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Read once more before vou start your work

Requirements:

— Languages of the solutions. (For Practical and also for Observational rounds).
No text in any language is permitted to use in solutions. All the solution must be
written using only drawing pictures, plotting graph, writing formulae, numerical values
and standard international astronomy symbols (like &, £, o UMa, M31, 5™).
Numerical values must be written using standard symbols but not symbols of National
alphabet. Jury of the Practical round will not take into account any text in any
language in solution.

For example, the names of constellations, written in English, Russian or any
other language will be not taken into account (should be only UMa, Ori, etc.).

EWé pa3 npoynuTaunTe repen Havyarnom padboTbl

TpeGoBaHus:

— fA3biku HanucaHuAa pelweHun 3agas. (Ha npakmudyeckom u HabrnrodamesnsHOM
mypax). TexcTbl B peLleHunsix He JOMnycKaloTea (HU Ha Kakom s3bike). Bee pelueHus
AOJNKHBI cofepXXaTb TONbKO PUCYHKW, rpadnku, popmMyrbl, YUCNEHHbIE 3Ha4YeHnsa n
CTaHOApTHbIE MeXOYyHapoaHble acTPOHOMUYECcKUe CUMBONbI (Takne kak 3, £,
a UMa, M31, 5™). Lindpbl 4omkHbI BbITe HanMcaHbl CTAHOAPTHBIMU CUMBOIAMU (He
CMMBONnamu HauunoHanbHoro andasuta). XKopu npakTuyeckoro Typa He Byaer
yUuTbLIBaTL Kakne-nnbo TekcThl (Ha Niobom A3bIKe) B PeLUeHUH.

Hanpumep, He yunTbiBaIOTCS HasBaHUA CO3BE3NIA, HANUCaHHbIE Ha
aHMTIMACKOM, PYCCKOM UMK UHOM SA3bike (JormxHo BbiTh Tonsko UMa, Orin 1.4.).

Kurai, Bonxan 2017 Weihai, China
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6.1.

6.2.

6.3.

6.4.

Practical round. Problems to solve

. Transiting extra-solar planet.

The transit of an extra-solar planet (TrES-3b) across a star (TrES-3) was observed by the
1-m telescope of Weihai Observatory (WHO) on April 16, 2009, using the broad-band V
filter and a PI CCD. The photometric data (selected part from the original one) are given
in the Table 6 (see separate sheet), the time is in Julian days, and my is the V-band
magnitude.

Plot the transit light curve (magnitude vs time), determine the moment of mid-transit (the
deepest transit) and write result (in Julian days) in form of «Tyie = ...», estimate the
duration of the transit (in days) in form of «T4 = ...», determine the depth of the transit (in
magnitudes) in form of «D = ... » .

Give the formula and calculate the radius of the extra-solar planet TrES-3b R, (in units of
the radius of Jupiter: R jupiter, Write the answer in form of «R = ...»). The radius of the star
(TrES-3) is known to be 0.813 radius of the Sun, Rs = 0.813 Rgyn.

Estimate the approximate value of the angle i, in unit of degrees (°) between the axis of

this planet's orbiting and the line of sight of the observer. Write the answer in form of
«i= ..y,

The next mid-transit moment after the above transit event was: JD = 2454939.578. The
mass of the star (TrES-3) is known to be 0.924 mass of the Sun, Mg = 0.924 Mgyn.
Calculate the orbital period of TrES-3b (in units of days, in form of «P = ...»), and the
semi-major axis of the orbit (in units of au, in form of «a = ...»).

Kurait, Baxan 2017 Weihai, China
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7.

7.1.

7.2

7.3.

7.4,

Practical round. Problems to solve

Extinction in terrestrial atmosphere.

Extinction is a term used in astronomy to describe light attenuation due to its absorption
and scattering.

A star (a = 22"02™40°% 5 = +42°14'41") was observed at different zenith distances on
October 26, 2017 (after its upper culmination at 11:34:20 UT), at the Weihai Observatory
(WHO) of Shandong University. Astronomers use parameter F(z), air mass, as an
extinction characteristic, F(z) = 1/cos(z) if the zenith distance (z) is smaller than 60°. The
atmospheric extinction equation can be written as: my = mg + K-F(2), where mq is the
magnitude of the star without atmospheric extinction, K is the atmospheric extinction

coefficient. Table 7 (see separate sheet) gives the observing times (UT, in units of hour)
and the measured magnitudes (my) of the star.

Draw the table (similar to that you see below) in your answer book. Calculate zenith
distances, z, in unit of degrees (°), for given observing times in 1%t column, and write the

result into the 2™ column. Calculate the air mass (F(z)) for different zenith distances, and
write the result into the 3™ column.

UT obs (hour) z(°) F(2)
12.49484

Plot the scatter diagram between magnitudes (my) vs. air mass (F(z)). Draw a straight
dashed line on the plot to indicate the linear relation between my vs. F(z).

Estimate the atmospheric extinction coefficient (K) and the magnitude of this star without

atmospheric extinction (mg) with help of graphical method, and write results in forms of
«K=_.» «mg=..».

Determine the magnitude (mjy) of this star as it was observed in zenith, and write result in
form of «mz = ...».

Knrta#t, BoaWuxan 2017 Weihai, China
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7.1.
7.2,

7.3.

7.4.

7.5.

Practical round. Problems to solve

. Spectral observation on an interacting galaxy.

The low-resolution spectra of 15 different regions in an interacting galaxy Arp 86 were observed
by Multi-Object Spectrograph (MOS) on the 2.16-m telescope of Xinglong Station near Beijing,
National Astronomical Observatories of China. The data is analyzed by Zhou et al. (2014, RAA,
14, 1393). The measured fluxes of the [Olll], HB, [NIl], Ha emission lines are shown in Table 37
(see separate sheet). The fluxes are in units of 107*® erg/s/cm?.

Plot the scatter diagram between log1o([OII}/HB) vs. logse([NII}/Ha) for regions in the galaxy.

Draw a dashed curve on the diagram for the diagnostic function:

log1o([OHI)/HB) = 1.3 + 0.61/({log1e([NII}/Hx)-0.05}),

given by Kauffmann et al. (2003, MNRAS, 346, 1055). If the point of a region in the diagram is
above this curve, the region can be classified as “AGN” (Active Galactic Nuclei). Determine
which regions can be classified as “AGN”, write the answer in form of «AGN = “Region ID" ... ».
(“Region ID” are given in the 1% column of Table.f7.)

In your answer book draw a table in form of the following example. Calculate the angular
distance between each region to the center (a = 23M47M04.8%, § = +29°29'00.68") of the galaxy (in
units of arcsec). Calculate the luminosities of Ha (L(Ha)) for each region (in units of erg/s), and

then estimate the Star Formation Rate (SFR) for each region based on Ha luminosities,
following the formula:

SFR (Melyr) = 7.9 x 1072 [L(Ha)] (erg/s).

Calculate the metallicities (oxygen abundance in units of loge(O/H)) of interstellar medium (ISM)
for each region, following the formula:

12 + logo(O/H) = 8.9 + 0.57 x log1o([NH]}/Ha).
The redshift of Arp 86 is: 0.016.

Angular Distance
Region ID to the center L(Ha) SFR log1o(O/H)
(arcsec) (erg/s) (Molyr)
1
2

Plot the radial distribution of the log1o(O/H) of this galaxy. The radial distribution should be
plotted as a scatter diagram: logio(O/H) vs. B, where B is angular distance to the center in
arcsec.

Draw a straight dashed line on the scatter diagram of oxygen abundance (log1e(O/H)) radial
distribution to indicate the trend of the profile. If there is a linear relation between log1o(O/H) and
B, i.e. as log1o(O/H) = A + BxB, estimate B with a help of graphical method, write the answer in
form of «<B = ...».

Kutan, Bawxau 2017 Wetihai, China
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Tabnuua k 3apaue 6. Table for problem 6.
time (JD) My
2454938.220 12.4080
2454938.231 12.4094
2454938.239 12.4074
2454938.244 12.4074
2454938.248 12.4144
2454938.251 12.4217
2454938.257 12.4261
2454938.261 12.4292
2454938.267 12.4353
2454938.274 12.4365
2454938.279 12.4333
2454938.283 12.4267
2454938.287 12.4254
2454938.294 12.4172
2454938.297 12.4146
2454938.304 12.4102
2454938.314 12.4075
2454938.324 12.4086

OnemeHTLI OpGUT U chusnueckue xapakrepuctuku ConHua, 3emnu, JlyHe! u lOnutepa
Parameters of orbits and physical characteristics of Sun, Earth, Moon and Jupiter

Cpenree CiiAepnieckan IRC- | OKBato- Cpen- | Yokop. | Make.

HebecHoe paccTosiHue oT nepuog obpaldenus UeH- | puansH. HAA cB0ob. | Gneck,
Teno, UeHTpanbHoro Tena Tpucu- | auamerp | Macca nnoT- nag. Bua. ¢ | Anb-
nnasera B B B S TET, HOGTE y nog. Sen*/mm beno
acmp. MAH. | mponuv. | cpedrux *
ed. KM epodax c@mxax e kM 10% k2 | 2/cM m/c
Average distance to Sidereal Ec- Equat. Av. Grav. Max.
Body, central body (or analogous) period | centri- | diameter Mass den- | acceler. | magn. Al-
planet |nt I? in city sity at sug. l[:rorrtr;1 bedo
astr. min. tropical in 24 a
units km y&rs days e km 10" kg | g/cm m/s **)
ggg“ue 16-10° | 2510 | 22:10° 810" 1392000 | 1989000 | 1,409 26,8
ggﬁ"tﬂ“ 1,000 | 1496 1,000 | 385256 | 0017 | 12756 | 59742| 5515| 9,81 0,36
&%%an 0,00257 | 0,38440 0,0748 27,3217 | 0,055 3475 0,0735| 3,34 162 | -127™ | 007
ﬁgﬁ;ﬁp 5204 | 7786 | 11,862 | 433259 | 0,048 | 142984 | 18998 | 133 | 24,86 | 27" | 066
**) B cpesHem nNpoTUBOCTOStHUM. **) In mean opposition.

Knran, Bawxawn 2017 Weihai, China
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Tabnuua k 3apave 7.

UTows (hour)
12.49484
12.76648
13.30982
13.58151
13.85316
14.12483
14.39651
14.66817
14.93982
15.21151
15.48372
16.02750

Table for problem 7.

My
16.9040
16.9195
16.9135
16.8938
16.9306
16.9460
16.9420
16.9520
16.9528
17.0046
17.0630
17.1581

KooppuHaTbt
Coordinates

ObcepBartopusa Boaiixai
WHO Observatory

Habn. craHuusa CuHnyH
Xinglong Observatory

¢ (N/cu) 37° 32 40° 24’
A (E/BAO) 122° 03' 117° 35
Uacosoit nosic  Timezone UT+08 uT+08

Kutaw, Bawixan

2017
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Tabnuua Kk 3anave 7.

Table for problem 7.

Region R.A. Decl. f([OHI]) f(HB) f(INHT) f(Ha)
ID (J2000.0) (J2000.0) A5007 AG583
1 23:47:05.7 +29:29:37.7 25.4 22.3 44.0 125.0
2 23:47:06.5 +29:29:37.7 18.2 28.0 28.5 82.1
3 23:47:04.4 +29:29:34.8 15.4 246 45.6 126.0
9 23:47.07.2 +29:29:22.9 6.45 8.57 124 26.8
15 23:47:06.3 +29:29:13.2 119 23.9 140.0 285.0
16 23:47.05.3 +29:29:12.6 713 4.70 14.4 258
19 23:47:01.1 +29:29:06.9 248 11.8 20.4 53.3
23 23:47:04.0 455:29:02.3 10.3 8.63 12.6 43.9
28 23:47:08.0 +29:28:56.1 103.0 34.7 95.5 276.0
33 23:47:03.2 +29:28:50.7 14.7 16.4 30.0 84.0
34 23:47:01.8 +20:28:48.3 48.2 25.0 65.5 183.0
37 23:47.08.2 +29:28:45.0 107.0 33.2 77.4 214.0
43 23:47:02.3 +29:28:35.5 224.0 143.6 407.0 1180.0
45 23:47.02.8 +29:28:33.2 337 60.0 97 .4 255.0
47 23:47.06.6 +29:28:29.1 1.5 19.1 33.9 104.0
KoopauHatbi O6cepeatopun Baixan | Ha6n. craHuua CuHnyH
Coordinates WHO Observatory Xinglong Observatory
¢ (N/cuw.) 37° 32 40° 24’
A (E/Bp) 122° 03’ 117° 35’
Yacosoit nosic  Timezone uT+08 uT+08
Kutai, Boaixan 2017 Weihai, China




