamics of the planets, satellites, 
and small bodies. However, if we are able to make accurate astrometric observations 
nowadays, it would be more interesting to get information from the past. This will allow 
us to understand the evolution of their orbits, and to acquire clues for deciphering 
intimate physical characteristics. The project for new analysis and reduction of old 
photographic plates has been defined by several laboratories: the IMCCE (Paris 
Observatory), the US Naval Observatory (Washington, DC), the Royal Observatory of 
Belgium (Brussels), the Pulkovo Observatory (St Petersburg) and the Astronomical 
Institute of the Romanian Academy (Romania) are interested to scan and re-reduce 
plates of Pluto and of the satellites of Jupiter and Saturn. Thanks to the new catalogues 
such as the UCAC2 and waiting for Gaia catalogue, new results may help to refine the 
orbits of the solar system bodies and to discriminate secular terms using observations 
over long periods of time. New results obtained with the MAMA machine in Paris 
Observatory encourage us to continue these efforts using new accurate fast-measuring 
machines. 
 
 

Geodetic Astronomy and Modern Astrometric Developments  

Octavian Badescu, Petre Popescu, Alin Nedelcu, Petre Paraschiv 

Abstract: 
Modern astrometric developments are analyzed in connection with geodetic goals. CCD 
detectors, satellite technologies, radio astronomy, laser ranging techniques offer new 
and large perspectives for geodesy. Some results in this domain obtained in the 
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collaboration between the Astronomical Institute of the Romanian Academy and the 
Faculty of Geodesy of the University of Civil Engineering are presented. 
 
 

Astrometry in the Uranian System of Satellites 

Mirel Birlan, Alin Nedelcu 

Abstract: 
In December 2007 occurred the equinox of the planet Uranus. Thus the Sun and the 
Earth are crossing the equatorial plane of planet Uranus. This provides the opportunity 
for an edge-on view of its equatorial plane from the inner solar system. Observations of 
the predicted occultation between the satellites Miranda and Oberon were obtained on 
July 30, 2007 using CSHELL IRTF located in Mauna Kea, Hawaii. Data analysis 
revealed that the predicted magnitude drop for this phenomenon was overestimated and 
we establish a high limit of 0.05 mag in detecting the phenomenon. Astrometry of the 
event was also obtained. The results and interpretation of this campaign will be 
presented. 
 
 

The Study of the Dynamics of HD 180642 Area, from the COROT 
Programme 

Gheoghe Bocsa 

Abstract: 
Using old (from 1939) and new (from 2004) photographic plates, we studied the 
dynamics of a star nearby the area HD 180642 using a centroid of stars included in the 
COROT programme. 
 
 
Qualitative Study of the Plates Observed with the Photographic 
Equatorial of Bucharest Observatory since 1930 

Gheorghe Bocsa, Petre Popescu 

Abstract: 
The study of the plates exposed with the Prin-Mertz refractor (f = 6 m, D = 38 cm) was 
performed and the results were included in the WFPA database. It was analyzed the 
next step of including the plate archive in Bucharest Virtual Observatory together with 
the new CCD observations. 
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Measuring and Scanning Methods in Astrometric Processing of the 
Photographic Plates 

Gheorghe Bocsa, Milcho Tsvetkov 

Abstract: 
The paper is dedicated to the first comparative study concerning the position 
determinations of selected small bodies of the Solar System. These positions were 
observed with the Bucharest Observatory refractor (f = 6 m, D = 38 cm) and measured 
by means of Carl Zeiss ASCORECORD. The measurements and the processing of 
photographic plates were digitized with Epson 1640XL flatbed scanner.  
 
 

Dust Particles of Comet Schwassmann-Wachmann 3 during its 
Return in 2006 

Tanyu Bonev 

Abstract: 
Comet 73P/Schwassmann-Wachmann 3 split in 1995. One of its fragments was not 
found during the return of the comet in 2001. The next return, in 2006, was 
characterized by several cascading splitting events of the remaining fragments. About 
one month before perihelion the fragments approached Earth at distances less than 0.1 
AU. We present analysis of the fragmentation events and address the question “Could 
some of the dust particles, released during the fragmentation, cross the orbit of Earth?” 
 
 

Earth Rotation Response to ENSO Events 

Yavor Chapanov 

Abstract: 
The Earth rotation response to ENSO is investigated by means of two approximations of 
the UT1-TAI variations according to the solution C04 of the IERS. The UT1 variations 
at ENSO frequencies are approximated by different sets of oscillations with periods 
between 2 and 5 years, whose superposition yields time series with behavior rather 
similar to the variations of ENSO Index. The delay of the Earth rotation response to the 
ENSO events is about 0.5a. The prediction ability of these models of Earth rotation 
response to ENSO events is analyzed by comparisons between the ENSO Index 
variations for the past epochs and the UT1-TAI backward extrapolation. 
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Influence of AAM and OAM on the Universal Time Variations 

Yavor Chapanov, Daniel Gambis 

Abstract: 
Atmospheric Angular Momentum (AAM) and Ocean Angular Momentum (OAM) 
function excite Length of Day (LOD) variations and provides strong disturbances at 
large band of frequencies with periods from several days to years. The AAM and OAM 
affect also Universal time (UT1) variations and they appear as parasitical noise in some 
problems of parameters estimation. Corrections of AAM and OAM influence on UT1 
are determined here by an integration of the AAM and OAM excitation functions of 
LOD after removing of their constant parts. The resulting series still contain significant 
linear trends for some intervals. The final UT1 corrections for AAM and OAM 
influence are determined by removing the residual trends. The obtained time series have 
good consistency in relation to the oscillations with periods from several days to 5 years 
and their application yields a more precise estimation of the periodical terms of the 
Earth rotation from this band. 
 
 

Decadal Oscillations of the Earth Rotation 

Yavor Chapanov, Jan Vondrak, Cyril Ron 

Abstract: 
The aim of the paper is to create a model of decadal variations of the universal time 
UT1 by means of long historical observational series of UT1 variations, which cover a 
time span more than one century. The model of decadal UT variations includes 
polynomial terms of power up to 3 and main oscillations with periods which represent 
the intrinsic frequencies of some natural phenomena: solar equatorial asymmetry - 45a; 
solar magnetic cycle - 22a; lunar node tidal oscillations - 18.613a; an empirical 12-year 
oscillation; sunspot variations - 11a; and 6-year oscillations from the band 5-7a. The 
coefficients of this model are determined by the least squares method. This model yields 
precise estimation of amplitudes and phases of the involved oscillations and better 
separations of the estimated terms with close frequencies. 
 
 
Euler's Cone Aperture in the Euler-Poinsot Case  

Monica Ciobanu 

Abstract: 
In order to explain the great discrepancy between Euler’s period and Chandler’s one, the 
author continued to analyze the Euler-Poinsot case. Results confirmed her previous 
findings regarding the period of Euler.  
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The Saari’s Conjecture in Celestial Mechanics 

Florin Diacu, Toshiaki Fujiwara, Ernesto Perez-Chavela, Manuele Santoprete 

Abstract: 
In 1970, D. Saari conjectured that the only solutions of the Newtonian n-body problem 
that have constant moment of inertia I are the relative equilibria. In the case n = 3, there 
exists a computer-assisted proof of this conjecture given by R. Moeckel in 2003. The 
extended Saari’s conjecture establishes that, if along an orbit of the n-body problem IU2 
is constant, then the orbit is a homographic solution, that is, a solution where the 
configuration of the bodies is similar to itself when t varies; here U is the potential 
energy. In this talk, we give an analytical proof of this last conjecture in the case n = 3, 
for a huge set of initial data. Since I constant implies IU2 is also constant, this result 
holds for the original Saari’s conjecture. 
 
 

Astronomical Principles of Satellite Positioning 

Adrian Dragusan, Sergiu Lupu, Stelian Cojocaru 

Abstract: 
The Global Navigation Satellite Systems (GNSS) dominate the positioning technologies 
at the beginning of this millennium. The new concept, already common in all users’ 
segments, refer to those radio-navigation systems providing highly precise time and 
position information, continuously and globally, disregarding the weather status. One 
can nominate GPS, GLONASS and GALILEO as exponents of GNSS concept; 
however, the only one global navigation system in full capability today remains GPS, 
with a clear perspective of modernization during the next decade. In the present paper, a 
comparison study of the theoretical principles of celestial navigation and satellite 
navigation is intended, offering sufficient reasoning to conclude that the roots of the 
global satellite navigation systems are, more than ever, connected to the classical 
principles of celestial navigation.  
 
 

On the Local Equivalence between Manev and Kepler Problems 

Vladimir Gerdjikov, Assen Kyuldjiev, Giuseppe Marmo, Gaetano Vilasi 

Abstract: 
We demonstrate the existence of a local Darboux chart for the Manev model such that 
its dynamics becomes locally equivalent to the Kepler model. This explains many of the 
similarities between these two models and why they share common symmetry algebras.  
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Error Statistics for Position Observations of Numbered Asteroids in 
Six Observatories of the World 

Lyudmyla A. Hudkova, Anatolyi V. Ivantsov  

Abstract: 
More than 41 millions of positions for numbered asteroids were analyzed by the Minor 
Planet Center by December 25, 2007. Observations of six observatories (codes 089, 
413, 568, 673, 689, 950) out of 398 observatories of the world were marked as high-
accuracy by the Minor Planet Center. Consideration of observational accuracy is 
extremely important for the numerous applications of celestial mechanics. Comparison 
of the observed (O) positions, taken from the database of the Minor Planet Center for 
these six observatories, and calculated (C) ones using the HORIZONS ephemerides 
system is presented in the paper. Error statistics of the position observations were 
calculated using the (O-C) formulation. The subsequent analysis is given. 
 
 

Position Observations of NEAs at the RTT-150  

Anatolyi Ivantsov, Lyudmyla Hudkova, Zeki Aslan, Rusten Gumerov, Igor Khamitov, 
Gennady Pinigin  

Abstract: 
In 2004-2007, about 550 observations of 17 near-Earth asteroids (NEA) of 15-20.5 
magnitude were made at the Russian-Turkish telescope (RTT-150). The reduction was 
made using the UCAC2 and USNO-B1 catalogues. The comparison of the observed and 
calculated positions through the HORIZONS system gave standard errors of a single 
position in 0.05-0.50″. Analysis of the (О-С) is given in the paper. 
 
 

Parametric Influence on the 3D Motion of a Charged Particle in the 
Electromagnetic Field Produced by Two Co-Rotating Magnetic 
Oblate Dipoles 

Tilemahos Kalvouridis 

Abstract: 
The systematic study of the motion of charged particles in the electromagnetic field of a 
rotating magnetic dipole started with Sturmer at the beginning of the 20th century. 
Sturmer, using a simple model and a robust mathematical formulation, tried to 
approximate some physical phenomena, such as the polar aurora, that take place in the 
neighbourhood of Earth. The problem of Sturmer re-opened in the decade of the 50’s 
after the discovery of the Van Allen belts. Since then, many improvements have been 
made in his original idea, while new models have been proposed, such as the one 
described by Tsyganenko, as well as the ‘magnetic-binary problem’ (otherwise called 
‘the problem of two rotating dipoles’). In the former model, the simple simulation of the 
Earth’s field with a dipole is replaced by a very complex one, which represents the 
magnetic field of our planet in a more realistic manner. The latter model combines the 
restricted three-body problem and the initial idea of Sturmer and is more generally 
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applicable since it takes into account the magnetic field of two celestial bodies (instead 
of merely one) that rotate about their common center of mass under their Newtonian 
gravitational attraction. It is therefore evident that the latter model presents more 
general interest in the scientific field of space dynamics, which is strengthened by the 
fact that more than 220 extra-solar planetary systems have been detected during the last 
ten years, some of which consist of two members that probably dispose magnetic fields. 
All these facts open new perspectives in the study of the problem and have provided us 
with the motive to explore some of its new aspects. In this work we shall consider that 
the two primaries are oblate spheroids and we shall try to reveal the influence of the 
parameters that characterize the problem on the equilibrium positions of the particle, as 
well as on the evolution of the zero-velocity surfaces that limit its three-dimensional 
motions. This consideration adds two new parameters to the existing ones in the 
classical case. The results show that for each set of parameters and for particular values 
of the Jacobian constant there are regions where the motion of the particle is bounded. 
 
 

Results of CCD Observations of Ecliptic Zone in Nikolaev 
Observatory 

Nadezhda Maigurova, Gennady Pinigin 

Abstract: 
Astrometric observations made with the Nikolaev observatory telescopes (Axial 
Meridian Circle and Fast Robotic Telescope) during 2003-2007 years are presented. The 
positions of more than 150,000 stars up to 16 magnitudes in the selected fields of 
ecliptic zone were obtained. The astrometric reductions were made by using reference 
stars from UCAC2 catalogues. Comparisons of positions with CAMC14 and 2MASS 
catalogues are discussed. 
 
 

Chaotic Variation of the Capture Effect 

Zoltan Mako 

Abstract: 
The gravitational ballistic capture is a phenomenon where a massless particle changes 
its Kepler-energy around one primary body from positive to negative. This capture is 
always temporary and, after some time, the Kepler-energy changes back to positive and 
the massless spacecraft leaves the neighborhood of the primary. Several authors studied 
the capture of small bodies by major planets, introducing different concepts of capture, 
like weak capture (Bebruno 1999; Belbruno and Marsden 1997), ballistic capture 
(Belbruno 2004), temporary capture (Brunini 1996), longest capture (Vieira and Winter 
2001), resonant capture (Yu and Tremaine 2001). In all these studies the time is used as 
measure of the capture. In this presentation we try to study the phenomenon of capture 
using the variation of the angle of the small body around the capturing planet. We 
introduce the capture effect of the planet to the captured body as the total variation of 
the angle during the capture, as long as the Kepler-energy of the small body relative to 
the central planet is negative. The beginning moment of the capture is the moment when 
the Kepler-energy of the captured body, relative to the capturing body, becomes 
negative. The end of capture is the moment when the Kepler-energy becomes positive. 
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In this paper we show that the chaos of the capture effect is transient and we have an 
analytical relation between scattering function and capture effect.  
 
 

A Double Pitchfork Bifurcation in the Generalized Henon-Heiles 
Problem  

Vasile Mioc, Cristina Stoica, Daniel Pasca  

Abstract: 
The motion of a material point of unit mass in a generalized Henon-Heiles field is 
addressed for two limit situations: collision and escape. Using McGehee-type 
transformations, the corresponding collision and infinity boundary manifolds pasted on 
the phase space are determined. The dynamics on the collision and infinity manifolds is 
fully described. The topology of the flow on the collision manifold is independent of the 
parameters. In the full phase space, while spiraling collision orbits are present, most of 
the orbits avoid collision. The topology of the flow on the infinity manifold changes as 
the ratio between the field parameters C and D varies. More precisely, there are two 
symmetric pitchfork bifurcations along the line 2C - 3D = 0, due to the reshaping of the 
potential along the bifurcation line. Besides rectilinear and spiraling orbits, the near-
escape dynamics includes oscillatory orbits, for which angular momentum alternates 
sign. 
 
 

Ground-Based Science of ESA’s Rosetta Mission Targets: (21) 
Lutetia and (2867) Steins 

Dan Alin Nedelcu, Mirel Birlan 

Abstract: 
The mineralogies of the asteroids (21) Lutetia and (2867) Steins were investigated in the 
framework of the ground-based science campaign dedicated to the encounter with the 
Rosetta spacecraft. Near-infrared (NIR) spectra of the asteroids in the 0.8-2.5 micron 
spectral range obtained with SpeX/IRTF in remote observing mode from Meudon, 
France, were analyzed together with previously acquired spectra. A chi-square test 
using meteorite spectra from the RELAB database was performed in order to find the 
best fit of complete visible + infrared (VNIR) spectra. For (21) Lutetia we find a clear 
spectral variation (slope), and a good correspondence between spectral variations and 
rotational phase. In the case of (2867) Steins the best-fit model for the constructed 
visible-plus-NIR spectrum is represented by a mixture of 57% enstatite, 42% oldhamite, 
and 1% orthopyroxene. These results place Steins in a subdivision of the E-type class 
with objects like Angelina, Eger, and Nereus. This group is not sampled by the current 
collection of aubrite meteorites. 
 
 



Exploring the Solar System and the Universe 

 24 

Narrow-Field Astrometry with Different-Quality CCD Cameras 

Petre Paraschiv, Octavian Badescu, Alin Nedelcu, Petre Popescu, Lubomir Iliev  

Abstract: 
PROTEL (Polar Robotic Telescope) programme involves studies and analyses for the 
correct choosing of the CCD detector. The performances of different CCD cameras 
were evaluated in tests performed in Belogradchik Observatory using the 60-cm Zeiss 
telescope. The studies involved the evaluation of: image quality, resolution, reliability, 
transfer rates, connectivity and temperature behavior. 
 
 

A Pilot Astrometric Survey of 59 Northern ICRF Radio-Sources 

Petre Popescu, Alin Nedelcu, Marcelo Assafin, Octavian Badescu, Petre Paraschiv, 
Lubomir Iliev, Alexander Antov 

Abstract: 
To investigate the link between the ICRF and the Hipparcos Catalog Reference Frame 
(HCRF) (IAU 2002), the most straightforward approach is from the astrometry of ICRF 
sources in the optical domain. In 2004 we have started, at the Belogradchik 
Observatory, Bulgaria, an observational program aiming at densifying the northern 
hemisphere coverage with precise astrometric ICRF source positions based on the 
UCAC2. Here we present pilot results for 59 sources. 
 
 

The Dumb-Bell’s Restricted, Photogravitational, Circular Three-Body 
Problem 

Rodica Roman, Tiberiu Oproiu 

Abstract: 
We study the dumb-bell’s planar motion within the framework of the photogravitational 
restricted three-body problem. The main topic of this paper is the connection between 
the translation and the spin motion of the dumb-bell, under the action of a 
photogravitational field generated by a binary system. The dumb-bell’s equations of 
motion in the orbital plane are established, first using an inertial reference system, and 
then a rotating one. A first integral of Jacobi-type is found. Then the equipotential 
surfaces and the equilibrium points are analyzed. A geometrical feature of equilibrium 
points is established. 
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Reflections on My Conjecture, and Several New Ones 

Donald Gene Saari 

Abstract: 
Simplifying assumptions used to determine the mass of galaxies include requiring the 
moment of inertia of the system to be constant. While this appears to be innocuous, over 
30 years ago I conjectured that this meant that the system was highly constrained; I 
suspected that it required the system to behave like a rigid body rotating in space. In this 
lecture, I will describe the history of my conjecture, point out other challenges, and 
describe some of the advances that have been made. 
 
 

Constant Inertia Trajectories, Saari’s Conjecture and More 

Cristina Stoica 

Abstract: 
The simplest non-collision solutions of the N-body problem are the relative equilibria, 
in which each body follows a circular orbit around the center of mass and the shape 
formed by the N bodies is constant. It is easy to see that the moment of inertia of such a 
solution is constant. In 1970, Saari conjectured that the converse is also true for the 
planar Newtonian N-body problem: relative equilibria are the only constant-inertia 
solutions. To this day, although it is believed to be true, Saari’s conjecture lacks a 
conceptual proof. This talk reports on two extensions to Saari’s conjecture. First, we 
present a generalization in the context of simple mechanical systems with symmetries. 
We show that if a simple mechanical system with n degrees of freedom is symmetric 
under the free linear action of a k-dimensional Lie group where k(k+1)/2 = (n-k), then a 
version of Saari’s conjecture holds except at specific isolated points. Second, we present 
proofs that several generalizations of Saari’s conjecture are generically true (in 
topological sense). Our main tool here is jet transversality, including a new version 
suitable for the study of generic potential functions. 
 
 

The LQAC Compilation of the Quasars Catalogues 

Jean Souchay et al. 

Abstract: 
The always increasing number of recorded quasars leads to make a general compilation 
of these objects by taking into account the astrometric, photometric, radio and redshift 
information. This work was achieved at Paris observatory under the acronym of LQAC 
(Large Quasar Astrometric Catalogue). We present the various improvements brought 
by this compilation. 
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Rehabilitation of Plate Information  

Liviu Serbănescu 

Abstract: 
In the digitized information from the plates archive errors may occur, caused by several 
factors as: physical degradation of the plates, the digitization process (from scanning, 
photographing, etc.), measuring processes (to obtain the coordinates for certain celestial 
objects that are on that plate), etc. Comparing common areas with similar measuring 
methods, models for the distribution of errors may be determined (for errors that may 
occur during digitization process, respectively the measurement process), or evolution 
models of the errors (in the case of used plates). These models may be used to 
compensate the occurring errors or to delimit them. In a digitized database, the 
comparing operations for common areas may be done automatically by the software, 
having as result the determination of the identical areas from star catalogs with minimal 
tolerance from the measurement and classification point of view, and having as result 
fuzzy models for the occurring errors. Using these fuzzy models, digitized plates library 
may give information regarding the level of “trust” of each digitized image. 
 
 

On the Elliptic Restricted Three-Body Problem 

Ferenc Szenkovits 

Abstract: 
The elliptic restricted three-body problem (ERTBP) describes the three-dimensional 
motion of a small particle under the gravitational attraction of two bodies (the 
primaries), which describe elliptic orbits in a plane around the centre of mass. 
Szebehely and Giacaglia (1964) obtained in the planar ERTBP a simple form of the 
equations of motion - similar to that in the case of the circular restricted three-body 
problem - by using the true anomaly of the primaries as the independent variable and by 
introducing a special set of dimensionless variables describing the position of the third 
body. They also deduced an invariant relation, the generalization of the Jacobian 
integral, known in the circular restricted three-body problem, and proved the pulsation 
of the zero velocity curves in the planar case. In this study new results concerning the 
ERTBP are presented. These results are related to the three-dimensional generalization 
of Szebehely’s invariant relation to the properties of the variable zero-velocity surfaces 
determined by using the invariant relations, and to possible applications of these results. 
 
 

Manev's Field Problem in Contemporary Science 

Katya Tsvetkova, Vasile Mioc 

Abstract: 
The Bulgarian physicist Georgi Manev proposed a gravitational field with a potential 
A/r + B/r2, where A and B are real parameters, as a classical alternative to special 
relativity in the period 1924-1930. Since 1993 his ideas have found new applications in 
the celestial mechanics, theoretical and gravitational physics (the so-called Manev-type 
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field) thanks to the systematic research initiated by the Romanian mathematicians and 
astronomers. The international conference dedicated to scientific legacy of Professor 
Georgi Manev and its reflection in the contemporary astronomy, theoretical and 
gravitational physics, gathered in Sofia in May 2004 physicists, astronomers and 
mathematicians, and stimulated significantly the work in this field. On the basis of the 
updated Manev’s Field Bibliography Data Base (publications based on this problem or 
which refer to it), we present here the publication metrics and some statistical results. 
 
 

Astrometric Plates in the Bucharest and Cluj Observatories Archives 

Katya Tsvetkova, Petre Popescu 

Abstract: 
In the Astronomical Institute of the Romanian Academy (Bucharest and Cluj-Napoca 
observatories) there are more than 19,000 wide-field plates. Most of the plates were 
obtained within the framework of astrometric programmes. The plates preserve 
information especially valuable for analyzing of the long-term variations (sometimes 
more than a century) of the positions, orbits, or dimensions of a lot of celestial objects 
or their pre-discovery history. Archives of selected digitized plates are under 
preparation in order to propose on-line access to the plate information (preview images 
for quick plate visualization, as well as real photometric scans). 
 
 

Combination of Space- and Ground-Based Astrometric 
Observations to Create Astrometric Catalogs 

Jan Vondrak, Vojtech Stefka 

Abstract: 
Modern space-based astrometric observations made by Hipparcos satellite yielded two 
principal catalogs in optical wavelength: Hipparcos and Tycho. These catalogs, that 
recently celebrated ten years of existence, contain star positions with unprecedented 
accuracy. However, their proper motions are, due to a relatively short interval of 
Hipparcos mission, quite often not as good as their formal standard errors indicate. This 
deficiency is especially significant for about twenty percent of double or multiple stars 
contained in these catalogs. The combination with ground-based astrometric 
observations that have much longer history is therefore very important for improving 
the Hipparcos proper motions. Significant improvement in this respect was achieved 
during the past years by creating combined catalogs, such as Tycho-2, FK6, GC+HIP, 
TYC2+HIP, or ARIHIP. Yet a large and important group of astrometric observations of 
latitude/universal time variations, made in the programs of monitoring Earth orientation, 
stood apart from these activities. Recently we started to use these observations, covering 
almost the whole 20th century, to create astrometric catalogs EOC-1, EOC-2, EOC-3 
and most recently EOC-4. To construct them, we used the Earth orientation 
observations in combination with the above mentioned catalogs. The latter two, EOC-3 
and EOC-4, contain not only the “classical” linear proper motions, but also periodic 
changes due to orbital motions, for a substantial portion of the observed stars. 
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Stability and Chaos in N-Body Problems  

Zhihong Jeff Xia 

Abstract: 
We will discuss various chaotic phenomena in the Newtonian N-body problem. In 
particular, we will address the following questions: What is chaos? Is the solar system 
stable? Can we put any good use to chaos? 
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Recent Progress in the Study of Oscillations in Coronal Structures 

Jose Luis Ballester 

Abstract: 
During last years, ground- and space-based observations have provided with strong 
evidence about the presence of oscillations in coronal structures such as loops and 
prominences. In this contribution, I will present some recent developments about the 
oscillatory behaviour of two inhomogeneous loops; the oscillatory behaviour of a multi-
stranded coronal loop; the theoretical modelling of prominence oscillations observed by 
HINODE, and the damping by resonant absorption of oscillations in prominence fibrils. 
 
 

A Comparison of the Acoustic Hardness of an Acoustically Active 
and an Acoustically Non-Active Solar Flare 

Diana Besliu-Ionescu, Alina-Catalina Donea, Paul Cally, Charles Lindsey 

Abstract: 
Recent corrections to some of the GONG B intensity images of flares allow us to image 
the acoustic power of white-light flare signatures. The images clearly show compact 
region of acoustic intensity at 6 mHz, which are spatially well correlated with the 
seismic signatures of the flares, if the flare proved to be acoustically active. It has been a 
puzzle why some of the white-light flares, mainly very strong flares, did not induce any 
seismic waves into the photosphere. We believe that a comparison of the white-light 
hardness between two flares seismically active and non-active is the clue to answer why 
some flares produce sunquakes and mostly of them no. 
 
 

Conditions for the Formation of CMEs Associated with Filament 
Eruptions 

Irina Bilenko 

Abstract: 
There are two classes of coronal mass ejections (CMEs): CMEs associated with active 
region magnetic activity and CMEs associated with filament eruption. They have 
different parameters, evolution, and structure. The relationship between filament 
eruptions and CMEs has been well established. But the trigger mechanism as well as the 
overall association between filament eruption and CME is not well understood. Space-
based observatories have provided a great deal of information on the initiation and 
evolution of CMEs. Observations obtained with SOHO, TRACE, and Yohkoh 
instruments combined with data from other space- and ground-based observatories are 
used to study the photospheric magnetic field evolution and coronal structure changes 
associated with the filament eruptions and CMEs. Some filaments do not show a linear 
rising motion. Their evolution and eruption is characterized by different stages, during 
which the initial filament structure and magnetic configuration change greatly. The 
mechanisms leading to energy release is discussed. Sometimes filament and observed 
CME are widely separated in position angle. This means that the motion of a filament in 
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the corona is not strictly radial. The evidences are found that in some cases filament 
eruption may be initiated by magnetic field evolution in a remote active region. In such 
a case, the movement of an erupted filament would be non-radial and it may be the 
explanation of the spatial discrepancy between filament locations and CMEs. 
 
 

Multiwavelengths Study of the Active Region 09778 

Iulia Chifu, Oana Chiricuta, Cristiana Dumitrache 

Abstract: 
In this work we have studied the evolution and decay of the active region 09778, 
observed between 8 and 19 January 2001. We used data from LASCO, BBSO, Mauna 
Loa, and we analyzed the evolution in different wavelengths. This region produced few 
flares. We have analyzed the 3D coronal magnetic field evolution in search of the 
magnetic reconnections extrapolated from MDI/SOHO magnetograms. Below this 
active region a filament displayed plasma movement in connection with the region 
dynamics. 
 
 

Polar Filament Evolution 

Diana Rodica Constantin, Cristiana Dumitrache, Constantin Oprea, Marilena Mierla 

Abstract: 
A huge polar filament was observed between 28 December 2000 and 7 January 2001. 
We have analyzed its dynamics, variation of the length, title angle (for chirality’s) and 
their correlation with the differential rotation variation. A very interesting aspect in this 
filament evolution is a CME occurring after a mild helical up-warded movement of 
plasma on 7 January, but after the filament was on far side. There are not neighbouring 
active regions as deduced from MDI observations; therefore we have studied at high-
scale magnetic field using the method of 3D magnetic field. 
 
 

Contributions to the Sun-Heliosphere Studies Using SOHO and 
Ulysses Data 

Cristiana Dumitrache 

Abstract: 
CMEs are one of the most amazing solar phenomena with deep implications in 
terrestrial life, too. Our project covers the follow up of a CME from the solar source to 
the interplanetary space, using ESA missions. Our research focuses on active regions 
evolution and magnetic field extrapolation in 3D to reveal magnetic reconnections 
responsible for flares and other phenomena. Large scale magnetic reconnections are 
frequently responsible for the filaments destabilization and CMEs onset. Huge polar 
prominences or complex filaments appearing near the solar maximum and the period of 
polarity changes often end in spectacular CMEs. SOHO and ground based 
multiwavelengths observations gain us understand of these phenomena. Another 
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objective of our research is the link between the solar sources of CMEs and the ICMEs 
registered by Ulysses. The track back of the ICMEs to the Sun constitutes in a challenge 
and we tried to make connections between the phenomena registered by SOHO and 
Ulysses during the solar maximum northern polar passage. 
 
 

Predicting the Onset of Solar Eruptions 

Terry G. Forbes 

Abstract: 
Large solar eruptions, including those which produce coronal mass ejections, are most 
likely the result of a rapid release of magnetic energy, which has been previously stored 
in the corona. A primary puzzle regarding such a process is the identity of the 
mechanism that triggers the energy release and initiates the eruption. One possibility is 
the onset of an ideal-MHD instability or, more generally, a sudden loss of an ideal-
MHD equilibrium. A mechanism of this type would easily account for the fact that large 
eruptions typically occur on the Alfven timescale in the corona. Another possibility is 
the onset of a resistive instability that involves magnetic reconnection, for example, the 
tearing mode. Models of both types have recently been developed, as well as hybrid 
models that involve ideal and resistive processes acting in tandem. 
 
 

Physics of the Solar Chromosphere 

Petr Heinzel 

Abstract: 
We present an overview of our current knowledge of the chromospheric structure and 
dynamics. New models have been designed using high-quality data from space missions 
(SOHO, TRACE, Hinode), as well as from large ground-based facilities. Our new 
approaches are directed to understanding the 3D and time-dependent behaviour of 
highly structured and dynamical chromosphere and we will show new observational 
constraints for radiation-hydrodynamical modelling. Solar-stellar connections will be 
also briefly mentioned. 
 
 

On the Origin of Turbulent Fields in Interplanetary Plasmas 

Marian Lazar, Reinhard Schlickeiser 

Abstract: 
Solar coronal mass ejections are one prominent example of interpenetrating particle 
streams of different properties: densities, speeds, temperature, composition, etc. Such 
counterstreaming plasmas are quickly unstable leading to the excitation of purely 
growing instabilities of filamentation or Weibel type. Here it is demonstrated that these 
instabilities and their cumulative effect provide a plausible mechanism for the origin of 
two-dimensional magnetic field fluctuations in interplanetary medium. 
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Linear Incompressible MHD Waves in Periodic Magnetic Solar 
Structures 

Alexandru Marcu, Gabriela Mocanu, Beniamin Orza 

Abstract: 
The spatial structuring of solar and space plasmas is known to have a dispersive effect 
on waves. Many solar features possess a periodic structure having alternating properties. 
Here the effect of periodic alternation of magnetic slabs on wave propagation is studied 
using the Bendickson and Dowling model. The dispersion relation and criteria for the 
appearance of standing waves is derived and analyzed by taking into account the spatial 
scaling of the system and the strength of magnetic field. It is shown that for narrow 
frequency bands of the incident waves there is a correlation between observed standing 
waves and number of medium slabs. 
 
 

Observing, Modelling and Predicting the Effects of Solar Radio 
Bursts on Radio Communications 

Mauro Messerotti 

Abstract: 
The Sun is a source of broadband radio noise, which can reach significantly high levels 
during outbursts associated with the time evolution of the activity cycle. The statistics 
point out that the maximum occurrence frequency and intensity of solar radio bursts 
(SRBs) are observed in the proximity of the activity maximum, but relevant phenomena 
can occur also in the raising and declining phases of the cycle. Both theoretical 
estimations based on extensive statistical analyses carried out in recent years and direct 
observations performed in the past solar activity cycle indicate that solar radio bursts 
can interfere wireless communications as well as Global Navigation Satellite Systems. 
In this work, we briefly review the theoretical basis and the experimental evidences to 
date and we show the effectiveness of fast multichannel solar radiopolarimeters, like the 
Trieste Solar Radio System, in monitoring and predicting solar radio noise increase in 
the framework of Space Weather applications. 
 
 

Mass Estimates and Wave Propagation for the Eruptive Event 
of 8 January 2002  

Marilena Mierla, Adrian Sabin Popescu 

Abstract: 
It is still not well known what role prominences play in the initiation and evolution of 
coronal mass ejections. A part of this study consists in estimating the prominence mass, 
using EIT data. The method, applied on the eruptive event on 8th of January 2002, is 
based on the ratio of the eruptive prominence mass to the mass of the quiescent corona. 
In this way we can observe whether the mass was added or lost during the eruption. The 
other purpose of this study is to determine the general properties that must be fulfilled in 
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the corona for the EIT wave propagation. The local magnetic field density will be used, 
in a qualitative way, to estimate the amplitude and the velocity of the EIT wave. 
 
 

Effects of Large Solar Events on Atmospheric Drag of Earth Artificial 
Satellites 

Liviu Mircea 

Abstract: 
Sharp bursts of solar activity, in the form of highly energetic radiation (extreme UV and 
X-rays), mass transfers (coronal mass ejections) and energetic charged particles 
(electrons, protons and ions), act on the upper atmosphere of the Earth, and change its 
state parameters (temperature, structure-altitude distribution, chemical composition and 
density) and also interact with the Earth’s magnetic field. Each of these physical 
processes creates Joule effects which puff up the Earth’s atmosphere. This solar outputs 
increase dramatically during cyclic periods of intensive solar activity or due to irregular 
major storm events. These are causing high temporary correlation with the above 
mentioned state parameters perturbations, inducing thermospheric expansion and 
density increasing, generating atmospheric brake of terrestrial artificial satellites, 
reducing their orbital lifetime and requiring thrust maneuvers to maintain them at proper 
altitudes. Physical meaning of the presence of atmospheric drag variation is the rate of 
the “mean motion” change (variation of the orbital revolutions numbers per day) and the 
variation of perigee altitude, which both characterize the rate of loss in potential energy 
of the satellite. In this contribution we are taking into account the variations of orbital 
parameters of artificial satellites revolving at thermospheric altitudes and are object of 
different solar-terrestrial interactions. 
 
 

The Measure of the Solar Rotation 

Zadig Mouradian 

Abstract: 
After a short historical introduction, we shall give the characteristics for the rotation of 
the solar atmosphere. I will describe the three basic methods used for the measure of the 
solar rotation rate: the spectroscopic method, the tracer’s method, and the new global 
method. For each one we will comment on the method, its main properties and 
advantages, and show its field of application. Then we conclude with considerations on 
the rotation of solar interior. 
 
 

A CME-ICME Event Analysis 

Adrian Oncica, Nedelia Antonia Popescu, Cristiana Dumitrache 

Abstract: 
Our study focuses on the onset of spectacular CMEs ‘en raffale’ observed by SOHO and 
also on the possible corresponding ICME event registered by Ulysses. A huge filament 
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erupted two times on 15 August 2001. Part of the mass ejections propagated toward 
Ulysses. An important ICME was registered on 19 August 2001.  
 
 

Solar Flares of Different Types and their Influence on Formation of 
Interplanetary Medium Disturbances  

Aleksei Osokin, Moissei Livshits 

Abstract: 
Reasons for statistical relation observed between duration of nonstationary processes on 
the Sun and power of disturbances relevant in the interplanetary medium are studied. 
Homogeneous data on soft X-ray radiation of more than 50,000 flares make it possible 
to study their number distribution with duration for four ranges of event powers. Three 
event types are separated, namely, impulse flares of the total duration less than 30 
minutes, typical (two-ribbon) flares of less than 1-2 hours in duration, and very long-
term events including in phenomena in activity complexes and dynamical flares. These 
results are in good agreement with expected phenomena durations determined from the 
energy balance in the flare source of the soft X-ray radiation. In particular, free leaking 
of hot plasma generated takes place in impulse flares, while heating near a coronal-loop 
top is significant in two-ribbon flares and determines a whole process in prolonged 
flares. Comparison between data on soft and hard X-rays demonstrated rather powerful 
impulses are followed as a rule by formation of a coronal loop system. In an impulse 
phase of these typical flares, upward plasma flows appear near each footpoint with the 
increase of the total event duration resulting in CMEs and subsequent disturbance of the 
interplanetary medium. In the most prolonged flares, CMEs often give rise new flares 
formation, the ejection of substance from coronal levels continuing and increasing the 
CMEs and disturbances in the interplanetary space for a long time. 
 
 

Numerical Simulations of the Initiation and the IP Evolution of 
Coronal Mass Ejections 

Stefaan Poedts 

Abstract: 
Coronal Mass Ejections (CMEs) belong to the most violent and fascinating events in the 
solar system. These events involve large-scale changes in the coronal structure and 
significant disturbances in the solar wind. Especially the massive, fast CMEs are 
interesting to study as these events cause shocks that propagate through the 
interplanetary (IP) space. In these IP shock waves energetic particles continuously 
accelerate giving rise to gradual solar energetic particle events (SEPs). As a result, 
CMEs and the CME generated shock waves play a key role in the so-called space 
weather. Better mathematical models of the solar corona and of CME initiation events 
and IP CME evolution are required. We present recent results from numerical 
simulations of the initiation and IP evolution of CMEs in the framework of ideal 
magnetohydrodynamics (MHD). As a first step, the magnetic field in the lower corona 
and the background solar wind are reconstructed. Both simple, axi-symmetric (2.5D) 
solar wind models for the quiet sun as well as more complicated 3D solar wind models 
taking into account the actual coronal field through magnetogram data are 
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reconstructed. In a second step, fast CME events are mimicked by superposing high-
density plasma blobs on the background wind and launching them in a given direction at 
a certain speed. In this way, the evolution of the CME can be modeled and its effects on 
the coronal field and background solar wind studied. In addition, more realistic CME 
onset models have been developed to investigate the possible role of magnetic foot 
point shearing and magnetic flux emergence/disappearance as triggering mechanisms of 
the instability. Parameter studies of such onset models reveal the importance of the 
background wind model that is used and of the initiation parameters, such as the amount 
and the rate of the magnetic flux emergence or the region and the amount of foot point 
shearing. 
 
 

Models for Heavy Tailed Data and Applications 

Emil Popescu, Nedelia Antonia Popescu 

Abstract: 
An important topic in space research is represented by the study of statistical properties 
of the interplanetary magnetic field fluctuations, these being closely related to 
acceleration processes and energy transport in the solar wind. Analysis of the 
probability density functions of the velocity and magnetic field fluctuations has 
underlined their non-Gaussian properties on small time scales, and uncorrelated features 
at large scale. In this paper, numerical solutions of space-time fractional diffusion 
equations are used to analyze the presence or absence of heavy tails typically associated 
with multiscale behavior, in the case of the interplanetary magnetic field data obtained 
by Ulysses mission. 
 
 

Role of Small and Large Scale Magnetic Fields in Filament Eruption 

Brigitte Schmieder, Tibor Toeroek, Guillaume Aulanier 

Abstract: 
Solar filaments (or prominences) can be represented by twisted flux ropes in a bipolar 
magnetic environment. In such models, the dipped field lines of the flux rope carry the 
filament material and parasitic polarities in the filament channel are responsible for the 
existence of the lateral feet of prominences. We first argue that any change of minor 
polarities, as for example the cancellation of magnetic flux and the decrease of the 
strength of the magnetic background field, can be responsible for filament eruptions. 
We then present observations of large-scale changes of the magnetic field in the vicinity 
of filaments (divergence flows, shear, differential rotation) and discuss their role in 
filament eruptions. We finally focus on emerging flux within or in the vicinity of 
filament channels. For a particular event, observed with HINODE/XRT we find 
signatures of magnetic reconnection between the emerging flux and the pre-existing 
coronal field, but no eruption of the filament. We present numerical MHD simulations 
which show for the first time for a realistic 3D coronal flux rope model that emerging 
flux can trigger eruptions, but only if the changes in the coronal magnetic field due to 
the reconnection between the emerging and the pre-existing flux are sufficiently strong 
to allow the flux rope to become unstable and erupt. Based on the simulation results, we 
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suggest the main physical parameters, which decide whether emerging flux in the 
vicinity of a filament channel leads to the eruption of the filament or not. 
 
 

Realistic Three-Dimensional Numerical Simulation of Solar Local 
Supergranulation 

Sergey Ustyugov 

Abstract: 
I present results of three-dimensional numerical simulation of solar surface convection 
on scales of local supergranulation with realistic physical models. I study the thermal 
structure of convective motions in photosphere, the range of convection cell sizes and 
the penetration depths of convection. A portion of the solar photosphere extending 
horizontally on 100 x 100 Mm and from 0 Mm down to 20 Mm below the visible 
surface is considered. I take the equation of state and opacities of stellar matter and 
distribution with radius of all physical variables from the Solar Standard Model. The 
equations of fully compressible radiation hydrodynamics with dynamical viscosity and 
gravity are solved. The high-order conservative PPML difference scheme for the 
hydrodynamics, the method of characteristic for the radiative transfer and dynamical 
viscosity from subgrid scale modeling are applied. The simulations are conducted on a 
uniform horizontal grid of 1000 x 1000, with 168 nonuniformly spaced vertical grid 
points, on 228 processors with distributed memory multiprocessors on a supercomputer 
MVS5000 in the Computational Centre of the Russian Academy of Sciences. 
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Ultra High Photometry from Space - First Results 

Annie Baglin 

Abstract: 
After a few preliminary missions as MOST and WIRE, CoRoT is now delivering very 
accurate photometric data over long continuous periods of time, on a very large number 
of stars. Many subjects are questioned by these data. First evidently the discovery of 
transiting planets will enlarge considerably the statistics and contribute significantly to 
the validation or not of formation theories. Then unexpected seismology behaviors face 
difficulties to be interpreted, showing the variety of stellar properties. Topics like 
activity and rotation start to be seriously unveiled with the accuracy of CoRoT. 
Eclipsing binaries are also widely represented. The success of CoRoT allows to prepare 
second generation missions with confidence. Some of them will be described. 
 
 

Environmental Effects on Galaxies in Clusters 

Chantal Balkowski 

Abstract: 
Galaxies in clusters are affected by their environment. I will present examples of 
multiwavelength observations of spiral galaxies in the Virgo cluster and a comparison 
with simulations in order to date the stripping event and to understand the past history 
of the galaxies after they enter into the cluster. 
 
 

Extragalactic Globular Clusters: Tracers of Galaxy Evolution 

Lilia P. Bassino  

Abstract: 
The study of globular cluster systems (GCSs) provides clues about different topics 
related to galaxy evolution. In the past years we have been investigating the GCSs of 
galaxies in the Fornax and Antlia clusters, particularly those associated to the cluster-
dominant galaxies.We present here the main results related to these GCS properties. All 
of them have bimodal colour distributions, even those around low-luminosity galaxies 
that correspond to the metal-poor (“blue”) and metal-rich (“red”) globular cluster (GC) 
subpopulations. The radial and azimuthal projected areal distributions of the GCs are 
also analysed. Total GC populations are estimated through the luminosity functions. We 
stress on the properties of the GCSs that allow us to trace possible interaction processes 
between the galaxies, like tidal stripping of GCs. The observational material consists of 
CCD images obtained with the wide-field MOSAIC Imager of the CTIO 4-m telescope 
(La Serena, Chile), and the FORS1 camera at the VLT “Antu” 8-m telescope (Cerro 
Paranal, Chile). 
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Exo-Planets Transits: Orbit and Mass Estimations 

Alexandru Dumitrescu, Marian Doru Suran, Stefan Gabriel Sorescu 

Abstract: 
The modern astrophysical techniques allowed the observation of the exo-planets 
transits. The high accuracy photometric and spectroscopic observations provide 
substantial information about the exo-planetary system. The observational data consist 
of the photometric light curve generated by the planet transit and the radial velocity 
curve of the central star. The interpretation of these curves makes possible the 
estimation of some parameters as: mass ratio, separation, orbit inclination, radius of the 
central star. We present different interpretation methods depending on the available 
observational data. 
 
 

The First Ground-Based Observations of the Eclipsing Binary 
V449 Aur Made at Bucharest Observatory 

Alexandru Dumitrescu, Marian Doru Suran, Stefan Gabriel Sorescu 

Abstract:  
The binary system V449 Aur was observed in Bucharest Observatory using the 50-cm 
telescope. The light curve and the preliminary elements are presented. 
 
 

Looking into B Star Interiors by means of Asteroseismology 

Wojciech Dziembowski 

Abstract: 
Precise modelling of upper main sequence stars is important for a quantitative 
description of massive star evolution, up to the end as white dwarfs or supernovae, and 
chemical evolution of galaxies. However, there are still significant uncertainties 
resulting mostly, but not only, from our poor understanding of transport processes. Data 
on pulsating objects, in particular on beta Cephei stars, provide us valuable constraints 
on parameters describing efficiency of these processes and assess the overall accuracy 
of present stellar models. After a brief survey of properties of main sequence B star 
pulsation, I will review ways of extracting information on stellar interior structure and 
rotation from pulsation data and present results for selected objects. 
 
 

Stark Broadening of O V 1371 A Line in Stellar Atmospheres 

Milan S. Dimitrijevic, Andjelka Kovacevic, Zoran Simic, Miodrag Dacic 

Abstract: 
The Stark broadening of O V 1371 A spectral line observed in stellar atmospheres of 
hot stars is considered. The corresponding Stark broadening parameters were 
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determined within the semiclassical method. We found that Stark broadening 
mechanism is very important in atmospheres of hot stars like DO white dwarfs and 
should be taken into account. 
 
 

Electron-Impact Broadening of Ar I 737.212 nm Spectral Line for 
Stellar Atmospheres Research 

Milan S. Dimitrijevic, Magdalena Christova, Zoran Simic, Sylvie Sahal-Brechot 

Abstract: 
With the development of space-born spectroscopy, the importance of atomic data, 
including the Stark broadening parameters, for trace elements like argon, increases. For 
example argon is found in CVn binary σ

2 Coronae Borealis, and recently, argon lines 
are observed in the optical spectrum of the Be star Hen 2-90. Also argon abundance has 
been determined from spectral lines, e.g. for LSE 78, an extreme helium star, for the 
similar star BD-9-4395, for DY Cen and γ Peg. Consequently, electron-impact (Stark) 
line-broadening parameters for neutral and ionized argon are of interest for the 
modelling and investigation of astrophysical plasmas. Here are determined needed Stark 
broadening parameters (width and shift) for Ar I 737.212 nm spectral lines on the basis 
of the impact theory within the semi-classical perturbation approach. 
 
 

The Beta Cephei Type Variable Star BW Vulpeculae 

Ladislau Farkas 

Abstract: 
The observations, light curves and preliminary elements for this star are presented. 
 
 

LITTLE THINGS Survey - A Quest to Understand Dwarf Galaxies 

Dana Ficut-Vicas 

Abstract: 
Presently, an international team of researchers is undertaking a knowledge odyssey into 
the subject of dwarf galaxies: the LITTLE (Local Irregulars That Trace Luminosity 
Extremes) THINGS (The HI Nearby Galaxy Survey) project. Although dwarfs are the 
most common type of galaxies, some of their charms are still kept away from our 
understanding: why is the star formation so different in small galaxies than in spiral 
galaxies; how do giant cloud complexes and stars form at all in sub-threshold gas. The 
project was granted VLA (Very Large Array) observing time (376 hours in B, C and D 
arrays) to obtain maps in the 21-cm line of neutral hydrogen (HI) able to show clouds, 
shells and turbulent structures important for star formation as well as extended, low-
density gas around the star formation regions. The radio data will be combined with 
optical data (Halpha images) and GALEX data (UV images) for tracing star formation 
in the inner, as well as the outer parts of the galaxies. The LITTLE THINGS Survey is 
the attempt to shed some light on the star formation mechanisms in dwarf galaxies, to 
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provide missing links in our understanding of galaxy evolution and, by studying their 
kinematics, to address the Dark Matter problem. 
 
 

Constructing Exact Solutions for Special Cases of Einstein 
Equations in Vacuum 

Vladimir S. Gerdjikov 

Abstract: 
We analyze and construct soliton solutions for a class of Einstein equations in vacuum 
whose metric tensor depends on only two variables. These equations allow Lax 
representation. Therefore it is possible to derive explicitly their soliton solutions using 
the dressing Zakharov-Shabat method.  
 
 

Measurements of Stellar Structure through Asteroseismology 

Hans Kjeldsen 

Abstract: 
Asteroseismology (using stellar oscillations to study the interior of stars) is a relatively 
new and growing research field in astrophysics. Recent developments have led to a 
breakthrough in our study of the details of cores of solar-like stars and it is foreseen that 
a number of key science questions will be addressed through the analysis of frequencies 
and other properties of stellar oscillations. Oscillations are found in stars of most masses 
and essentially all stages of evolution. Their frequencies are determined by the internal 
sound-speed and density structure of the stars, as well as rotation, convection processes 
and possibly effects of magnetic fields. In this talk I will present some of the latest 
results from asteroseismology of solar-like stars, including the analysis of oscillation 
frequencies in alpha Centauri A and B, beta Hydri and Procyon. I will also describe how 
we may use the data from the CoRoT, Kepler and SONG projects to do detailed studies 
of stellar structure and evolution in the near future. 
 

On the Magnetic Fields in Active Giants 

Renada Konstantinova-Antova, Michel Auriere, Remi Cabanac, Pascal Petit, Jean-
Francois Donati, Svetlana Boeva, Alexander Antov, B. Spassov 

Abstract: 
Direct detection of the magnetic field longitudinal component in single active giants 
was carried out in the framework of the Bulgarian-French collaboration. The 
spectropolarimeter NARVAL and the 2-m telescope at Pic du Midi were used. First 
results and possibilities for a larger study on this topic are discussed. 
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Pulsational Stability of Rotating Stars 

Umin Lee 

Abstract: 
I revisit the problem of pulsational stability of low frequency g modes of rotating stars. 
The effects of rotation on the pulsational stability are attributed to the Coriolis force and 
the centrifugal force. Although the Coriolis force does not affect the equilibrium 
structure of rotating stars, the centrifugal force does have appreciable effects on the 
equilibrium structure and hence their evolution. As suggested by Walker et al (2005), 
low frequency retrograde g modes of rapidly rotating Be stars are stabilized by the 
effects of rapid rotation, and it is useful to find how such a strong and selective 
stabilization effect occurs to low frequency modes. I examine the pulsational stability of 
low frequency g modes by taking account the effects of both the Coriolis and the 
centrifugal forces, where the rotational (spherical) expansion is included when 
calculating the equilibrium models and the effects of the Coriolis force and the 
rotational deformation are considered in the pulsational stability analysis, that is, 
nonadiabatic oscillation calculation. 
 
 

Stellar and Exoplanetary Astrophysics in the Era of Spacebased 
Ultraprecise Photometry 

Jaymie Mark Matthews 

Abstract: 
When we meet in Bucharest, we will be celebrating the centenary of the Bucharest 
Observatory. The half-centenary of the space age of humanity will have been marked 
less than a year before. In the past fifty years, orbiting observatories have opened our 
eyes to unexpected phenomena in astrophysics by opening windows on new wavelength 
ranges. Recently, a new generation of photometric satellite missions has also widened 
our vision. Not by opening our eyes wider, but rather by allowing us to keep our 
telescopic eyes open longer and to be more sensitive to subtle changes in the flux of 
starlight that reaches them. These spacebased pioneers are providing new challenges 
and perspectives on Sun-like stars, which complement the studies of our own Sun by 
solar astronomers like those at the Bucharest Observatory. What are we learning from 
missions like WIRE, MOST and CoRoT and what can we expect to learn from Kepler? 
I will show how extended continuous time coverage and unprecendented photometric 
precision from space have had exciting impacts across the entire HR Diagram. Acoustic 
oscillations (p-modes) in solar-type stars, red giants, pre-main-sequence stars, and 
magnetic chemically peculiar stars mean that asteroseismology can probe the entire life 
cycle of a star. The g-modes of massive stars and possible strange modes (or lack 
thereof) in Wolf-Rayet stars are testing models of supernova precursors, and shedding 
light on whether light alone (radiation pressure) can account in some cases for the dense 
high-velocity WR winds. We are now able to measure the surface rotation profiles of 
young active solar-type stars and the cloud properties of giant exoplanets. We can 
search for exoEarths. And all this has been possible in less than a decade. The next 
decade holds tremendous promise. Even the few months between the time at which I’m 
writing this abstract and when I will give the talk in Bucharest will add new discoveries 
to the list above. I usually talk too much, but for this talk, I think it will be justified. 
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CoRot, a New Insight on the Field of Stellar Oscillations 

Eric Michel 

Abstract: 
More than one year after its launch, CoRoT is carrying on its observational programme, 
building up a unique set of rapid photometry data on a significant sample of pulsating 
stars. This material will shed a new light on this wide exciting field of research. We will 
discuss some of the first new elements raised by these observations.  
 
 

Non-Archimedean Cosmology 

Zarko Mijajlovic, Nadezda Pejovic 

Abstract: 
We shall try in this contribution to apply non-standard analysis in cosmology. In the 
suggested non-standard cosmological model we describe infinite distance, time intervals 
and masses appearing in cosmological scales. In particular, we shall discuss the non-
Archimedean structure of Minkowski space-time and models with infinitely large 
number of particles. Similar investigations were performed by V.S Vladimirov, A. Yu. 
Khrennikov, B. Dragovic and their followers, but by use of p-adic numbers, see for 
example, p-adic Mathematical Physics, AIP Conf. Proc. 826. Our approach is based on 
non-standard analysis, in particular by use of saturated structures. 
 
 

Phemu 2003 Campaign - CCD Observations Made at Cluj-Napoca 
Astronomical Observatory 

Dan Moldovan 

Abstract: 
The CCD-observations of mutual events (occultations and eclipses) in the system of 
Galilean satellites of Jupiter have been carried out in the period of November 2002 to 
Mars 2003 at Cluj-Napoca Astronomical Observatory using MEADE 16" LX200 
optical instrument and a CCD Meade Pictor 416 camera. The observations were carried 
out corresponding to the ephemerides of mutual events calculated by J.-E. Arlot (2002, 
A&A, 383, 719-723). 30 photometric observations for 17 occultations and 13 eclipses 
have been performed. The data we are using were processed and reduced with 
AIP4Win2.0 software by V. Turcu (Cluj-Napoca Astronomical Observatory). The 
moments of time were fixed in the time scale UTC, and the accuracy of registration is 
0.5 s. The Gaussian models and cubic spline functions were used to aproximate the light 
curves. The results are given in tables and graphics. 
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Our Galactic Neighbourhood - a Melting Pot of Migration 

Birgitta Nordstrom 

Abstract: 
Spiral galaxies are an important part of the visible Universe. In the prototype, our own 
Milky Way, can we observe the most important component of a spiral galaxy, the disk, 
in unprecedented detail. In the Solar neighbourhood we can determine the numbers, 
ages, detailed chemical compositions, and galactic orbits of stars from the entire history 
of the disk with a completeness and accuracy not available anywhere else in the 
Universe. Therefore, the solar neighbourhood is a fundamental benchmark for all 
models of the evolution of galaxy disks. The Geneva-Copenhagen Survey (Nordstrom et 
al. 2004) has full spatial, kinematic, metallicity and age information for 14,000 long-
lived stars and provides a rich source of data for tests of models of evolution and 
formation of the Galaxy. We find that classical evolution models for the Galactic disk 
fail several of the standard tests related to the stellar metallicity distribution, age-
metallicity relation, and age-velocity relation. The classical evolution paradigm of 
gradual enrichment and dynamical heating of galaxy disks with time will be discussed 
(Holmberg, Nordstrom, Andersen 2007; Seabroke and Gilmore 2007). Both dynamical 
and kinematic evolution need to be taken into account in sufficient detail by the models 
to match the best data. A search for signatures of past accretion events in the Milky 
Way (Helmi et al. 2006) has yielded evidence of ancient substructure in the Galactic 
Disk. 
 
 

Star Formation and Evolution of Galaxies 

Jan Palous 

Abstract: 
This review discusses how the star formation influences the evolution of galaxies. 
Processes in the ISM combine the gravitational instability with hydrodynamical 
instabilities triggering formation of stars. Various feedback processes operating in star 
forming regions such as stellar winds, ionizing radiation and supernova explosions will 
be mentioned. The bubbles of hot gas containing the yields from stellar evolution 
surrounded by expanding shells compose the complex structure of the ISM. The 
hydrodynamics of winds of super star clusters and formation of galactic winds blowing 
to large distances from parent galaxies will be discussed. The star formation in the early 
Universe distributing the metals into first galaxies will also be mentioned. 
 
 

Y Leonis Reloaded 

Alexandru Pop, Vlad Turcu, Alexandru Marcu 

Abstract: 
The aim of the present contribution is to stimulate the interest in observational and 
theoretical study of the Algol-type binary system Y Leonis. Different arguments are 
presented from both the viewpoint of stellar photometry and orbital period variability. 
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The problem of the influence of the possible activity cycle of the secondary component 
on the orbital period is also approached. 
 
 

Detection and Diagnosis of Low-Level Stellar Variability in 
Nonevenly Spaced Data 

Alexandru Pop, Calin Vamos 

Abstract: 
An important goal of astronomical time series analysis is the detection of low-level 
stellar variability. The next step is the diagnosis of the detected variability, i.e. one have 
to discriminate among the specific contributions of noise, periodicity, or more complex 
variability phenomena. The preliminary results of our investigations on simulated time 
series with nonevenly sampling using Monte Carlo type methods are presented. 
 
 

RT Andromedae: Period Variation Revised 

Alexandru Pop, Rodica Roman 

Abstract: 
In a previous paper on the orbital period variability of RT Andromedae we found strong 
evidences for the presence of a 29.4 years periodicity in its O - C curve. We also found 
other two shorter possible periodicities: 9.56 and 5.86 years. A recent photometric study 
of RT And concluded that the stellar activity cycle in this binary may have a periodicity 
of 6.69 years. This value is close to the shortest periodicity emphasized by us from 
timing data. The aim of the present study is to reanalyze the timing data available at this 
moment in order to investigate the possible relation between the orbital period 
modulation and the activity cycle of RT And.  
 
 

The Centenary of Blazhko Effect 

Vasile Pop 

Abstract: 
The Blazhko effect is a periodic amplitude and/or phase modulation of the light curve 
with a timescale of about five to hundreds of days (Jurcsik et al. 2006, arXiv: astro-ph 
0603496v1) in many types of pulsating stars in different stages of their evolution. This 
phenomenon was first detected in the important class of RR Lyrae stars by the Russian 
astronomer Sergey Nikolaevich Blazhko (1870-1956). A century ago Blazhko (1907, 
Astron. Nachr. 173, 325) was the first to report this phenomenon in the RR Lyrae star 
RW Dra, now known as the Blazhko effect. It was almost a decade later that Shapley 
(1916, Ap. J. 43, 217) found that the amplitude and light curve shape of RR Lyrae itself 
changed with a 41-day secondary period. More than 90% of the known globular cluster 
variables are RR Lyrae stars. The incidence rate of Blazhko variables among the RRab 
(RR0) stars is about 20-40% and for the RRc (RR1) Blazhko stars this rate is less than 
5% (Moskalik and Poretti, 2003, A&A 398, 213). Period changes, too fast to be of 
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evolutionary nature, are also reported in RRab Blazhko stars. Some field Blazhko stars 
(RR Lyr, XZ Cyg, RW Dra, etc.) are reported to display, beside their Blazhko cycles, 
also very long cycles, of the order of years, which remind us of the solar activity cycle 
(Szeidl, 1988, in Multimode Stellar Pulsations, p. 45; Pop, 1978, Studia Univ. Babes-
Bolyai, Math., 1, 21). Recently Goransky and Barsukova (2007, Astronomer’s Telegram 
No. 1120) shows that the V79 in the globular cluster Messier 3 was known as RRab 
type star with the period of about 0.483 days during the century after its discovery by 
Bailey in 1895, but, in April 1992, the switch of mode occurred and the first overtone 
with the period of 0.359 days became the dominant mode. The June 2007 CCD 
observations show that V79 passes through the reverse switch from dominant first 
overtone to fundamental mode with period 0.4825 days. The light curve is typical for an 
RRab star with the amplitude of 1.2 mag, and shows a pronounced amplitude 
modulation with an unusually small period of about 1.389 days. This phenomenon was 
unprecedented for the class of RR Lyrae stars. There is no accepted explanation of the 
origin of the Blazhko effect, although it has been suggested that it could be caused by 
mixing of pulsation modes or magnetic cycles. All viable models for this phenomenon 
assume the presence of nonradial component. Chandid et al (1999, A&A 352, 201), 
Kolenberg (2000, ASP Conference Series, Vol 203, 286), using spectroscopic data 
spread poorly over the Blazhko cycle, claimed for the first time the detection of 
nonradial modes in RR Lyrae itself. It is clear that we cannot claim to understand RR 
Lyrae pulsations without being able to explain the Blazhko effect. The “Blazhko 
Project” is an international collaboration that was founded in Vienna at the end of 2003 
aiming at a better understanding of the physical mechanism responsible for the 
modulation (Kolenberg 2004, Proceedings IAU Symposium No. 244, 376). I present an 
overview of the status of research devoted to the Blazhko effect and the Romanian 
contributions are emphasized. 
 
 

Knot-Based Large-Scale Structure Code  

Adrian Sabin Popescu 

Abstract: 
In the Dimension Embedded in Unified Symmetry (D.E.U.S.) we made a qualitative 
description of the way in which we can construct the Large Scale Structure of the 
Universe from the knot-particle equivalence. Even that we are limited by the lack of 
computational power implemented on a nonlinear computational architecture needed to 
conduct this study to its finish, we are still able to give the algorithm to be used in a 
future simulation, on a, let say, quantum computer. 
 
 

Dust in Galaxies 

Cristina Carmen Popescu 

Abstract: 
Here I will review recent observational and theoretical work that has advanced our 
understanding of dust in galaxies and discuss its implication for the field of galaxy 
formation and evolution. 
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Galaxy Pairs and Groups in the AGNs’ Environments 

Nedelia Antonia Popescu 

Abstract: 
Combining optical-NIR photometrical data and HST/WFPC2 morphological data for 
galaxies in the environments of four AGN at z~1, we carry out a morphological, 
photometrical and dynamical study of elliptical galaxies and disk galaxies properties, at 
different stages of interaction. The goal of this study is to analyze the properties of 
galaxy pairs and groups with respect to their parent sample, and to analyze the 
interaction effects (mergers, “dry mergers”) on color and morphology of galaxy pairs, 
especially for disk galaxy pairs and mixed morphology pairs. 
 
 

Probing the Physics and Kinematics of AGN Emitting Regions Using 
Line Shapes 

Luka C. Popovic 

Abstract: 
The narrow and broad emission lines are present in spectra of Active Galactic Nuclei 
(AGN). Their shapes and intensities give us opportunity to investigate the physical and 
kinematical properties in the central part of AGN. Narrow emission lines (with widths ~ 
several 100 km/s) are originated in an extensive region (so-called Narrow Line Region - 
NLR) which can be resolved in the nearest AGNs, while broad emission lines (with 
widths ~ several 1000 km/s) are formed in a very compact region (so-called Broad Line 
Region - BLR) in the central part of AGNs. The investigation of their shapes provides 
information on the conditions of the emitting gas surrounding a black hole, assumed to 
be in the center of such objects. In this talk we will discuss the importance of the AGN 
spectral line shape investigations from X-ray (Fe K-alpha line) to optical wavelength 
band. The methods for investigation of kinematics and physics of the emitting gas in 
NLR and BLR using line shapes as well as the external effects that can disturb line 
profiles in these objects (as e.g. gravitational microlensing) will be discussed. 
 
 

V477 Cygni - A Theoretical Approach of the Apsidal Motion 

Rodica Roman 

Abstract: 
The existence of various values for the apsidal period of V477 Cygni, a lack of values 
for apsidal motion constants and a suspicious presence of a third body in the binary 
system have incited our interest for a new analysis of apsidal motion. We assumed that 
both components are main sequence stars. In order to determine independent values for 
the apsidal constants, we used the elliptical restricted three body problem. In addition 
we considered the tidal and rotational effects, too. The corresponding results are 
coupled with the classical study of apsidal motion, and a system of three equations with 
the unknowns: the apsidal constants and the abscissa of the first Lagrangian point are 
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established. Numerical computations lead to the apsidal period U = 377 years. These 
results are not affected by an eventual presence of a third body. 
 
 

Exoplanets 

Eleni Rovithis-Livaniou 

Abstract: 
A short review concerning the exoplanets, i.e. the planets revolving around stars other 
than our Sun, will be presented and discussed. More analytically: the methods used and 
the up to now results will be given. Besides, as during the last years the number of 
exoplanets has increased, we have the opportunity to compare them between, and with 
those of our solar system. Moreover, the now on as well as the future missions will be 
referred. 
 
 

Modelling Pulsations of Magnetic Ap Stars 

Hideyuki Saio 

Abstract: 
Some chemically peculiar Ap stars with strong (a few kG) magnetic fields pulsate (or 
oscillate) with periods much shorter than the fundamental pulsation period; i.e. they 
pulsate in high-order nonradial p-modes. We call them roAp (rapidly oscillating Ap) 
stars. So far, about thirty roAp stars are known. The coupling between a p-mode 
pulsation and a magnetic field shifts the pulsation frequency, damps the pulsation, and 
modifies the amplitude distribution significantly. I will talk about methods to calculate 
p-mode frequencies and eigenfunctions of a magnetic star, and some theoretical results 
as well as comparisons with observations. 
 
 

The Seismology of the Universe - the Inverse Method in Cosmology 

Marian Doru Suran  

Abstract: 
In the early ‘90s our cosmological team at Bucharest Observatory investigated the 
problem of the correlated signals in the 1D deep pencil beams (BECS) and in the long 
tail of the correlation functions using 3D catalogues of galaxies (LCRS), clusters of 
galaxies and superclusters of galaxies (North and South poles surveys). A significant 
signal at r = 100 h**(-1) Mpc was found. Depending on different cosmological 
scenarios, this signal was interpreted as a nonlinear response of the superclustering in a 
CHDM scenario or as a signal of the linear structure evolution in a CDM /LCDM 
scenario (after the discovery of the reacceleration of the Universe in 1998). Baryonic 
features in the correlation functions and in the corresponding power spectra represent a 
strong consistency test for the cosmological models. Such features are the direct results 
of small density fluctuations in the early Universe, prior to the recombination epoch. At 
these epochs the baryons were tightly coupled with photons and shared the same 
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pressure-induced oscillations that lead to acoustic peaks in the CMB. Theoretical 
descriptions isolate better the unique and robust observational signature of the physical 
processes in the early Universe and quantify their scaling with cosmological parameters. 
These also probe parameters degeneracies and suggest possible consistence tests with 
the related effects in CMB. Used as an inverse method, these tests allow us the 
determination of precise cosmological parameters values for the post-inflationary 
Universe, giving answers to the problems related to the formation and evolution of 
material structures in the radiation and matter dominated epochs, and to the behaviour 
of the EoS for the inflating and the reaccelerating Universe. 
 
 

About the Star ε Oph 

Marian Doru Suran, Dumitru Pricopi  

Abstract: 
We present in this paper the results obtained for the star Epsilon Ophiuchi using the 
ROMOSC asteroseismological method (CESAM2k+LNAWENR) Comparisons with 
the similar results obtained by the MOST team are also presented. 
 
 

GP Andromedae Survey Byproducts 

Vlad Turcu, Alexandru Pop, Dan Moldovan 

Abstract: 
The Delta Scuti star GP Andromedae was observed at the Cluj-Napoca Astronomical 
Observatory between 2002 and 2007. During this period we obtained more than 10,000 
CCD frames in 17 nights, containing five possible comparison stars. The differential 
photometry of these stars revealed possible long-term variability for one of them, while 
preliminary statistical analyses emphasize the possible microvariability in two other 
cases. The variability survey of these stars is approached through complementary 
methods. The preliminary results of our analyses are presented. 
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Abstract. The influence of Stark broadening on the shapes of Cr ii spectral
lines observed in stellar atmospheres is considered.
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– line: profiles – atomic processes – atomic data.

1. Introduction

Chromium is one of the most peculiar elements in the atmospheres of magnetic
chemically peculiar stars. In order to provide the atomic data required to cal-
culate lines profiles of this element, we have calculated Stark widths and shifts
for the strongest Cr ii multiplets. The calculations were performed within the
semi-classical perturbation formalism after Sahal-Bréchot (1969 a, b). Our re-
sults for seven Cr ii multiplets are shown in Table 1 of Dimitrijević et al. (2007).
The results obtained are used to analyze the contribution of Stark broadening
in CP star spectra, and here an example of the analysis of Dimitrijević et al.
(2007) is given.

2. Results and discussion

It is not possible to check Stark damping constants using the spectra of the
normal stars. No Cr ii lines in the entire optical region are sufficiently strong
to show substantial Stark wings in hotter stars, while in cooler stars (the Sun
for example) the van der Waals effect is absolutely dominant. Therefore we can
investigate the Stark broadening effect only in the spectra of chemically peculiar
(Ap) stars.

As an example we chose the Ap star HD 133792, with Teff = 9400 K,
log g = 3.7, and a mean Cr overabundance of +2.6 dex relative to the Sun.
We used a spectrum retrieved through the ESO archive, and all calculations
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were carried out with the SYNTH3 code (Kochukov, 2006) for synthetic spec-
trum determinations. All details of the calculations are given by Dimitrijević et
al. (2007).

A good agreement between observations and calculations for weak Cr ii lines
demonstrates the existence of a stratified Cr distribution, while four strong Cr ii
lines demonstrate a good accuracy of the Stark constants obtained in the present
work. Figure 1 shows a comparison between the observed line profiles of three
Cr ii lines and our synthetic calculations.
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Figure 1. Comparison between the observed Cr ii 3403.30 (left) and 3421.20,

3422.73 Å (right) line profiles (dots) and synthetic calculations with the Stark pa-

rameters from the present paper (full line) and those from Kurucz (1993) (dashed

line).

We may conclude also that the line wings of Cr ii lines in spectra of Ap stars
are caused by the Stark-broadening mechanism.

In the end, we note that new Stark parameters are particularly important
for the study of Cr stratification in Ap stars in the 9000−10 000K temperature
range, where this stratification may be obtained only from a careful study of
the line profiles of multiplet 3 Cr ii lines, whose Stark broadening parameters
are analyzed here and shown by Dimitrijević et al. (2007).
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Abstract. By using the semiclassical perturbation method, Stark widths and
shifts have been calculated for the Te i 6s 5So - 7p 5P (5125.2 Å) multiplet, of
interest for CP star plasma studies. Results were applied to the investigation
of the influence of Stark broadening on CP star spectra. It was found that
layers exist in the stellar atmospheres considered where the Stark broadening
contribution is comparable to or larger than the Doppler width.
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1. Introduction

With the development of astronomical observations from space, even elements
like tellurium can now be identified in stellar spectra. For example, Yuschenko
and Gopka (1996) identified one line of tellurium in the photospheric spectrum
of Procyon, and Chayer et al. (2005) observed Te i spectral lines in UV spectra
of the cool DO white dwarf HD199499. In order to provide the necessary line
broadening data, we have recently calculated Stark broadening parameters for
four Te i multiplets for plasma conditions of interest for CP stars. We present
here the results for the Te i 6s 5So - 7p 5P multiplet and use them for the analysis
of the influence of Stark broadening for CP star plasmas by comparing Stark
and Doppler widths in model stellar atmospheres.

2. Results and discussion

Calculations have been performed within the semiclassical perturbation formal-
ism, developed and discussed by Sahal-Bréchot (1969 a, b). For updates see e.g.
Dimitrijević (1996). All details of the calculations will be given by Dimitrijević
et al. (in preparation). Here, as an example, we present electron- and proton-
impact broadening parameters for the Te i 6s 5So - 7p 5P (5125.2 Å) multiplet
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Table 1. Electron (e−) and proton (p+) impact full widths at half maximum (W ) and

shifts (d) for the Te i 6s 5So - 7p 5P multiplet for an electron density of 1016cm−3.

TRANSITION T [K] W−
e [Å] d−e [Å] W+

p [Å] d+
p [Å]

5 000 0.146 0.912E-01 0.842E-01 0.215E-01
10 000 0.170 0.944E-01 0.855E-01 0.251E-01

6s 5So - 7p 5P 20 000 0.196 0.894E-01 0.865E-01 0.288E-01
5125.2 Å 50 000 0.230 0.638E-01 0.880E-01 0.341E-01

100 000 0.244 0.515E-01 0.895E-01 0.387E-01
150 000 0.243 0.435E-01 0.906E-01 0.414E-01

for a perturber density of 1016cm−3 and temperatures from 5×103 K to 1.5×105

K (Table 1).
The Stark widths obtained have been compared with Doppler widths for A-

type stellar atmosphere models (Kurucz, 1979; Fig. 1). Our results are presented
as a function of Rosseland optical depth. One can see that there exist layers in
these atmospheres where Stark broadening is comparable to or even larger than
Doppler broadening.
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Figure 1. Thermal Doppler and Stark widths for the Te i 6s 5So - 7p 5P (5125.2

Å) multiplet as a function of optical depth, Teff and log g, for A type stars. Left:

Teff = 10 000 K, log g = 4.0− 4.5; right: Teff = 10 000− 15 000K, log g = 4.5.
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Abstract. Stark broadening parameters for six Mn ii lines are determined
semi-classically and used to analyse the influence of this broadening mechanism
on A-type star spectral line profiles. Results for the Mn ii line at 2950.1 Å are
presented here as an example of the data obtained.
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1. Introduction

Stark broadening of ionised manganese lines is of interest for the analysis and
modelling of stellar spectra of, for example, HgMn stars (Wahlgren, Hubrig
2004). We calculated Stark broadening parameters for six Mn ii lines within
semi-classical perturbation theory (Sahal-Bréchot, 1969 a) and used them for
the analysis of the influence of Stark broadening on A-type star spectral line
profiles. Here we present as an example results for the Mn ii line at 2950.1 Å.

2. Results and discussion

The results were obtained within the semi-classical perturbation formalism, de-
veloped and discussed in detail in Sahal-Bréchot (1969 a, b), and all details of
the calculations will be given in Popović et al. (2008).

In Table 1, electron-impact broadening parameters (full width at half max-
imum W and shift d) for the Mn ii line at 2950.1 Å for a perturber density of
1017cm−3 and temperatures from 5000 to 100 000 K, are given.

The results obtained are used to compare the thermal Doppler and Stark
widths of the Mn ii spectral line a5S–z5Po 2950.1 Å as a function of the Rosse-
land optical depth for a Kurucz (1979) model of an A star with Teff = 10 000 K,
log g = 4.5. As one can see, Stark broadening may be of interest in deep sub-
photospheric layers. One should take into account that even when Stark width
is smaller, this effect might be important in the far line wings.
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Table 1. Electron-impact broadening parameters (full width at half maximum W

and shift d in Å). The first set of values is calculated including the estimated maximal

contribution of forbidden transitions. The second set of values, denoted by (′), is

calculated taking into account only dipole-allowed transitions.

Transition T [K] We [Å] de [Å] W
′
e [Å] d

′
e [Å]

5 000 0.226 -0.394E-01 0.176 -0.653E-03
10 000 0.165 -0.302E-01 0.130 -0.253E-02

a 5S - z 5Po 20 000 0.121 -0.234E-01 0.969E-01 -0.258E-02
2950.1 Å 30 000 0.102 -0.193E-01 0.830E-01 -0.209E-02

50 000 0.884E-01 -0.168E-01 0.713E-01 -0.282E-02
100 000 0.800E-01 -0.137E-01 0.619E-01 -0.257E-02
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Figure 1. The thermal Doppler and Stark widths for the Mn ii spectral line

a5S–z5Po 2950.1 Å as a function of Rosseland optical depth, Teff = 10 000, log g = 4.5.
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 This study is oriented to contribute to the theoretical Stark broadening 

data in STARK-B database catalogue [1], which is a part of VAMDC – Virtual 

Atomic and Molecular Data Center [2]. 

 Spectroscopic data of boron lines are of interest in astrophysics, 

astrochemistry and cosmology [3-5]. The cosmic abundance of boron is of 

major importance for the model of Galactic chemical evolution [6]. To 

determine reliably the chemical abundance of boron, which is a crucial 

parameter, one needs an accurate interpretation of the detailed line spectra of 

the stellar objects. For hot stars, and especially white dwarfs, Stark broadening 

data are needed for such analysis, as well as for accurate spectroscopic 

diagnostics and modelling. In this contribution, we present new, theoretically 

determined, Stark broadening results for B IV, which will be included in STARK-

B and VAMDC.  
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SERBIAN VIRTUAL OBSERVATORY AND DIGITIZATION   
 

Luka Č. Popović, Milan S. Dimitrijević, Darko Jevremović,   
Veljko Vujčić, Vojislava Protić Benišek,  Vladimir Benišek, Jovan Aleksić 

 
 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia, 

 
  
SerVO - Serbian virtual observatory (http://servo.aob.rs) was founded in 2008, with the 

objective to publish data obtained by Serbian astronomers as well as to provide astronomers in 
Serbia with VO tools for their research.   

Now, SerVO has seven different sections: 
 
1. Archive of photo-plates from the 1934-1996 period. 
2. Link to, and the mirror site in construction of the STARK-B database. 
3. Fundamental Catalogues 
4. Link to, and the mirror site in construction of the DSED (Dartmouth Stellar Evolution 

Database) database. 
5. Fe II (4000-5500 A) template in AGN spectra. 
6. Presentation of the Group for Astrophysical Spectroscopy. 
7. Electronic editions of the GAS – Group for Astrophysical Spectroscopy 
 
Development of Archive of photo-plates, Section on Fundamental Catalogues and Section 

with electronic editions of the GAS are based on digitization of the corresponding photo-plates 
and publications on  Astronomical Observatory in Belgrade, one of the oldest scientific 
institutions in Serbia, founded in 1887, by Milan Nedeljković.   

 From the mid-thirties till mid-nineties of the twentieth  century, when photographic plates 
have been one of the recording media for the observations, more than fifteen thousand archived 
plates exist. Since they have not only a historical, but also and especial scientific importance for 
astronomy, one of the main objectives of SerVO, is to digitize them and publish in the VO 
compatible format.  

Also several stellar catalogues have been produced in Belgrade and three of them are 
digitized and included in SerVO, while the digitization of others is in progress.   

Group for Astrophysical Spectroscopy started with electronic publishing in  in 2006. The 
majority of  books  and proceedings of conferences authored or edited by members of this group are 
now digitized and included in SerVO. 

In this key note we will review the present and future work on digitization for Serbian 
Virtual Observatory.   
 

http://servo.aob.rs/


 
 

DIGITIZED ELECTRONIC EDITIONS OF SERBIAN 
ASTRONOMICAL INSTITUTIONS AND SOCIETIES   

 
Milan S. Dimitrijević and Jovan Aleksić 

 
Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 

E-mail: mdimitrijevic@aob.bg.ac.rs 
 

We  started with electronic publishing in 2006 on Astronomical Observatory in Belgrade. 
Some of electronic publications are prepared by us and published in collaboration with other 
astronomical institutions and Societies, as electronic sources on CDs and DVDs.   

Our objective is to digitize our old publications and publish them in electronic form 
together with the photos, and to prepare new ones not only as books but also  as  multimedia 
electronic editions, containing apart of PDFs of printed material and presentations of lectures 
and photos in good resolution, ready to be included in an eventual future article.    

We also included all electronic publications in Serbian Virtual Observatory (SerVO 
http://servo.aob.rs/~darko/).   

In such a way we  enlarged the influence of the results of activities of our astronomers, and 
of participants of conferences organized by us and attempted to make them accessible 
worldwide.       

Electronic editions are also distributed to libraries:  and to other institutions.  
Here we will present  the results of  this activity.   
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percentage of second-generation stars would have been quite small (up to ~10 per cent). 
Such a large fraction of extreme second-generation stars implies that the system must have 
been initially much more massive and in different dynamical conditions from what it is today. 
We discuss this issue in the light of existing models of the formation of multiple populations in 
globular clusters.  
 
Atomic and molecular data for stellar plasma resarch: virtual atomic and molecular 
data center (VAMDC) and Star-K database 

M. Dimitrijevic, S. Sahal-Brechot, D. Jevremovic, A. Kovacevic, L. Popovic, and VADMC 
consortium (P.I. Marie-Lise Dubernet) 
 
A large number of atomic and molecular data is needed for stellar plasma investigations and 
for stellar spectra interpretation, synthesis and analysis. The main objective of Virtual Atomic 
and Molecular Data Center (VAMDC - Dubernet et al., 2010, Rixon et al., 2011), a FP7 
funded project, is to enable an efficacious and adequate search and mining of AM data, and 
consequently, their easier and more adequate use. 
In VAMDC will enter also STARK-B database, containing Stark broadening parameters for a 
large number of lines, obtained by the semiclassical perturbation method. We will present and 
discuss here the VAMDC project and STARK-B database. 
 
The updated Pisa evolutionary model database  
Scilla Degl'Innocenti (Physics Department, Pisa University, Italy); Valle, Tognelli, 
Dell'Omodarme, Degl'Innocenti, Prada Moroni 
 
Updated tracks and isochrones for evolutionary phases from the PMS to the AGB phase 
(available at the link: http://astro.df.unipi.it/stellar-models) are presented and compared with 
other models available in the literature. 
Present stellar models and isochrones are calculated by adopting a well-tested evolutionary 
code (FRANEC) implemented with updated physical and chemical inputs. In particular, our 
code adopts realistic atmosphere models and an updated equation of state, nuclear reaction 
rates and opacities calculated with recent solar elements mixture. 
  
Abundance and kinematic analyses of the CH star CD-62°1346  
Natalia Drake (Sobolev Astronomical Institute); C.B. Pereira, E.G. Jilinski, N.A. Drake, 
D.B. Castro,V.G. Ortega, C. Chavero, F. Roig  
 
We report on the results of the detailed spectroscopic and kinematic analyses of the high-
velocity carbon-enriched metal-poor ([Fe/H]=-1.59) star CD-62°1346. High-resolution 
spectrum of this star was obtained with the FEROS echelle spectrograph at the 2.2m ESO 
telescope at La Silla, Chile. We derived abundances of 18 chemical elements and showed 
that CD-62°1346 has enhanced carbon and s-element abundances ([C/Fe]=+0.86 and 
[Ba/Fe]=+1.58) typical for CH stars. CD-62$^\circ$1346 is also a ``lead'' star with 
[Pb/Ce]=+0.80. 
Detailed kinematic analysis based on dynamical calculations, showed that CD-62°1346 is on 
a highly eccentric retrograde orbit (V_phi ~ -540 km/s; e=0.91) traveling up to about 100 ~ kpc 
from the Galactic center. The extreme retrograde motion may suggest that CD-62°1346 has 
an extragalactic origin. However, the high $\alpha$-element abundances, typical for halo 
stars of such metallicity, do not support this suggestion. The Galactic rest frame velocity ($V_ 
GRF ~ 570 km/s), close to the Galaxy escape velocity, indicates that the star may be bound 
or unbound according to the adopted Galactic potential. The possibility of CD-62°1346, an 
evolved red giant star, to join the restricted group of hypervelocity stars, formerly consisted of 
B-type stars only, is discussed. 
 
OB Associations and larger scale stellar structures in six HST spiral galaxies  

Petros Drazinos (National and Kapodistrian University of Athens); E.Kontizas, A. 
Karampelas, M.Kontizas  
 
The presence of small and large-scale star formation structures in a sample of spiral Hubble 
Space Telescope (HST) galaxies has been investigated. Our main goal is to identify small 
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In the PLS framework, at Roma Tre University we developed an itinerant educational 
laboratory based on meteorites analysis by means of a portable kit. The activity is performed 
at school and the students are directly involved in the study of meteorite features and in 
measurements of physical properties of the samples. Students are intriguingly introduced in 
the scientific method working together in acquisition and analysis of data, and writing a final 
report. 
Lessons and laboratories were developed in collaboration between researchers and high 
school teachers. Thanks to their multidisciplinary character the activities represent an 
excellent tool for stimulating the interest in different fields of science as astronomy, physics, 
geology and biology. 
 
Society of Astronomers of Serbia and Education and Popularisation of Astronomy 

Milan S. Dimitrijevic
1
, Andjelka Kovacevic

2
  

1
Astronomical Observatory, Belgrade, Serbia, 

2
Faculty of Mathematics, Belgrade, 

Serbia 
 

The main activities of Society of Astronomers of Serbia within the period October 2008 – June 
2012 are: International Year of Astronomy 2009; Astronomical Olympiads; Mobile 
Planetarium and the Project “Popularization of Astronomy in educational institutions and 
schools”; Scientific meetings in organization of SAS; Publishing activities of SAS; Foreign 
scientists – guests of SAS; Connections with European Astronomical Society; Connections 
with International Astronomical Union.  
In this contribution we will focus our attention first of all on the activities of interest for 
education and popularization of astronomy and to the legacy aspects of IYA2009. 
 
Being Born in 2009 – the Responsibility of a Living Legacy of IYA2009. 

Rosa Doran  (NUCLIO / GHOU / GTTP, Portugal) 
 
The Galileo Teacher Training Program (GTTP) was one of the cornerstones of IYA2009. 
Since the ephemeris GTTP have reached over 10 000 educators around the globe. How to 
maintain the achieved successes? How to face the different challenges in the different parts 
of the globe ensuring the same rights and access for cutting edge science education tools 
and resources ? How to ensure no student will have to face the growing digital divide? How to 
provide equal support for educators from all over the world in a fair and sustainable 
environment? This and other equally important challenges are already written in the next 
chapters of these program goals.  
With programs like “Discover the Cosmos” and “Open Discovery Space”, such opportunities 
will flourish and the introduction of cutting edge science in classrooms will be literally at a 
distance of a click. These European Commission funded projects will help educators change 
the way they deliver knowledge by engaging students in the path of discovery. This new 
vision for science education being seeded in Europe can set the tone for a new relation 
between content and the learning path.  
This type of tools associated with GTTP network construction model will ensure that these 
opportunities will reach a broad audience and a rich repertory of success stories will certainly 
feel the pages ahead. 
 
Social-Astronomy in Italy and in Europe 
Livia Giacomini (INAF – IAPS Roma, Italy), Elisa Nichelli (INAF – IAPS Roma, Italy) 

 
The world has entered a Web 2.0 era. Facebook, Twitter, blogs, wikis, photo and video 
sharing sites: all these tools are web applications that allow information sharing and the 
spreading of user-centered design and user-generated content all over the World Wide Web. 
Every day, the use of these social tools is spreading all over the world, evolving very quickly 
and with a non homogeneous speed all over Europe. 
This social media and networking approach has been studied and largely developed for 
marketing purposes. But is there all there is? Is this approach beginning to be used to engage 
the public in Science and in particular in Astronomy? Are social media becoming useful tools 
to popularize science, research and scientific results to a larger public? 
In this work we will present an overview of how social media are used in Italy and all over 
Europe to involve the public in Astronomy and Space Science. To reach this goal we will start 
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atomic and molecular data center (VAMDC) and Star-K
database

Authors: M. Dimitrijevic, S. Sahal-Brechot, D. Jevremovic, A. Kovacevic,
L. Popovic, and VADMC consortium (P.I. Marie-Lise Dubernet

Abstract: A Large number of atomic and molecular data is needed
for stellar plasma investigations and for stellar spectra interpretation,
synthesis and analysis. The main objective of Virtual Atomic and
Molecular Data Center (VAMDC - Dubernet et al., 2010, Rixon et al.,
2011), a FP7 funded project, is to enable an efficacious and adequate
search and mining of AM data, and consequently, their easier and more
adequate use. In VAMDC will enter also STARK-B database, containing
Stark broadening parameters for a Large number of lines, obtained by the
semiclassical perturbation method. We will present and discuss here the
VAMDC project and STARK-B database.

References

Dubernet, M. L., Boudon, V., Culhane, J. L., et al.: 2010, JQSRT,
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Milan S. Dimitrijević, Astronomical Observatory, Belgrade, Co-Chair 

Andjelka Kovačević, Faculty of Mathematics, Belgrade Co-Chair 

 

Miodrag Dačić, Astronomical Observatory, Belgrade 
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Venue 

 

The workshop will be held in Vila Aleksandar in Orašac (see web site: 

www.aleksandarwellness.rs).   
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Scientific rationale 

 

Spectroscopy is a power tool for the analysis of radiation from different plasmas 

in astronomy, laboratory, fusion research and  industry.  The investigation of nature of 

the emitting ionized gas in galactic nuclei is  one of  important subjects in astrophysics 

today. Investigating  the processes in the central parts of these objects, we can learn about 

the innermost parts of other 'normal' galaxies. Moreover,  AGN are the most powerful 

sources, located at different cosmological time-scales, and their investigation is 

cosmologically important. Additionally, a part of emission from these objects  (e.g. in the 

X-rays) has its origin very close to a massive black hole, and investigation of this 

emission can help us understand the physical processes in a strong gravitational field.  

On the other side, a number of AGN are affected by gravitational lensing effect.  

Studies aimed at determining the influence of microlensing on  spectra of lensed quasars 

(hereafter QSOs)  ought to account for the complex structure of the QSO central emitting 

region. Since the sizes of the emitting regions are wavelength-dependent, microlensing 

by stars in a lens galaxy will lead to a wavelength-dependent magnification.  

 Efficace theoretical analyzis, synthezis and modelling of stellar spectra as well as 

the spectra from other plasma sources, depends on atomic data and their sources. In 

particular for  the modeling of stellar atmospheres and opacity calculations a  large 

number of  atomic data is needed, since we do not know a priori the chemical 

composition of a stellar atmosphere. Consequently the development of databases with 

atomic data and astroinformatics is important for stellar spectroscopy. 

 Investigation of spectral line profiles is of significance for various research fields 

not only in astrophysics, where, for example, by analysis of stellar line profiles we can 

obtain effective temperature, chemical composition, surface gravity and other data on the 

investigated star, but also for a number of topics in physics and technology 

 The workshop is planned as an opportunity to consider above mentioned aspects 

of spectroscopic research on plenary sessions and than to work on the special mini-

projects, which will result in common papers to be published in international 

astronomical journals) during the workshop. 
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P R O G R A M 

 

 

I Workshop on Astrophysical spectroscopy 

Orašac 26-30. August 2011. 

 

 

Friday 26.08.2011 

11:00-11:30  Arrival and registration 

11:30-12:00 Opening ceremony 

12:00-13:00 Luka Popović: Spectroscopy as a tool for detection of super-massive binary 

black holes (Plenary IL) 

13:00-13:30 Discussion on the common work and collaboration on problems in 

Spectroscopy of Active Galactic Nuclei  

 

13:30-15:00 Lunch 

 

15:00-19:00  Work in Sections 1-4 on Mini-projects   

 

19:00 Dinner 

 

Saturday 27.08.2011 

10:00-11:00  Andjelka Kovačević: Virtual Atomic and Molecular Data Center – 

VAMDC and  AOB Node. Present status and perspectives (Plenary IL) 

11:00-11:30  Milan S. Dimitrijević STARK-B Database and Virtual Atomic and 

Molecular Data Center – VAMDC  (IL) 

11:30-12:00  Darko Jevremović Serbian Virtual Observatory, Virtual Atomic and 

Molecular Data Center – VAMDC and Astroinformatics  (IL) 

12:00-12:30 Discussion on Virtual Atomic and Molecular Data Center – VAMDC and its 

future role for Astrophysical spectroscopy research  (Moderators Luka Č. 

Popović and Milan S. Dimitrijević)   

 

13:00-15:00 Lunch 

 

15:00-19:00  Work in Sections 1-4 on Mini-projects   

 

19:00 Dinner 

 

Sunday 28.08.2011 

 

09:00-16:00 Excursion: Blagoveštenje Monastery, Risovača cave, Top of Mount Bukulja, 

Lunch in “Karadjordjev vajat” 

 

17:00-19:00  Work in Sections 1-4 on Mini-projects   
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19:00 Dinner 

Monday  29.08.2011 

 

11:00-12:00  Dragana Ilić: Results of the long-term spectral optical monitoring of the 

active galaxy 3c390.3 (Plenary IL) 

12:00-12:30  Vladimir Srećković: Radiative ion-atom collisions in stellar atmospheres 

(IL) 

12:30-13:00 Discussion on the common work and collaboration on problems of 

Astrophysical Plasma research 

 

13:00-15:00 Lunch 

 

15:00-18:00  Work in Sections 1-4 on Mini-projects   

 

20:00 Conference dinner 

 

Tuesday  30.08.2011 

 

10:30- 12:00  Work in Sections 1-4 on Mini-projects   

12:00  Closing Ceremony 

13:00 Departure 

 

 

SECTIONS (S) and MINI PROJECTS (MP) 

 

(Participants which will be present are marked by boldface. Other will participate in work  

by Skype or e-mail)  

 

 S1 Spectroscopy of Active Galactic Nuclei (Coordinator Luka Č. Popović) 

МP1.1 Optical monitoring of High Energy Emitting Galactic Nuclei  

Participants: G. La Mura, D. Bindoni, S. Ciroi, V. Cracco,  

F. Di Mille, F. Gabrielli, D. Ilić, L. Č. Popović, P. Rafanelli, L. Vaona  

MP1.2 Validity of the virialization approximation of the broad lines in AGNs 

Participants: L. Č. Popović, J. Kovačević, G. La Mura 

MP1.3 Radiative transfer modeling of AGN dusty tori 

           Participants: Jacopo Fritz, Marko Stalevski 

MP1.4 Spectroscopy of gravitational lensing 

 Participants: L. Č. Popović, S. Simić 

 

S2 Astrophysical plasmas (Coordinator Anatolij Mihajlov) 

MP2.1 The influence of the radiative non-symmetric ion-atom collisions in the 

stellar atmospheres in UV and VUV regions 

  Participants: Lj.M. Ignjatović, A.A.Mihajlov, V.A. Srećković, M.S. 

Dimitrijević, A. Metropoulos 
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S3 Astroinformatics and spectroscopic research (Coordinator Andjelka Kovačević) 

MP3.1  AOB (ASTRONOMICAL OBSERVATORY – BELGRADE) NODE OF 

THE VIRTUAL ATOMIC AND MOLECULAR DATA CENTER  

 Participants: A. Kovaćevič, M. S. Dimitrijević, L. Č. Popović, Z. Simić,  

D. Jevremović, J. Aleksić 

 

S4 Spectral line profiles in stellar and laboratory plasmas (Coordinator  

Milan S. Dimitrijević) 

MP4.1  On the electron impact broadening of doubly charged magnesium ion lines   

Participants: Zoran  Simić, Andjelka Kovačević, Nébil Ben Nessib,  

Milan S. Dimitrijević, Sylvie Sahal-Bréchot 

MP4.2 On the Stark broadening of Cr II 3d
5
 - 3d

4
4p lines in stellar atmospheres 

Participants: Zoran  Simić, Milan S. Dimitrijević,  Andjelka Kovačević,  

Sylvie Sahal-Bréchot 

MP 4.3 Stark broadening of  B IV   

Participants: Milan S. Dimitrijević,  Magdalena Christova, Zoran  Simić, 

Andjelka Kovačević, Jovan Aleksić, Sylvie Sahal-Bréchot 

MP4.4 Calculation of Stark broadening of several Ne I lines  for astrophysical 

purposes 

Participants: M. Christova, M. S. Dimitrijevic, Z. Simic, Sylvie Sahal-Bréchot 
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ABSTRACTS 

 

INVITED LECTURES 

 

 

 

SPECTROSCOPY AS A TOOL FOR DETECTION OF  SUPERMASSIVE 

BINARY BLACK HOLES 

 

Luka Č. Popović 

 

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia, 

 

Spectroscopy can be very useful in detection of super-massive binary black  

holes. Here we will discuss the possible emission of gas around binary black  

hole, and  consider the changes in spectra (narrow and broad spectral lines)  

due to the existence of such objects. 

 

 

VIRTUAL ATOMIC AND MOLECULAR DATA CENTER – VAMDC AND  AOB 

NODE. PRESENT STATUS AND PERSPECTIVES 

 

Andjelka Kovačević
1
, Milan S. Dimitrijević

2,3
, Luka Č Popović

2
, Darko Jevremović

2
,  

VAMDC Consortium (P. I. Marie-Lise Dubernet
4,5

) 
1
Department of Astronomy, Faculty of Mathematics, Studentski Trg 15, 11000  

Belgrade, Serbia 
2
Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia,   

 
3
LERMA, Observatoire de Paris, 92195 Meudon, Cedex, France 

4
LPMAA, Université Pierre et Marie Curie, France, marie-lise.dubernet-tuckey@upmc.fr 

5
LUTH, Observatoire de Paris, France 

 

Virtual Atomic and Molecular Data Center (http://www.vamdc.eu, VAMDC),   an 

European Union funded FP7 project  with the objective to create  a secure, documented, 

flexible and interoperable e-science environment-based interface to existing atomic and 

molecular data, will be presented in this review. It will also  provide a forum for 

dissemination and training of potential users.   

        Project leader is Marie-Lise Dubernet from  Observatoire de Paris and core 

consortium is made of 15 institutions with 24 scientific groups from France, Serbia, 

Russia, England, Austria, Italia, Germany, Sweden and Venezuela.    

   The VAMDC facilities will be first of all useful for Astronomy, Plasma science, 

Atmospheric Science Radiation science and Fusion community as well as Industries 

using technological plasmas and Lightning industry and will represent a powerful tool for 

a better and easier search for the needed atomic and molecular data and an efficace data 

mining.   

The participants of AOB (Astronomical Observatory – Belgrade) VAMDC 

Node  are: Milan S. Dimitrijević, Luka Č. Popović, Andjelka Kovačević, Darko 

http://www.vamdc.eu/
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Jevremović, Zoran Simić, Edi Bon and Nenad Milovanović. Recently, in this activity is 

also included Veljko Vujičić.   

            In this lecture, we will consider VAMDC, a good example of the global 

collaborations and development of new facilities in e-science. Also, we will present AOB 

VAMDC Node and our plans for its further development.  

 

 

 

STARK-B DATABASE AND VIRTUAL ATOMIC AND MOLECULAR DATA 

CENTER – VAMDC 

 

Milan S. Dimitrijević
1,2

, Sylvie Sahal-Bréchot
2
 

 
1
Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

 2
Laboratoire d'Etude du Rayonnement et de la Matière en Astrophysique, Observatoire 

de Paris-Meudon, UMR CNRS 8112, Bâtiment 18, 5 Place Jules Janssen, F-92195 

Meudon Cedex, France 

            

The database STARK-B is a collaborative project between Laboratoire d’Etude 

du Rayonnement et de la matière en Astrophysique of the Observatoire de Paris-Meudon 

and the Astronomical Observatory of Belgrade. For the moment STARK-B contains 

Stark line broadening parameters (widths and shifts) obtained within the impact 

approximation using the semiclassical perturbation approach and the impact 

approximation. It is devoted for modelling and spectroscopic diagnostics  of stellar 

atmospheres and envelopes, as well as for laboratory plasmas, laser equipment, inertial 

fusion plasma and technological plasmas.   

STARK-B database is a part of the core of European Virtual Atomic and 

Molecular Data Center (http://www.vamdc.eu, VAMDC) e-infrastructure, one of the 

databases  upon which it is based.   

In this review, the STARK-B database will be presented as well as its connection 

with VAMDC.   
            

 

 

 SERBIAN VIRTUAL OBSERVATORY, VIRTUAL ATOMIC AND 

MOLECULAR DATA CENTER – VAMDC AND ASTROINFORMATICS  

 

Darko Jevremović, Milan S. Dimitrijević, Luka Č. Popović, Jovan Aleksić 

 

Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

  

SerVO - Serbian virtual observatory (http://www.servo.aob.rs/~darko) started as a 

project whose funding was approved through a grant TR13022 from Ministry of Science 

and Technological Development of Republic of Serbia, with duration of 33 months from 

April 1st 2008 till December 31st 2010.  From the 1
st
 January of 2011, SerVO is financed 

by the Ministry of Education and Science of Republic of Serbia through the project 

III44002 "Astroinformatics and virtual observatories". After establishing SerVO and 

http://www.vamdc.eu/
http://www.servo.aob.rs/~darko
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starting to digitize and archive photo plates and other astronomical data produced at 

Belgrade Astronomical Observatory, the aims are: i) To work on the development of  

SerVO and to join the EuroVO and IVOA; b) To develop SerVO data Center which will 

work on the  digitizing, archiving and publishing in VO format photo-plates; c) To work 

on the development  of tools for visualization of data; d) Make a regional node of Virtual 

Atomic and Molecular Data Center – VAMDC; e) Make a mirror site of STARK-B - 

Stark broadening data base containing as the first step Stark broadening parameters, 

obtained within the semiclassical perturbation approach and impact approximation, in 

VO compatible format;  f) Make a mirror site for DSED - Darthmouth Stellar Evolution 

Database  in the context of VO, and g) to put online electronic editions of serbian 

astronomical institutions.  

In this review, the SerVO will be presented, and its history, aims and future plans, 

as well as its connections with European Virtual Atomic and Molecular Data Center 

(http://www.vamdc.eu, VAMDC), and its node on Belgrade Astronomical Observatory 

will be considered.   

 

 

 

RESULTS OF THE LONG-TERM SPECTRAL OPTICAL MONITORING 

OF THE ACTIVE GALAXY3 C390.3 

 

Dragana Ilić
1
, Luka Č. Popović

2
, Alla I. Shapovalova

3,
 Andjelka Kovačević

1
,  

Nikolai G. Burenkov
3
, Vahram H. Chavushyan

3
 

1
Department of Astronomy, Faculty of Mathematics, Studentski Trg 15, 11000  Belgrade, 

Serbia 
2
Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

3
Special Astrophysical Observatory of the Russian AS, Russia 

 

            The structure of the broad line region (BLR) in active galactic nuclei  

(AGN) is still not well known. The BLR is close to the central  

supermassive black hole and may hold basic information about the formation  

and fueling of AGN, as well as of the mass of the black hole in the  

center.  

The AGN are highly variable objects. Especially their broad emission lines  

(BEL) are changing dramatically. The investigation of the BEL flux and  

profile variability in a long period is very useful for mapping the  

geometrical and dynamical structure of the BLR. 

Here we present the result of the long-term spectral optical monitoring of  

a well know radio-loud AGN 3c390.3 that exhibit interesting double-peaked  

BEL profiles. 

 

 

 

 

 

 

http://www.vamdc.eu/
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RADIATIVE ION-ATOM COLLISIONS IN STELLAR ATMOSPHERES  

 

Vladimir A. Srećković
1
, Anatolij A. Mihajlov

1
, Ljubinko M. Ignjatović

1
,  

Milan S. Dimitrijević
2,3

, Aristophanes Metropoulos
4
  

 
1
Institute of Physics, University of Belgrade, P.O. Box 57, 11001, Belgrade, Serbia; 

2
Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia  

       
3
Observatoire de Paris, 92195 Meudon Cedex, France 

4
Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, 

Athens, Greece 

 

In this lecture, we will present results of our investigations of the influence of   

the processes of radiative charge exchange in symmetric and strongly non-symmetric ion-

atom collisions on the opacity of solar and stellar atmospheres in UV and VUV regions. 

We considered several ion-atom systems (H + H
+
, He + He

+
, He + H

+
 and H + A

+
, where 

A = Li, Na etc.) and determined some characteristics, such as molecular potential curves 

and dipole matrix elements. They were used for the determination of coefficients of 

spectral absorption due to examined processes, together with the corresponding 

molecular photo-dissociation processes, in the atmosphere of the Sun and some DB white 

dwarfs.  It was found that the influence of the considered processes should be taken into 

account for modeling of stellar plasma and analysis and synthesis of stellar spectra, since 

for example these processes generate rather wide and firm molecular absorption bands in 

the UV and VUV regions, which neglection will introduce errors in the interpretation of 

the observational data.  

 

 

 

MINI PROJECTS 

 

  

OPTICAL MONITORING OF HIGH ENERGY EMITTING GALACTIC 

NUCLEI 

 

G. La Mura
1
, D. Bindoni

1
, S. Ciroi

1
, V. Cracco

1
, F. Di Mille

1
, F. Gabrielli

1
, D. Ilić

2
,  

L. Č. Popović
3
, P. Rafanelli

1
, L. Vaona

1
  

 
1
Department of Astronomy, University of Padova, Vicolo Osservatorio, 12, 35100 

Padova, Italy 
2
Department of Astronomy, Faculty of Mathematics, Studentski Trg 15, 11000  Belgrade, 

Serbia 
3
Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

 

Approximately 20% of nearby galaxies show hints of energetic activity in their 

nuclear regions, through the presence of appreciable  amounts of ionized gas. The source 

of activity is most often  identified either with very young stellar populations, dominated 

by hot, massive stars, or with non-thermal processes occurring in the  galactic nuclei. 
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Nowadays it has been realized that both possibilities take an important part in the 

evolution of galaxies. Indeed, there is increasingly strong observational evidence 

suggesting that nuclear activity and star formation are likely to be physically connected. 

However, to investigate whether there is a cause-effect relationship between these two 

phenomena, we have to investigate the properties of galaxies, the masses of which are  in 

the  critical range where starburst activity and AGN activity are more likely to be found 

(Rafanelli et al. 2011). In this project, we propose to operate the newly upgraded 1.22m 

telescope in Asiago to start a monitoring campaign of a list of  such objects selected also 

on the basis of their high energy emission (X and gamma rays). Variable high energy 

emission, indeed, is considered as an effective track of AGN related processes. Our idea 

is to exploit the Asiago observatory as an optical facility to perform observations of 

objects, which are studied at high energies, too. Taking advantage from multiple 

frequency observations, it is our aim to improve the current understanding of nuclear 

activity in galaxies, investigating the dynamics of AGN central engines, as well as the 

properties of galaxies where ongoing star formation is probably overlapping with nuclear 

activity. 

 

 

 

VALIDITY OF THE VIRIALIZATION APPROXIMATION OF THE BROAD 

LINES IN AGNS 

 

Luka Č. Popović
1
, Jelena Kovačević

1
, Giovanni La Mura

2
 

 
1
Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

2
Department of Astronomy, University of Padova, Vicolo Osservatorio, 12, 35100 

Padova, Italy 

 

          The broad lines of AGNs are used to measure the mass of black hole, supposed to 

be in their center. Here we are going to check validity of virilization approximation of 

broad lines in AGNs. We measured widths of broad lines at 1/10, 1/5, 1/2 and 3/4 of the 

maximal intensity, and plot their ratios as a function of full width at maximal  intensity. 

Using this plots we will be able to conclude how much is emitting gas gravitationally 

bounded.  

 

 

 

 

 

 

 

 

 

 

 

 



 

12 

 

RADIATIVE TRANSFER MODELING OF AGN DUSTY TORI 

 

Jacopo Fritz
1
, Marko Stalevski

2
 

 
1
 Sterrenkundig Observatorium, Universiteit Gent, Belgium 

2
Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

 

 
The inner regions of AGN (accretion disk and BLR) are surrounded by the 

toroidal structure composed of dust. This dusty torus absorbs the incoming radiation from 

the accretion disk and re-emits it in the infrared domain. Thus, to study the observed 

shape and features of spectral energy distributions (SED) in the infrared, radiative 

transfer modeling of dusty torus is necessary. During the workshop, the participants in 

this section will discuss further development and applications of the two-phase model of 

dusty torus presented in Stalevski et al. (2011). The topics to be covered include: 

investigation of different dust compositions, SED variations due to the changes in the 

inner torus structure, influence of size of clumps and their actual arrangement on SED. 

 

 

 

SPECTROSCOPY OF GRAVITATIONAL LENSING 

 

Luka Č. Popović
1
, Saša Simić

2
 

 

1
Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia 

2
 University of Kragujevac, Faculty of Sciences, Department of Physics, Radoja 

Domanovića 12, 34000 Kragujevac, Serbia 

 

The GAIA mission will be able to perform precise measurements  of order of 

hundredth part of  millisecond of arc. This will provide possibility to measure off-center 

changing of lensed quasars due to microlensing. Here we will investigate expected 

photocenter variability of lensed quasars due to microlensing. We will take into account 

the spectral bands in which the GAIA will work.   
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THE INFLUENCE OF THE RADIATIVE NON-SYMMETRIC ION-ATOM 

COLLISIONS IN STELLAR ATMOSPHERES, IN UV AND VUV REGIONS  

 

Ljubinko M. Ignjatović
1
, Anatolij A. Mihajlov

1
, Vladimir A. Srećković

1
,  

Milan S. Dimitrijević
2,3

, Aristophanes Metropoulos
4
  

1
Institute of Physics, University of Belgrade, P.O. Box 57, 11001, Belgrade, Serbia; 

2
Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia  

       
3
Observatoire de Paris, 92195 Meudon Cedex, France 

4
Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, 

Athens, Greece 

 

The aim of this work is to draw attention to the processes of radiative charge 

exchange in strongly non-symmetric ion-atom collisions as factors of influence on the 

opacity of stellar atmospheres in UV and VUV regions. Therefore, for several ion-atom 

systems (He + He
+
 and H + A

+
, where A = Li, Na etc.) some characteristics have been 

determined, such as molecular potential curves and dipole matrix elements. Then, using 

these characteristics, calculations have been carried out to determine coefficients of 

spectral absorption due to these processes together with the corresponding molecular 

photo-dissociation processes, in the atmosphere of the Sun and some DB white dwarfs. 

The standard models of the considered atmospheres have been used in the calculations. It 

has been established that the examined processes generate rather wide and firm molecular 

absorption bands in the UV and VUV regions, which should be taken into account at 

interpretation of the data obtained from measurements. 
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    We will consider and discuss actual status and plans for the future development 

and activity of  Serbian AOB (Astronomical Observatory – Belgrade) Node of Virtual 

Atomic and Molecular Data Center (http://www.vamdc.eu, VAMDC), an European 

Union funded FP7 project: Also, we will discuss activities, needed that AOB Node of 

VAMDC becomes a regional center for the connection of activities on atomic and 

molecular data, and  an organizer of regional trainings for students and potential users, as 

well as a VAMDC Node for  monitoring the needs of users in South Eastern Europe.  

 

  

http://www.vamdc.eu/
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Broadening of spectral lines by collisions with charged particles is of interest for a 

number of topics in astronomy and physics, like for astrophysical, laboratory, laser 

produced, fusion or technological plasma investigation, modelling and diagnostics. 

Magnesium is an element of particular astrophysical importance due to its high cosmic 

abundance. For example Solar abundance of magnesium  is the largest after H, He, O, C, 

Ne and N. Moreover, carbon burning in stellar interiors of some massive stars produces 

oxygen-neon-magnesium cores. 

 Within the semiclassical perturbation approach, using the impact approximation, 

we will consider ab intio, using the Cowan code for the needed energies and oscillator 

strengths, Stark broadening parameters for several  Mg III lines. In addition to electron-

impact full halfwidths and shifts, Stark broadening parameters due to proton-, and doubly 

charged helium ion-impacts 

will be investigated as well, in order to provide Stark broadening data for the important 

charged perturbers in stellar atmospheres. 

 The obtained results will be compared with the available theoretical results. 
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Chromium lines are interesting due to their presence in stellar atmospheres. They 

have been identified in stellar spectra, as for example o Peg, 7 Sex, and φ Aqu, in which 

spectrum Caliskan and Adelman  identified 28 Cr II spectral lines and noted 

overabundace with value log Cr/H = -5.85±0.27. Consequently, data on the Stark 

broadening of single ionized chromium spectral lines are of interest not only for 

laboratory but also for astrophysical plasma research. Of particular interest are resonance 

lines, since they are often present in stellar spectra. 

We analyze here, the importance of Stark broadening effect for Cr II 3d
5
 - 3d

4
4p 

transitions  in  stellar atmospheres. 
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The light elements lithium, breryllium and boron are of particular interest since 

they undergo nuclear reactions at relatively low temperatures reached in the solar-type 

stars outside the core, so that their circulation and destruction can produce observable 

changes in abundances, providing informations on stellar structure and mixing by 

convection. Boron lines are observed in Sun and stars. For example Proffitt and Quigley 

(2001) studied B III 2065.8 Å resonance line in 44 early B type stars determining the 

abundance of boron. In this work we will determine within the impact approximation, by 

using the semiclassical perturbation theory, Stark broadening parameters for B IV lines, 
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needed for stellar plasma research and modelling, as well as for a number of research 

topics in plasma physics. The obtained data will be used to investigate the influence of 

Stark broadening of spectral lines in stellar atmospheres.  
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 Neon lines are present in stellar spectra and due to its high cosmical abundance, 

as well as to the fact that carbon burning in stellar interiors produces oxygen-neon-

magnesium cores, this element is particularly interesting for astrophysical plasma 

research, including the Stark broadening of lines in its spectrum. For example the Solar 

abundance of neon is the largest after H, He, O and C. Here, we will investigate Stark 

broadening of neon spectral lines within the series  2p
5
3p 

2
[5/2]32p

5
nd 

2
[7/2]°4. The new 

Stark broadening parameters will be determined using the semiclassical perturbation 

approach and the impact approximation. The obtained results will be used for the 

investigations of regularities and systematic trends of Stark broadening parameters within 

a spectral series and for the investigation of the influence of Stark broadening in stellar 

spectra.   
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MILUTIN MILANKOVIC AND THE
ASTRONOMICAL SOLUTION OF THE ICE-AGES
PROBLEM
M.S. Dimitrijevic
Astronomical Observatory, Volgina 7,11160 Belgrade, Serbia and Montenegro
mdimitrijevic@aob.bg.ac.yu/Fax: +381- 11-2419-553

The scientific work of Milutin Milankovic (Dalj, May 28, 1879 - Belgrade, December
12, 1958), one of the most distinguished Serbian scientists, which name have a crater
on the far side of the Moon, a crater on Mars and asteroid 1605 Milankovic is analyzed.
He went down in the history of science as the man who explained the phenomenon of
the Ice Ages by slow changes of the Earth insolation in consequence of changes of the
Earth’s axis inclination and of those of the parameters of the Earth’s motion round the
Sun. The most important Milankovic’s work is "Kanon der Erdbestrahlung und seine
Anwendung auf das Eiszaitenproblem" (The Cannon of the Earth’s Insolation and its
Application to the Ice Ages Problem). It is his capital scientific work, a monograph,
comprising results of his researches previously published in 28 research works. In
this monograph these results are assembled in one whole, together with new analyses
and supplements, including numerous examples and applications of his theory. In this
capital work Milankovic presents mathematical theory of Earth’s climate (applicable
also to other planets), explaining the origin of the Ice Ages and exposing his theory of
the Earth’s poles motion. He did important contributions to the Celestial Mechanics
and the History of Astronomy and was a great popularizator of science. At the Ortodox
Church Council in 1923 in Istanbul, he submitted the proposal concerning the reform
of the calendar, providing for a more exact calendar than the Gregorian one.
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State of the development of the STARK-B database in the framework of the

European Project VAMDC (Virtual Atomic and Molecular Data Center)

S. Sahal-Bréchot1,∗, M.S. Dimitrijević2

1Observatory of Paris, CNRS and Université P. et M. Curie, LERMA, 5 Place Jules Janssen, 92190 Meudon,
France

2Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia
∗Corresponding author: sylvie.sahal-brechot@obspm.fr

Stark broadening theories and calculations have been extensively developed for about 50 years. The
theory can now be considered as mature for many applications, especially for accurate spectroscopic di-
agnostics and modelisation. This requires the knowledge of numerous collisional line profiles, especially
for very weakly abundant atoms and ions which are used as useful probes for modern spectroscopic
diagnostics. Nowadays, the accces to such data via an on line database becomes indispensable.

STARK-B [1] has been a collaborative project between the Astronomical Observatory of Belgrade
and the Laboratoire d’Etude du Rayonnement et de la matière en Astrophysique (LERMA) for a few
years. It is a database of calculated widths and shifts of isolated lines of atoms and ions due to electron
and ion collisions (i.e. impacts are separated in time). This database is devoted to modelisation and
spectroscopic diagnostics of stellar atmospheres and envelopes. In addition, it is relevant to laboratory
plasmas, laser equipments and technological plasmas. Hence, the domain of temperatures and densities
covered by the tables is wide and depends on the ionization degree of the considered ion.

STARK-B is a part of VAMDC [2]. VAMDC (Virtual Atomic and Molecular Data Centre) is an
European Union funded collaboration between groups involved in the generation and use of atomic
and molecular data. VAMDC aims to build a secure, documented, flexible and interoperable e-science
environment-based interface to existing atomic and molecular data.

STARK-B has been fully opened since September 2008 though not yet complete. We will present
the advancement of its development at the Conference.

References

[1] http://stark-b.obspm.fr
[2] http://www.vamdc.eu
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