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IIpaktuueckuit Typ / Data Analysis

Crpaunua 1 ms 12

1. AKTUBHBbIE AApa TraJaKTUK

du3NUecKyIo IPUPOAY aKTUBHBIX sifiep rayaktuk (AGN)
C UX TeIUIOBBIM yJBTPadMoIeTOBbIM M3JIyUeHNeM CBs-
3BIBAIOT C AKKPELMOHHBIMI AMCKAaMI CBEPXMACCHBHBIX
YEPHBIX ABIP B FAJIAKTUYECKUX LIEHTPAX.

Ontuueckmit cuexktp Apkux AGN gemoHcTpupyeT
IIVPOKME SMUCCUOHHBIEC JMHUY M3JIYUEeHUS IUIOTHBIX
ra3oBbIix o0OmakoB B obmactu BLR, moHmsmposamHOIT
ynbTpadumoaeToBbIMu GOTOHAMM AKKPELIMOHHOTO AUCKA
(cMm. cxeMy OJId JIydIIIero MOHMMAHMS).

15 6aju1oB

It is believed that the accretion disk around supermassive black
holes (BH) at galactic centres gives rise to UV thermal emission.
This emission is associated with Active Galactic Nuclei (AGNs).

The optical spectra of bright AGNs show additional bright
broad emission lines. Those emission lines arise from the dense
gas in the Broad Line Region (BLR), which is ionized by the UV
photons from the accretion disk. See the sketch to visualise this
model.
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Puc. 1: BH — uépnas neipa ¢ akkpenmoHHBIM auckoM, UV Continuum —
TEIUIOBOE YJIbTPadMOIEeTOBOE N3TyUYeH e (C HEIPEPHIBHBIM CIIEKTPOM),
BLR — o6isactp rasa ¢ HaOJMOJAeMBIMIU IMIMPOKUMU SMUCCUOHHBIMMI

smuausamu (Broad Line Emission).
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Ha6mromaembrit motox wuanyuenuss BLR usmensercs
COBMECTHO C M3MEeHEHIEM IIOTOKA B YIIbTPadoIeToBOM
IMarasoHe, HO C 3afepKKOM, IPSAMO IMPOIOPIMOHATb-
Hoit ymajmeHmio Rpir obiactu BLR or wueHTpanbHOI
YEPHOI OBIPHL

CunraiiTe, UTO pasMep aKKpeILMOHHOI'O HICKa IIpeHe-
OpeX1MO MaJl II0 CpaBHEHMIO C RprR.

(a) Ompenenure BenumuuHy 3amepXKu (B THIX) MeX-
Iy CUTHQJaMy B IIojoce B (HeIpepBIBHBIN CIIEKTD)
! B IIOJOCEe IIMPOKOM SMUCCUOHHON nuHuuM Hpf
10 HIDKETIPUBEIEHHBIM KPUBBIM OJIecKa.

We can assume that the flux of broad emission lines varies in
response to the variation of the UV continuum with a time
delay. This time delay is proportional to the separation Rprr
between the BH and the BLR.

Assume that the size of the accretion disk is negligible as
compared to RpiR.

Estimate the time lag (in days) between the B-band continuum
and broad emission line (Hf) using the light curves shown
below. The x-axis is in reduced Julian Dates (JD).
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Puc. 2: Ilo ropms3oHTaIpHON ocx — MOAMGUIMPOBAHHBIE MOJIMAHCKUE IHIU, 10 BEPTUKAIBHON —
HOPMUPOBAHHBII IIOTOK B IToJoce B (BepxHMi1 rpaduk) U B I0JI0Ce MMPOKOT SMUCCHOHHOI nuHuu Hpf

(b) Onennre Rprr B mapcekax.

(c) Ouenure yrnosoe ymamenne obiactu BLR or umen-
TPaJIHOI Y€PHOII ABIPEI UBLR B YTIIOBBIX CEKyHMAAX, €CIIN
paccrogHue go 9Toi rajakTuky — 100 Mpc.

Estimate RprR in parsecs (pc).

Estimate the angular separation of this region Oprr (in arcsec)

from the blackhole, if this AGN is 100 Mpc away from us.
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Hcnonb3sys TeopeMy BupMana BO3MOKHO OLIEHNUTD Maccy
cucreMsl. [[19 3TOro HeOOXOAMMO 3HATBH IUCIIEPCUIO
ckopocreit ra3oB B BLR 1 pasmepr! cuctembl. Maccoit
aKKpeLMoHHOro nucka um obmactu BLR mpeneGpexém
B CpaBHEHMM C Maccoll 4€pHoll IbIphl. [ucrepcuio
CKOpPOCTE€l Uy MOXXHO OLIEHUTH ICXOASA W3 IIMPUHBI
SMUCCHOHHON JIMHMM; COOTBETCTBYIOINYIO0 IMUCIIEPCUIO
IJIMH BOJIH NIPYMEM PaBHOM

It is possible to estimate the mass of the system using the Virial
theorem if the velocity dispersion of the gasses in the BLR
and the size of the system are known. Assume that the masses
of the accretion disk and broad line region are negligible, as
compared to the black hole. The velocity dispersion v, may
be estimated from the broadening of the given emission line.
We will take the corresponding wavelength dispersion to be

_ FWHM

rge FWHM — nosnHasg mmpuHa JMHUM Ha IIOJIOBUHE
«BBICOTBI».

(d) Berumcinure vy B km/s, Mcronpsys NpuUBeREHHBIL |5 |

HIDKE IPOGUIIB CIIEeKTPATBHOM JIVHIN:

1.0

.S

1)

2.35

’

where FWHM is the full width at half maximum of the broad
emission line.

Calculate the velocity dispersion vy in units of km/s, from
the spectral line shown below.

4825 4850 4875 4900 4925 4950 4975 5000
Wavelength (A)

(e) Ompenmenure Maccy UEHTPAIBHON UYEPHON [IBIPHI @ Calculate the mass of the central BH (Myiy,pa) in Solar

Myi; BH B eIMHUIIAX COTHEUYHOI Macchl M.

masses M.
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2. Maixag miaHera

B rabnuite 1 mpmBemeHBI SKIMIITHUECKas HoJIrora A
U TOPM3OHTAJbHBIN ITapaJUIAKC p HEKOTOPOI TUIIOTe-
TUYECKOIl Majoil IIJIaHeTBI, a TaKXKe JSKIMUIITHYEecKas
nonrora ConHua Ae B pasiyMyHble MOMEHTBI BpeMeHI {.
Bymem mpeneGperatb HaKIOHEHMEM OpOMTHI
MaJIoMl ITaHEThl K INUIOCKOCTY SKJIMITUKM M CUUTATh
opbuty 3eMau KpyroBoii.

3TOM

50 6ayJIOB

Table 1 contains the ecliptic longitude (1) and parallax (p)
at different times (¢) for a certain hypothetical minor planet.
The baseline for the parallax is the diameter of the Earth.
The time is expressed in years. For your reference, the ecliptic
longitudes of the Sun (1y) are also given in the table for
the same dates. Let us assume that the orbital inclination of
this minor planet with respect to the ecliptic is negligible and
so is the eccentricity of the Earth’s orbit.

Tabumna 1
tieal ALl A1 pl']
2012.3 336.73 4095 3.82
2012.6 3.44 13483 7.24
2012.9 50.71 242.08 7.09
2013.4 94.52 64.84 2.40
2013.6 121.40 134.59 2.16
2013.9 154.31 241.82 2.75
2014.2 25.33 353.29 3.16
2014.5 148.51 99.04 1.99
2014.8 176.26 20545 1.83
2015.0 216.33 280.19 2.03
2015.3 187.5 28.55 2.897

(a) IepecunraiiTe KOOPAMHATHI MAJIOV IIAHETHI B Te-
JIMOLEHTPUUECKYIO IIONAPHYK CUCTEMY KOOPAMHAT
M TocTpoiite rpadpmk e€ TpPaeKTOpUM B IIOJISPHBIX
koopauHaTax. [TongapHas ock X Ha rpaduKe TOJLKHA OBITH
HalpaBJieHa B HAIIPABJIEHUM MCXOMHOIO IIOJIOXKEHII
Mastoi raHersl. HaueptuTe Ha rpaduke 60JIbIIyIO OCh
OpOMTHI MaJIOJ IIJTaHEeTHL.

[lpn Hanmumm «BBHIOPOCOB» — OOHAPYKUThH, YKa3aTh
¥ MICKJIIOUNTB.

(b) Cunras opbury Majoil IUTAHETHI SJUIMIITUUECKOIL,
OIpe/ennTe:

+ Bompiryio momyoch opouTHI G B a. €.

+ OKCLEHTPUCUTET e

« Ilepmon P B romax

(c) Ouennre norpenrHocTn BenuuuH P, ay, u e.

[6]

o]

Calculate the coordinates of the minor planet in the heliocentric
polar coordinate system and put them in a polar plot.
The x-axis in the plot should be directed towards the initial
position of the minor planet. Draw the major axis of the orbit
of the minor planet.

Identify erroneous observation(s), if any.

Assuming the heliocentric orbit of the minor planet to be
elliptical, determine:

+ Semi-major axis length a, in au

« Eccentricity e

« Period P in years

Estimate the errors in the values of P, a,, and e.
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3. CBepXCKOpPOCTHBIE 3BE3bI

B mociemHMe rofabl aKTMBHO IIPOJBUTAIOTCS MCCIIEO-
BaHUS CBEpPXCKOpPOCTHBIX 3Bé3m (HVS). Otm 3BE3nmpI,
B OCHOBHOM Ha mnepmupepun IamakTuku, KBIKyTCS
JOCTATOUHO OBICTPO U MOTYT ITOKMHYTh Mieunstit ITyTs.

B oroit 3amaue MblI 06paboTaeM CHEKTPOCKOIIMUECKUe
M acTpoMeTpuYecKue M3MepeHNsI, YTOObI OIpedesuTh
CKOpOCTb 3Be3[1bl, Ha3oBéM e€ HVS1, mpenmnomnoxuts eé
MIPUPOAY U CYABOY.

Ha pwmc. 3 mokasan cmexktp HVS1 B cuue-¢puomneroso-
yJIBTpadIOIeTOBOI YAaCTH CIIEKTpa:

55 0aJJIOB

In recent years, a new field of research has emerged, that
of Hypervelocity Stars (HVS for short). These are stars in
our Galaxy (mostly at its outskirts), which are moving with
excessive velocities and may be escaping from the Milky Way.

In this question, you will use spectroscopic and astrometric
measurements in order to calculate the velocity of one such
star, called “HVS1”, consider its origin and whether it may
escape the Galaxy.

Figure 3 shows a spectrum of HVS1 in the blue to UV part of
the spectrum:
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Puc. 3: Cnextp HVS1 B cucreme moxos 3Be34b! (TOIIJIEPOBCKOE CMELLIEHIIE YK BHIUTEHO)

(a) Ompepenure CHIEKTPaNbHBIN KIACC U ITOJKIIACC
3Be3[bl, MCIIONB3Ys ISTAJOHHBIE CIEKTPHI (IIpUIIOXKe-
HUe 3) 1 MAeHTUPUUMPOBAHHbIE JIVHUN ITOTJIOL{EHIS
B cuekrpe HVS1. OGparute BHuUMaHUE: B CIEKTpE
HVS1 npucyrcTByroT TakkKe JIMHUM MEX3BE3IHOTO
IIOTJIOIIEHIA.

(b) Tlo pe3ynbraTamM MOIEIUPOBAHMA 3Be3/1a HAXOUTCS

«MeXay» Kinaccamu cBetumoctu V ([71aBHas mociemo-
BaTeNbHOCTD) 1 IV (cy6rurauTsr).

i. Bummmas 3Bé3mHag BeamumHa 3Be3bl B II0JIO-
ce V my =19.84. Haiinqure abCcoMOTHYIO 3BE3MHYIO Be-
JuunHy My 3Be3bl, MCIIOJIb3Ys JaHHbIE IPUI0KeHN T 1,
IU1s1 000MIX BO3MOJKHBIX KJIACCOB CBETUMOCTI.

[IpeneOperure MOTPELIHOCTHIO My, IIOCKOJIBKY OCHOB-
HOII BKJIQJ] B OLIMOKY BHOCUT IIOTPEIIHOCT My.

Determine the spectral type of the star using the standard

spectra in the Appendix 3 and the absorption lines identified on
the spectrum of HVS1. (Note that the spectrum above contains
both stellar and interstellar absorption lines.)

Detailed modeling of the spectral lines places the star between
luminosity classes V (Main Sequence) and IV (subgiant).

The apparent magnitude of the star in the visual band is
my = 19.84. Find the absolute magnitude My of the star using
Appendix 1 for the two possible luminosity classes.

You may ignore the uncertainty in my since the uncertainty in
your calculation will be dominated by the uncertainty in My.
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ii. Jig 060ouX BO3MOKHBIX KJIACCOB CBETVIMOCTU
BBIUMCINTE PACCTOSHME [0 3Be3Obl B KUJIONapceKax,
npeHebperas MeK3BE3IHBIM ITOTJIOLIIEHIIEM.

iii. Tamaxrtmueckne koopauHaTel HVS1 nsBecTHBI:
1 = 227.33537267°, b = 31.33199386°. OmnpaBmaHHO Jun
npeHebpeKeHe MeK3BE3IHBIM IIOTJIOIIEHIIEM B TAKOM
ciyuae? (YES/NO)

iv. Muccua «lana» xaptupyer Mieunsrir IIyTb
¢ 2014 roma, msMmepsdsd NapaJUIaKChl U COOCTBEHHBIE
OBIDKEHNS 1.5 MMUIIMapaoB 3B€31 ¢ TOYHOCTHIO oT 0.04
1o 0.1 mas (TBICSUHBIX YIVIOBON CeKyHIbI). MoxxeT Ju
«T'asiga» nusmepuTs napamutakc HVS1
(A) ecu a0 3Be3ma I'TI? (YES/NO)

(B) ecnu aro cy6ruranr? (YES/NO)

[aee mcmosb3yiiTe GOIbIIIEe U3 PACCTOSIHUIL, BbI-
YICIeHHBIX B IIOAIIYHKTeE ii.

v. Ilomoxmm, 4TO TrayIaKTOIEHTPUUIECKOE PacCTOs-
uue Comaia — 8.0 kpc. CxeMatnuHO 3apuCyitTe OTHO-
cureixbHoe pacrosnoxenue ComnHia, neHTpa ['amakTuxu
u 3Be3nsl HVS1. Berumciante ranzakToleHTpUUeCcKOe
paccrosuue HVS1.

(c) A reneps Haitném ckopocts HVS1.

i. Ha cnoexktpe (puc. 3) BUAHBI [Be JIUHUU
norsorenns Ca Il. OnnHa BosHuKIIa B aTMOcdepe 3Be3bL,
opyras — B Mex3Bé3gHO cpeme. CoBur o0ycCIIOBIEH
OBIVDKEHVEM 3BE3[bI II0 OTHOIIEHMIO K MEK3BE3IHON
cpene. Vsmepbre MOIJIEpOBCKMII COBMUT VM BBIUMCIIUTE
syueByto ckopoctb HVS1 o orsomrenuio x ConHIty.

ii. [Jlna mepecdyéra B raJlaKTOLIEHTPUYECKYIO CKO-
pOCTH HEOOXOOUMO YUeCTh CKOPOCTh ABIDKeHMsI CONHIIa,
OOYCJIOBIEHHYIO BpallleHueM [alakTUKM, ¥ BOCIIOJb-
30BaThCS CIEAYIOINVM BBIpAKEHIUEM, CBSI3BIBAIOIINM
TeIMOLEHTPUYECKYIO TyUeBYI0 CKOPOCTD VyHC C JIyU€BOI
CKOPOCTBIO B CICTeMe ITOKOS ['allaKTUKY Vyf:

For both these possible luminosity classes, calculate the star’s
distance from the Sun, ignoring interstellar absorption.

The galactic coordinates of HVS1 are [ = 227.33537267°,
b = 31.33199386°. Is the assumption of ignoring interstellar
absorption justified? (YES/NO)

The Gaia mission of the European Space Agency has been
mapping the Milky Way since 2014, measuring the parallax
and proper motion of 1.5 billion stars to an accuracy between
0.04 and 0.1 milliarcseconds (mas). Could Gaia have measured
the parallax of HVSI,

(A) if it is a MS star? (YES/NO)

(B) if it is a subgiant? (YES/NO)

For the rest of this question, adopt the larger of
the distances you have calculated above.

Assume that the distance of the Sun from the GC is 8.0 kpc.
Make a rough sketch of the relative positions of HVS1, the Sun
and the Galactic center (GC). Use it to calculate the distance (r)
of HVS1 from the GC.

Here, you will calculate the velocity of HVS1.

The spectrum in the figure 3 shows two absorption lines due to
Call One is caused by the atmosphere of the star and the other
is due to the interstellar medium. The shift of this line is due to
the motion of the star with respect to the interstellar medium.
Measure this Doppler shift and calculate the radial velocity of
HVS1 with respect to the Sun.

We are interested in the velocity with respect to the Galactic
center. For this, we first need to take into account the velocity
of the Sun due to the rotation of the Galaxy. The following
equation transforms the velocity of a star of heliocentric radial
velocity v,pc to the one in the galactic rest frame (rf), vy

V= Urgc + 11.1coslcosb+247.24sinlcosb +7.25sin b,

Tle CKOpoCTM yKasbiaioTcss B km sl

3Be3nqpl HVSI1.

Iil.

Hamimure vys

CobcTrBeHHOe nBrnkeHme HVS1

where the speeds are measured in kms™!. Find v, for HVS1.

HVS1’s proper motion (milliarcseconds/year) has been
measured as:

(Ha, ps) = (+0.08 £0.26, —0.12 £ 0.22) mas/yr.

Beruncinure ranrenuansuyto ckopocts HVS1 (B km/s).
Cxinonernmem HVS1 MmokHO mpeHeOpeusr B cuity eé
6am3ocTu K HeGeCHOMY 9KBATOPY.

iv. BpIumcianTe CKOPOCTH U 3Be3JBI IO OTHOLLIE-
HMIO K HeHTpy lamaktukm (B km/s) m yroi, KOTOpBIi
eé HallpaBJIeHIIe COCTABJIgeT C HallpaBJIeHNeM Ha LeHTP
Taymaktnku (B rpagycax).

Calculate the tangential velocity component (in km/s) of HVS1.
(You may ignore the correction for declination as the star is near
the celestial equator).

Calculate the velocity vr of the star with respect to
the Galactic center magnitude in km/s and angle with respect
to the direction of the Galactic center in degrees.
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v. Ilomaras, uro 3Be3ga oOpasoBanach B HMCKe
lamakTuKy, NCIOIb3YyIITe PAaCUET CKOPOCTH [IJI OLEHKI
MecTta poxxaerns HVS1:

+ Henopanéxy ot lleHTpa ragakTukm
« ¢ nepudepun

(d) 13 sHepreTuuecknx cOOOpayKEHMIL. . .

i. BbIpasuTe CKOPOCTb y0eTaHUS Uesc Uepes pac-
CTOSHME J0 LeHTpa I'aakTuKy 1 Maccy, 3aKII04YEHHYI0
B IIpefeiax chepbl COOTBETCTBYIOIIETO pafyca.

ii. Berumcnmre maccy I'amakTuxu (B Mmaccax CoiH-
11a) B mpefenax cdepbl ¢ pagMycoM, PaBHBIM TalaKTo-
LeHTpUUecKoMy paccTosgHuio HVS1:

M(r) :4nporf [r—

rae rc = 8 pc, po = 1.396 x 10* M, pc_3.

iii. BplumcanuTe CKOPOCTH yOeraHms Ha IaJlaKTo-
LIEHTPpUYECKOM paccTosHUM 3Be3nnl HVSI.

iv. Tloxupmaer 1u HVS1 lamaktuky? (YES/NO)

(e) Cxkoxbko net motpebosaock HVS1 s moctikeHus
TEKYII[eT0 MEeCTOIIOIOXKEeHUS !

(f) Ha ocHOBaHMM HAHHBIX O CIIEKTPAIBHOM KJacce
U KJIacce CBETMMOCTY 3Be3[bl olleHuTe Bodpact HVSI.
CpaBHMBaS €ro C IIOJIYUEHHON paHee OLeHKOI IIPOO0JI-
JKUTENBHOCTI IBUDKEHUS, BHIOEPUTE BEPHOE YTBEPKIeE-
HIIE O IPOMUCXOKIEHNUN ITOI 3BE3/IbI:

+ 3Besna ObL1a BHIOpOIIIEHA BO BpeMs 00pa3oBaHII
UM cpasy Iociie HeTo.

« 3Be3na GbUIa BBIOpOIIIEHA ITOCepeUHE BpeMEeHU
npeb6oiBanus Ha ['T1.

+ 3Be3ga OblLta BBIOpOIIIEHA HE3aJOJII0 [0 KOHIA
cBoero npeb6siBanms Ha [T1

(g) ActpoHoMmEl, 3aHMMaroIIMecs nouckamu HVS, Ha-
YMHAIOT C BBIOOPKM 3BE31 B raso ['amakTuku, mogo6HbIX
HVS1 no criektpansuomy kinaccy. O6bsicHUTE, IOUEMY:

. SBéSIH:-I 9TOTO CIIEKTPAJIPHOTO KJIaCcCa MOJIOABI ! ITI0TO-
MYy INpUMHAAJIEXaT €CTECTBEHHOMY HACEJIEHUIO Ir'ajo.

. 3Bé3I{I)I 9TOTO CIIEKTPAJIPHOTO KJIaCCa CTaphbl ! IIOTOMY
IDpMHaAQIEXKaT €ECTECTBEHHOMY HACEJIEHIIO Irajio.

+ 3BE3MBI 3TOTO CIEKTPATIBbHOIO KJIacca MOJIOAbI U IIOTO-
vy HE npuHagiexaT ecTeCTBeHHOMY HaceJIeHIIO Tajo.

. 3Bé3I{I)I 9TOTO CIIEKTPAJIPHOTO KJIaCCa CTaphbl N IIOTOMY
HE IOpmHaAJIeXaT eCTECTBEHHOMY HACEJIEHIIO IraJIo.

Assuming this star was born in the Galactic disc, use your
calculation of the velocity to estimate where in the Galactic
disc it is more likely to have come from:

« near to the Galactic center

« further out in the Galactic disc

From the energy considerations,

Obtain an expression for the escape speed v as a function of
the distance from the Galactic center and the enclosed mass.

Calculate the mass of the galaxy (in solar masses) within
the radius of the distance of HVS1

r
rearctan —
T'e

’

where r. = 8 pc is a constant of the equation and
00 = 1.396 x 10* My pc~3.

Calculate the magnitude of the escape velocity at the distance
of HVS1.

Is this a runaway star? (YES/NO)

How long has it taken for HVS1 to reach this position? Write
answer in years.

On the basis of the spectral type and the luminosity class of this
star, estimate the age of HVS1. Compare this with your result
in the previous part. Which one of the following statements
about the origin of the star is true:

« The star was ejected when or shortly after it was formed.

« The star was ejected mid-way through its time on
the Main Sequence.

« The star was ejected towards the end of its time on
the Main Sequence.

Astronomers looking for HVS-s start by finding a sample of
stars in the Galactic halo which are of a spectral type similar
to that of HVS1. Explain why by choosing which one of
the following statements is true:

« Stars of this spectral type are young and so belong to
the native population of the halo.

« Stars of this spectral type are old and so belong to
the native population of the halo.

« Stars of this spectral type are young and so do not belong
to the native population of the halo.

« Stars of this spectral type are old and so do not belong
to the native population of the halo.
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IIpninosxenue 1:
CuekTpanbHas Kiaccu@uUKamus 3B€3/, KJIIACChI CBETUMOCTH I A0COIIOTHBIE 3BE3HbIE BETMUMHBI

Classification and absolute magnitude of stars (M)

Population 11

Main
Supergiants DBright Sub-  sequence White Sub-
giants Giants giants dwarfs  ZAMS'®) dwarls dwarls Red  Horiz.
Sp Ta Ib I I AY V Vv V1l Vi branch branch
05 -6.4 =54 -35.7
BO =67 =61 =54 =50 =47 -4.1 -3.3 +10.2
B5 -69 =57 -43 =24 -18 -1.1 -0.2 +10.7 +2.3
A0 =71 =53 =31 =02 +0.1 +0.7 +1.5 +11.3 +0.8
A5 =77 —-49 =26 +05 +14 +20 +2.4 +12.2 +0.5
FO —-82 —47 =23 +1.2 420 426 +3.1 +12.9 +0.4
F5 =77 —4.7 -22 +14 423 +3.4 +3.9 +13.6 +4.8 +48 +0.4
GO0 -75 -4.7 =21 +1.1 +2.9 +4.4 +4.6 +14.3 437 +4.1 +0.3
G5 =75 —47 =21 +0.7 431 +5. +5.2 +149 464 420 -0.
KO -75 —46 -21 +05 432 459 +6.0 +153 473 02 06
K5 =75 =16 =22 -=0.2 +7.3 +7.3 +15 +84 =22 -2.2
MO =75 =16 =23 =04 +9.0 +9.0 +15 +10 -3 -3
M2 -7 -24 -06 +10.0 +10.0 +12
M5 -0.8 +11.8 +11.8 +14

M8 +16 +16
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IIpninosxenue 2:
CoexTpanpHbIe JTMHIN

Species Identification  Wavelength/nm Species Identification  Wavelength/nm

and and

ionization ionization

Call K 3934 Ti0 545-570

Call H 396.8 Nal D doublet 589.0.589.6

H1 Balmer He 397.0 10 590-610

Fel 404.6 CH, methane 619
band

HI Balmer Ho 410.1 TiO 620-640

Cal g 422.7 HI Balmer Ha 656.3

CH G 430-432.5 TiO 665-700

HI Balmer Hy 434.0 0, B (telluric 686.7
band)

He 1l 4542 H,O a (telluric 716.0
band)

TiO 475490 CHy methane 725
band

HI Balmer Hf 486.1 H,0 (telluric 732-738
band)

TiO 495-510 0, A (telluric 759.4
band)

[O 1] oxygen 4959 H,0 Z (telluric 790-840
band)

[O 1] oxvgen 500.7 CH, methane 798
band

TiO 515-540 CH, methane 887-911
band

Puc. 4: CexTpasibHble INHNM, ITOJIE3HbIE B [eJle CIIEKTPAIbHOI KIacCu(DUKALMM CIIEKTPOB HUSKOTO paspelle s
Spectral lines useful in the spectral characterization of low resolution stellar spectra of different stars

IIpuno>xenue 3:

CIieKTpbI HOIJIOIeHNA, XapaKTePHbIe AJIA 3BE3]] Pa3IMYHBIX CIIEKTPATbHBIX KJIACCOB

Cnextppl 3BE€3m [7aBHOI IOCIEqOBATEIBHOCTU pas-
JIMYHBIX CIEKTPAJIbHBIX KJIACCOB (CMHUIT KOHEI[ CIIeK-
Tpa, Iie MHOIO JIMHUI aTMOC(EpHOro IIOIJIOLEHS).
Kpusrle mpuBefeHBI IIO OTHOIIEHUIO K COOTBETCTBY-
OLMM IUIAHKOBCKMM CIIEKTpPaM, UTOOBI JIMHUU OBLIO
npoute pasanunth. [locmemuuit rpaduk IoKasbIBaer,
KaK CIIEKTP 3aBUCUT OT KJacca CBETMMOCTY 3BE3[bI
(mpu paBHBIX CIIEKTPAIBHBIX KJIACCAX).

Spectra of main sequence stars of different spectral classes,
at the blue end of the spectrum (where there are many
absorption lines due to atomic transitions). The spectra have
been divided by the respective continuum so that the lines are
more easily discernible. The first five panels correspond to MS
stars. The sixth panel shows how the lines change for different
luminosity classes for the same spectral type.
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Main Sequence AS — GO
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