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1. Actpodororpadusn

Haxopsiuiicas Ha skBaTope actpodoTorpad Birameer
xopomnM LuGpoBEIM ¢oToanIapaToM Ha IITaTUBe.
doxycHoe paccTosiHIe 00BeKTIBa — 150 mm, artepTypa —
84 mm. IddekTUBHBI AUamMeTp ceHcopa — 22.5 mm.
doroamnmnapar HalleJeH B 3eHUT.

(a) Berumcnure mose 3penus ¢oroamnmnapara (yriaoBoit
pasMep M300paKeHMsI) B Tpagycax.

(b) IIpocTpaHCTBeHHBIN IIepUOJ IIUKCEIOB CEHCOpa —
3.23 pum. KakoBo MaKcuUMaJIbHO BO3MOKHOE BpeMsd
9KCIIO3MUMY (B CEKYHIAX) DO IOSBIEHVS TPEKOB 3BE3N?

()
cepusi CHUMKOB (C HaliIeHHOI paHee BBIAEPIKKOIL),
KOTOPBIE 3aTEM «CKJIaJbIBAIOTCO». [IotHOE Bpemsa cbEM-
K — 30 cekyHO (BpeMeHeM 3amMCU Ha KapTy IaMATH
npeunebperaem). Kakast yacts cyMMapHOTO 1OJISI 3peHUs
3aleyaTyieHa Ha BceX CHMMKax cepum? OTBeT — 4mciio
ot 0 mo 1.

Hnsa  ynyurieHus u300paskeHMS IPOM3BOIUTCS

2. Ilmockag 3emiuas

Hosas mMomens MUPOYCTpOIICTBA 3aTMILIA YMbI HEKOTO-
pBIX JIofeif. 9T TIyIUbl BepAT B MOJENb «ILJIOCKOI
3emun»: 6yaTO 6BI 3eMIIA ABIIAETCI KPYTIIBIM «OIMHOM »
pammyca Rg, Tak 4TO LleHTpaJbHAsA 0Ch 3eMJIN (IIpsaMasd,
MepIeHANKYJISIpHas «OIMHY» U IPOXOISIIAast Uepe3 ero
LIeHTp) HAIIpaBJeHa B 3¢HUT HaOJII0aTe .

B pamkax aT0i1 Mofenu 6yeM CUMTaTh, UTO
« COJIHeUHas IOCTOSHHASI Sg = 1366 W/m?.
s I[eHTpaJbHasi 0Ch 3eMJIN IIPEIeCCUPYET 110 KPYTy
¢ nepuonoM 25800 jerT.
+ pagmyc IpereccuoHHOro Kpyra — 23.5°.

3a0IHO IONIOXKUM, UTO 3eMiisd — abCONIOTHO UEpHOe
TEJO C OOHOPOMHBIM pAacCIpeleleHUeM TeMIIepaTyphl,
a CoxHIle CTOJNb HaleKo, YTO ero JyuM ITapajulesIbHBI,
11 B HAUAJIbHBI/I MOMEHT BpeMeHM HAaXOAUTCS B 3€HUTE.

Omnpenennre, uepes CKOJIBKO JIET paBHOBeCHas TeMIlepa-
typa 3emun ymeHsbnrcs Ha 1°C.

10 6asyu1oB

An astrophotographer, based on the Equator, uses a good digital
camera on a tripod, but with no tracking. The camera has
a telescopic lens with focal length of 150 mm and aperture
(objective diameter) of 84 mm. The sensor has an effective light
collecting diameter of 22.5 mm. The photographic target is
a star field at the observer’s Zenith.

Calculate the field of view (the angular width of the image)
which can be captured on the sensor using this equipment.
Give the answer in degrees.

The pixels in the camera’s sensor are separated by a distance
of 3.23 um. What is the maximum possible exposure time for
a single frame, so that no star trails appear on the exposed
image? Give the answer in seconds.

For a better-quality image of the star field, the photographer
decides to take multiple shots at the exposure time calculated
in b) and then to stack them together. The total time for all
these shots is 30 seconds (ignore any time taken to write data
to the memory card). What fraction of the total field of view
is always visible throughout the shots? Give the answer as
a number between 0 and 1.

10 6amioB

A new model of the world is gaining in popularity among
some people. These people believe in the “Flat Earth” view
of the world, where the Earth is not a spheroid, but rather
a circle with radius Rg. The central axis of the Earth (normal
to the circle passing through its centre C) passes through
the observer’s zenith.

This model must at least remain consistent with the observed
phenomena, as listed below:
« The value of the solar constant is Se = 1366 W/m?.
« The Earth’s central axis precesses in a circle with
a period 25800 years.
« The radius of the precession circle is 23.5°.

Assume that (1) the Earth is a perfect blackbody radiator with
uniform temperature and the Sun is sufficiently far away such
that all solar rays are parallel and (2) the Sun’s current (initial)
location is at the zenith.

Determine how many years it will take for the Earth’s
equilibrium temperature to decrease by 1°C.
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3. 3epkaio

Ckyuarormmii IpUAYMaJl  SKCIIEPUMEHT
IS ompemeneHns  mapaMmerpa — Xaboma — Hy
B paMKaxX MOJeNN CTaIMIOHApHO pacLIMpSIOIIeiica
Bcenennoit. Bosblioe mnpaeanbHOe IIJIOCKOE 3€pKaJo
TYPOCKOIIMYECKOI
pasMecTuTh BRAIM OT APYTMX TeJ, Ha paccTosHmu D
ot ConHeuHo1 cucTeMbl. OTIIpaBIeHHBIN ¢ 3eMIIN CBET
Jlasepa BepHETcA uepe3 BpeMs 1, 3HaA KOTOPOe MOXKHO
OynmeT BBIUMCIUTE U (pUKCUpOBaHHOe 3HaUeHUe Hy.

KOCMOJIOT

c crabmamsanyeit MpeaioKeHo

(a) Beipasure Hy uepes D, ¢ m T, mojaras, 4TO
paccrosuue S Mexxay CONTHEUHO CUCTEMOI U 3epKaIoM
M3MEHAETCSI MCKIIOUMUTENIbHO 3a CUéT paclIVpeHusd

BcesenHoit 1o 3akomny S = s- el

, TIle S — HayvaJIbHOe
paccrogume. Cuyuraiire, YTo 32 BpeMs [ CBET IIPOXOOUT

paccrosHue ct. Eciu HyxHO, e* = 1+ x mpu x < 1.

(b) IlpencraBpTe, UTO 3€pKAJO PACIIONIOXKEHO BOIM3U
Bern — 3Besmel-cuMmBoiia Onmmnmansl. Bera crana
nepBoit 3Be3noit (mocie ConHila), kotopas 6puia cdo-
TorpadpupoBaHa, a TakKKe OIHON M3 IIEpBBIX 3BE3T,
IO KOTOpPOJ MeTOZOM Iapajuiakca OBLIO OIpemeseHo
paccrossHuUe — 31O crenan Bacymit fxoBieBmu Ctpyse
B 1840 rony. [lapamnakc Bern p = 0.125”. Ckonbko et
MPOINIIOCH ObI M3MepeHue Hy B yCI0BUSIX OIMCAHHOTO
3KCIIepUMeHTa?

4. KpusBsIe Os1ecka

Kpusas 6itecka A cOOTBETCTBYET 3aTMEHHO-TIepeMeHHOI
IBOVIHOI cuCTeMe, HaOMIOgaeMoil «¢ pedpa», ¢ KOMIIO-
Hentamu X u Y (pagmycsl rx U 'y, cBetumoctut Lx u Ly,
COOTBETCTBEHHO). 3Be3na X spue, HO 3Be3na Y — ropsuee.

3]

10 6asu10B

A bored cosmologist comes up with a thought experiment to
determine the Hubble constant (Hp) for his model of a Steady-
State-Universe. In this experiment, a large, fully reflecting
flat mirror - carrying several gyroscopes that would maintain
its spatial orientation in the same plane - would be placed
at a distance D from the Solar System in a region without
gravitational influences. From the Earth, a laser beam would
be directed towards that region for a long period of time. After
a time T, the radiation would return and be detected, allowing
the determination of the fixed constant Hy.

Find an expression for Hp as a function of D, c¢ (speed of
light) and T. Consider that the separation S between the Solar
System and the mirror increases only due to the expansion
of the universe according to the law S = s- e’ where s is
the initial separation. You may use e* = 1+ x for x < 1, if
necessary and assume that light travels a distance ct in time ¢
in this expanding universe.

Imagine that such a mirror is located in the vicinity of the star
Vega (which also features on the logo of the 1st GeCAA). Vega
was the first star outside the Solar System to be photographed
and one of the first stars whose parallax (p = 0.125") was
accurately measured in 1840 by G. W. von Struve. Estimate
the total duration of this Hy measurement experiment. Give
the answer in years.

20 6aJUI0B

The light curve A shown below, shows a fictional edge-
on eclipsing binary system containing stars X (radius ry,
luminosity Lx) and Y (radius ry, luminosity Ly). Assume that
star X is brighter, but star Y is hotter.

Light curve A
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Puc. 1: Kpusas 6Giecka A: 3aBUCUMOCTD OCBEILIEHHOCTI OT BpeMeHH (B CYyTKax)
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(a) Kakas u3 qByX 3BE3[ JIEXXUT HA TJIABHOIN IIOCIIENO-
BarenbHOCTU? Bribepure Gostee BepOSITHBIN BapuaHT: X
unn Y.

(b) Ucnonwsys xpusymw Oiecka A, ompe/ennTe:

i. OTHOILIIeHMe paJMycOB KOMIIOHEHTOB I'x/Ty;

ii. OTHOIIIeHNE CBETIMOCTEN KOMIOHEHTOB Ly /Ly.
(c) Ona monyuyeHmss wu3 Kpusoil Oiecka A KpPUBBIX
B-F pocraTouHOo ©IOMEHATH BCEro OJMH IIapaMeTp

cucteMsl. [l Ka)KIoil 13 KPUBBIX BeIOepuTe Hamboiee
TIOAXOMAIINIT BApMAHT:

Which of the two stars is more likely to be on the main
sequence? (Choose “X” or “Y”)

Based on light curve A, estimate:
rx/ry, the ratio of the radii of the two stars;

Lx/Ly, the ratio of the luminosities of the two stars.

5] S]]

15| For light curves B to F, in each case only one parameter of
the binary system has been changed from the case in light curve
A. For each case, choose the description from the following
list that best corresponds to the change (write the appropriate
number in the answer sheet).

1. YBenmumicsa pasmep 3Be3anl X. 1. Star X increased in size.
2. YBenmumiaach CBETMMOCTD 3Be3IbI X. 2. Star X increased in luminosity.
3. YmMenbumics pasmep 3Be3asl X. 3. Star X decreased in size.
4. YMeHBLINIACh CBETUMOCTD 3B€3IbI X. 4. Star X decreased in luminosity.
5. YBenuumica pasmep 3Be31bI Y. 5. Star Y increased in size.
6. YBenmumiach CBETMIMOCTD 3Be3bI Y. 6. Star Y increased in luminosity.
7. YMeHbIIMICA pa3Mep 3Be31bI Y. 7. Star Y decreased in size.
8. YMmeHpIIMIIaCh CBETUMOCTD 3Be30bI Y. 8. Star Y decreased in luminosity.
9. 3Besma X — mepeMeHHas. 9. Star X is a variable star.
10. 3Be3ma Y — nepeMeHHas. 10. Star Y is a variable star.
11. VI3sMmeHWMICS HAKJIOH OPOUTAIBHOI IIOCKOCTY CUCTEMBL. 11. Theinclination of the system relative to the Earth has changed.
12. YMeHBIINIOCH PACCTOSHIE IO CHCTEMBI. 12. The distance of the system from the Earth has decreased.
13. YBenmmumioch pacCTOSHIE KO CUCTEMBI. 13. The distance of the system from the Earth has increased.
14. VBennumics opOUTANBHBII IIEPUOJ CUCTEMBL 14. The orbital period of the system increased.
15. YMeHBIIIIICT OPOUTAIBHBI IEPUOJ CUCTEMBL. 15. The orbital period of the system decreased.
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Puc. 2: Kpussie 6iecka B-F



GeCAA-2020 [Russian]

Teopernueckmnii Typ / Theory

Crpannua 4 us 8

5. Oomacts HII

Apxue romybeie nepemennsle (LBV) — wmaccuBHbIe,
HeCTaOVIbHBIE CBEPXTUIAHTHI, KOTOPBIE MOTYT OLIyTH-
MO TepATh BeI[eCTBO M3-3a aTMOC(hEepHBIX HeCcTaOuIb-
Hocreir. Ilocie BpIOpoca BOKpPYT 3Be3[pl 0Opasyercs
IUIOTHAg TyMaHHOCTb. LBV oueHb ropsaum m msmydaroT
BBICOKO9HepreTmyeckne (GOTOHBI, CIIOCOOHBIE MOHU-
3upoBaTh aTOMbl Bomopona (Ep, > hvp = 13.6 eV).
B pesyibrare obpasyercsa chepuueckas obiaacts HII —
VIOHM3YIPOBAHHOTO BOJOPOA.

PaccMoTpuM craTmyeckyo, OJHOPOAHYI0 TYMaHHOCTb
U3 YJCTOTO BOOOpPOHdA C KOHLEHTpaUUen ny = 108/m?3
npu temreparype Ty = 10 K, xoTopyro monmsupyer
oguHouHasa LBV, usnyuaromasa Q = 10%9/s BBICOKOIHED-
reTuyeckux ¢oronoB. OgmH Takoit ¢oroH crocobeH
MOHU3MPOBATh TOJIBKO OOMH aTOM.

B o601t Touke obmactu HII mporekaer kak mpoigecc
¢dboTomoHM3anMY, TAK U IPOLECC peKOMOMHAINI, B PaB-
HOBeCUM KOMIIEHCUPYIOIIVE APYT ApyTra. ITO oIpeme-
sset paguyc Rg 061acTyl MOTHOCTHIO MOHM3MPOBAHHOTO
BellleCcTBa, OrpaHnueHHOI cdepoit CtpéMrpeHa.

KonmuecTBO IpOMCXOqAIINX peKOMOHAIIIL B € JUHIILIE
00BéMa IPSIMO IMIPOIOPLIMOHATHHO KOHIIEHTPAIMIM
MPOTOHOB N, U 3JIEKTPOHOB M, C KoaduImeHTOM
a(Tgn = 107 m3/s. BosHukaromme B peayibTaTe
pexoMOuHaIu GOTOHBI UTHOPUPYILTE.

(a) ITosmyunTe BbIpa)keHMe ¥ BBIUMCIIUTE IIPU 3aaHHBIX
napaMerpax pagnyc chepst CtpémrpeHa Rg B mapcexax.

(b) Ceuenne mpouecca GoTOMOHM3AUM IS ATOMOB
BOJOPOAAa B OCHOBHOM COCTOSHMM ¥ (OTOHOB C dYa-
croToit vy cocraBiser o¢ =~ 1072 m?. Berumcamre
IUIMHY cBoGogHOTO 1pobera Iy, PoToHa B TYMaHHOCTIH.
CpaBHuB [y, ¢ Rg, OTBeTbTe, IMeeT JI paccMaTpyBaeMast

o6macts HII peskyro rpanuny (YES/NO).

(c) Ouennre, ckoIBKO JeT Tpebyercs At GpopMupoBa-
Hus cpepsl CTpémrpeHa.

(d) Ipuxonsiee us obmactm HIl msnyueHue HasbI-
BalOT TOPMO3HBIM (CBOGOIHO-CBOGOIHBIE IIEPEXOIbI):
€ro IIpOM3BOMAAT CBOOOMHBIE 3JEKTPOHBI, Oe3 3axBara
paccemBarolecss Ha MOHaX. IIpm TakoM paccesHUMN
9JIEKTPOH COXpaHseT GOJBIIYI0 YacTh CBOEN SHEPIUIML.
IIpenmonoxuM, YTO B pe3yJbTaTe B3aMMOMAEIICTBUA
9JIEKTPOHA C IIPOTOHOM OBLI M3JIyUeH paano-poToH
cuacroroit v = 10 GHz. BeruncianTte cpeJHIO0 TEIJIOBYIO
9Hepruo 31eKTpoHoB B obactu HII npu 3aganuoit Ty

sIBnsteTcs M OMMCAHHOE TIPUMEPOM TOPMO3HOTO UBIY-
uenus (YES/NO)?

[4]

20 6a10B

Luminous Blue Variables (LBV) are massive, unstable,
supergiant stars that can undergo episodes of very strong
mass loss, due to an instability in their atmospheres. After
such an event, a dense nebula is formed around the star.
LBV are also very hot stars and produce a large amount of
high-energy photons that are able to ionise hydrogen atoms
(Eph > hvo = 13.6 eV) creating a roughly spherical region of
ionized hydrogen (HII region).

In this problem, we consider a static, homogeneous, pure
hydrogen nebula with a concentration of ny = 10%/m3 and
temperature Ty = 10* K, ionized by photons from a single
LBV star with a stable rate of ionizing photons Q = 10*° ph/s.
Assume that each photon can ionise only one hydrogen atom.

At a particular location within an HII region, the rate of
photoionization is balanced by the rate of recombination per
unit volume. This sets the radius of the fully ionized region and
this region is called the Stromgren sphere with the radius Rg.

The total number of recombinations per volume is proportional
to the concentration of protons np, the concentration of
electrons n, and the recombination coefficient for hydrogen
a(Tan) = 10719 m3/s. For simplification, ignore the fact that
the process of recombination can also release ionising photons.

Derive an algebraic expression for the radius of the Stromgren
sphere and calculate its value for the given parameters. Give
the answer in parsecs.

The photoionization cross-section of H-atoms in the ground
state encountering photons with frequency vy is equal to
o ~1072! m?. Calculate the mean free path I, of an ionising
photon. Compare I, to Rs to determine if this ionized nebulae
is sharp-edged or not? (answer “YES” or “NO”)

On what timescale do you expect the Stromgren sphere to
form? Give the answer in years.

Radiation from an ionized hydrogen cloud (HII region) is often
called free-free emission because it is produced by free electrons
scattering off the ions without being captured: the electrons are
free before the interaction and remain free afterwards. In this
process, the electron retains most of its pre-scattering energy.
An electron, while passing by a much more massive singly
ionized hydrogen atom, produces a radio photon of v = 10 GHz.
Calculate the mean electron thermal energy in the HII region,
for the given temperature of the Stromgren sphere. Is this
an example of free-free emission? (answer “YES” or “NO”)

HpOIIO.TI)KeHI/Ie Ha Cnejlylomeﬁ CTpaHHnLE —
Continued on the next page
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(e) Iockoneky obmacts HII Haxommrcs B JIOKAIBHOM
TepMOAMHAMIYECKOM pPaBHOBECUM, MOKHO PaccUUTaTh
K03¢pPULMEHT HOIVIOIIEHNS, IPIMO IPOIOPIIMOHATE-
HBIMI OIITITUECKON TOJILMHE T, X y~21 OxaspIBaeTcd,
UTO JJI1 BBICOKOUACTOTHOIO PagMOM3IyUeHUs ropsuas
IU1a3Ma MpakTUJYecKu mnpospauHa (7, < 1). IltoTHOCTS
moToka (OTOHOB MMeEeT CTEIEHHOW BUM: S, X vh.
Omnpenennre B mis pagmoyacTor.

[4]

6. 3aTMeHHIe PEHTTEeHOBCKOTO MICTOUHIKA

CroyTHUK, HaOIIOOAIOINII PEHTTeHOBCKIE MCTOUHUKI,
obpairaeTcss BOKpYr 3eMJIM IIO OpOUTe pagmycoMm I
c nepuonom P. Paguyc 3emnu — R. ClyTHUK coXpaHsaeT
OpPMEHTAIMI0 B IIPOCTPAHCTBE Ha IPOTSHKEHUU IIPOM3-
BOJIPHOTO 33JJaHHOTO IIPOMEKXYTKa BpeMEHI.

Korpma 3emua okasbIBaeTcs MeXAy CIIyTHUKOM M JC-
TOYHMKOM, M3MEpSIeMBINI IIOTOK W3JIyUeHNSI IIafaeT
no Hyna. OmHaKo, IIOCKOJIBKY ¥ 3eMiy ecTh aTMocdepa,
3TO IPOMUCXOANUT He MIHOBeHHO. CTelleHb ociabiieHus
JICTOYHMKA 3aBMCUT OT TOJILLIMHEI aTMoc(ephl Ha JIyue
3peHns.

(a) Mycts cxnoHeHMe HaOMOmaeMoro ucrouHuka 0°.
«3aTMeHMe» MCTOUHNUKA HACTyIlaeT, KOTJa YpOBEHb
curHasa nagaet g0 50 % oT McXogHOro. 3TO IMPOMCXOINT,
KOT[a JIy4 3peHNs IIPOXOOUT Ha BBICOTEe 1 HaN IOBepX-
HocThio 3emiu. Hasimure BbIpaskeHume mnsg 6y — yria
Me)XOy HallpaBJIeHJeM Ha MCTOUYHYK U Ha I[eHTp 3eMJIH,

M3MEPEHHOTO CO CIIYyTHIMKA B 3TOT MOMEHT BPEMEHII.

(b) Bymem HasbIBaTh «IIPOMOJLKUTEIHHOCTHIO HACTYII-
JeHUs 3aTMEeHUS» IPOMEXYTOK BpeMeHU Al Mexuay
nageHneM yposHd curxaina ¢ 90 % mo 10 % ot ucxomHoro.
BricoThI nyueil 3peHMs HaI IIOBEPXHOCTBIO 3eMIIN
cocrasiaior (h+0.5Ah) niua 90% u (h—0.5Ah) g 10%,
roe Ah < R. Beipasure At uepes r, P, Ah u 0.

(c) Haitoure BoipaskeHne mis At B ciiydyae HaOMIOoeHUS
JMCTOUHMKA C IPOM3BOJIBHBIM, HE CIMUIIKOM OOJIBIINM
CKJIOHeHUeM f.

Ipumeuanme. Ecan GbI IIOCKOCTH OPOUTHI CITYyTHIKA
He COBIAfaJla C SKBATOPMAJIBHON, MOXKHO OBLIO OBI
«TIepeoIIpeieJINTh» IIOCKOCTb 9KBATOPa, TaK uTo Hox f
IIOZIpa3yMeBaJIOCh ObI KOTHOCUTEIBHOE» CKIOHEHIIE.

Since the HII region is in local thermodynamic equilibrium, one
can calculate the absorption coefficient that is proportional to
the optical depth 7, oc v~2! and it turns out that at sufficiently
high radio frequencies, the hot plasma is nearly transparent
and hence 1, < 1. The flux density of photons has power-law
spectra of the form S, o« v#. Find § for the radio frequencies.
Write the numeric value of beta.

20 6a1oB

Consider a satellite observing X-ray sources, while orbiting
the Earth in the equatorial plane with orbital radius r, and
orbital time period P. Assume that this satellite is pointed in
one fixed direction in space for a given length of time. Take
the radius of the Earth as R.

When the satellite moves ‘behind’ the Earth in its orbit, the X-
ray source is ‘occulted’ and the measured X-ray flux from
the source drops to zero. However, due to Earth’s atmosphere,
this drop is gradual. If the line of sight to the source passes
through the atmosphere, the extent of the attenuation depends
on the air-mass (i.e. length of air column) along the line of sight.

Let us assume that the satellite is pointing towards a fixed
source at 0° declination. We consider that the source is occulted
when 50% of the light coming from the source gets attenuated
due to the atmosphere. Let us say that this happens when
the minimum height of the line of sight from the surface of
the Earth is h. If 6y is the angle between the direction of
the source and the direction of the Earth, as measured from
the spacecraft, find an expression for 0.

The time duration At between the source getting attenuated
from 90% of the pre-occultation flux to 10% is defined as
the ‘occultation time’ for the source. Assume the flux attenuates
to 90 % when the minimum height of the line of sight (k+0.5A h)
and similarly the flux attenuates to 10% at (h — 0.5Ah), where
Ah <« R. Find the expression for At in terms of r, P, Ah and 6.

If the satellite was pointing towards a source at an arbitrary
declination f instead (where B is not too large), what will be
the expression for At?

Note: If the satellite was not in the equatorial plane, then
the problem could have been simply rephrased by assuming
the satellite’s orbital plane to be the equatorial plane. In that
case, 3 becomes ‘relative declination’.
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7. PaJII/IaHT ME€TEOPHOTO IIOTOKA

3Be3mouér u3 Il3am ¢ ocrposa TaitBaus (23.5° c. i,
120.4° B.m., GMT+8) B 21:00 TallBaHBCKOTO BpEMEHN
25.09.2020 GymeT MMeTh YIOBOJIbCTBIE HabGIOMATH ABA
MmeTteopa. IlyTe mepBoro Mereopa Hauajicd Ha BBICOTE
15° Hax TOUKOV ceBepa U 3aBEPILIMJICS HA TOPU30HTE
B TOUKe BOCTOKa. BTOpoil MeTeop IpOHECCA OT TOUKU
¢ BepIcOoTON 23.5° 1 a3umyTom 210° K TOUKE C BBICOTOI
75° u asumyToM 255°.

(a) Ompenenure mectHoe 3Bé3qHOe Bpems (LST), coor-
BETCTBYIOIIle€ MOMEHTY HAOIIOMEeHs.

(b) Haiigure ropumsoHTanbHble KOOPAMHATHI (BBICOTY
U a3UMyT) pajilaHTa ITUX JBYyX METEOPOB.

(c) Haitmgure sxBaTopuaIbHble KOOPAMHATHI pafMaHTa.

(d) Kakoe n3 mepeumciieHHbIX CO3Be3AMII OiVDKaliiIee
K pafguaHTy?

« IOxns11 Kpect

+ 3onoras Pri6a
IlaBnuH
Tykan
I0xubIT TpeyroapHMK

Baumanmne:
« A3UMYyTBI OTCUMTHIBAIOTCSI OT TOUKM ceBepa (0°)
K BOCTOKY.
+ 3Bé3nHoe BpeMs rpuHBIUcKoro Mmepuamnasa (GST)
B 00:00 UT 01.01.2020 — 6 40™ 30°.

8. boapmoe KpacHoe IIaTHo Ha IOnurtepe

B aToit 3amave mcciemyeTcs KapTa IIONS CKOPOCTelt
Bosbioro Kpacuoro Ilstaa (BKII) mHa IOnurepe u ero
OKPEeCTHOCTeI nocinemHMit  aucT. Crpenkn
OPMEHTMPOBAHBI ¥ MacIITAOMPOBaHBI B COOTBETCTBIUI
C HanpaBJIeHNSMM M BeJIMUYMHAMM CKOPOCTeil BeTpa
B Pa3sHBIX TOYKaX.

CM.

N3-3a oceBoro BpameHus lOmnmrep cierxka CIIIOCHYT.
YpaBHeHUe SJUIMIICOMIA BpAIleHMs], IPUOIVHKAIOIIETO
¢opmy IOnurepa, nmeer Bug

?+y?
R
rme R, = 7.15x 10" m — S5KBAaTOPMAJIbHBIN paguNyc,
R, = 6.69 x 10’ m — monapHbt pammyc. I'aBHBIE

pamyMychl KpUBU3HEI B JTI000I TOUKEe MOYKHO BBIUMCIIUITE
no cnexyromum Gopmynam (€ = Re/Rp):

r(¢) = Re (1+& *tan® ¢

R(¢p) = Reez(

30 6aIOB

A stargazer in Chiayi, Chinese Taipei (23.5° N, 120.4° E,
GMT+8) saw two meteors streaking through the sky at
21:00 (Chinese Taipei time) on 25™ September 2020. One of
the meteors originated directly above the northern horizon
at 15° altitude and streaked to meet the horizon exactly due
east. The second meteor originated at an altitude of 23.5°
and an azimuth of 210° and ended at an altitude of 75° and
an azimuth of 255°.

What is the Local Sidereal Time (LST) at the time of
observation?

Find the alt-az coordinates of the apparent radiant of the two
meteors.

Find the equatorial coordinates of the apparent radiant.

Which of the following constellations is closest to the radiant?

o Crux

Dorado

Pavo

Tucana

Triangulum Australes

Notes:
o Azimuths are measured from the North (0°) towards
the East.
« The Greenwich Sidereal Time (GST) at 00:00 UT on
1%t January 2020 is 6" 40™30°.

30 6aJLIOB

In the following problem, the fluid mechanics of Jupiter’s Great
Red Spot (GRS) is studied based on the velocity field data.
The diagram on the last page shows a map of relative velocity
for GRS and the surrounding region. The arrows are oriented
and scaled as per the directions and magnitudes of winds at
different points.

Due to the combined effects of gravity and rotation, Jupiter
is slightly flattened at its poles. The equation of a spheroid
approximating for the shape of Jupiter can be stated as:

ZZ

n2
Ry,

=1,

where R, = 7.15 x 107 m is the equatorial radius of Jupiter, and
R, = 6.69 x 10” m the polar radius. The radii of curvature of
this spheroid in any direction can be calculated by the following
equations (€ = R./R)):

)—1/2,

r(¢$)
R.cos¢

).
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3nmech r(¢p) — 30HAIBHBIN paguyc KpMUBMUSHBI (pammyc
KpuBM3HBI mapajuienn), R(p) — MepuAMOHATHHBIN
pammyc KpUMBM3HBI (pafiMyC KpPUBMSHBI MepHUAMAHA),
BBIpKeHBI KakK QyHKIuy mmpoTs! ¢. CuaepumdecKuii
nepuon obparenns IOnnrepa P = 3.57 x 10% s.

(a) BerumcianTe 30HATBHBIN T M MEPUAMOHATBHBIN R
pannyc kpususHsl B ieHTpe BKII (B KnomeTpax).

(b) Onennre sxcuentpucurer BKIL

(c) 3aBUXpPEHHOCTHIO HA3BIBAIOT MEPY JIOKATIHHO 3a-
KPY4YeHHOCT), TO OMIIb POTOp IIOJS CKOPOCTEN JKI[I-
kocty. CpemHIO 3aBUXPEHHOCTh MOXKHO OLIEHUTH
o dpopmyite

&=

rae Vi, — MakcuMalbHag CKOPOCTb BeTpa, Lgrs 1 AGRs —
nepumetp u miromians BKIL Ouennre cpenHIO0 3aBUX-
pérnocts BKIIL. OtBeT npmBenute B enmuunax CU.

IToackaska. IlepuMeTp sjunIIca HEIIJIOXO OLIEHNBAETCH
Kak cpenHee apupMeTuyecKoe IIIMH OIMCAHHO 1 BIIN-
CaHHOI OKPY>KHOCTEIL.

(d) Haiioqure aGcomoTHYI 3aBUXPEHHOCTD ¢4=¢+ f,
I00aBUB KOPMOIICOB UJIEH

[4]

(5]
[6]

(2]

where r(¢) and R(¢p) are the zonal (aka in the zone of
a particular latitude) and meridional (aka longitudinal) radii of
curvature, respectively, as a function of planetographic latitude
¢. The sidereal rotation period of Jupiter is P = 3.57 x 10% .

Calculate the zonal and meridional radii values (7 and R
respectively) at the location of the centre of the GRS. Write
numeric answer in km.

Estimate the eccentricity of the GRS.

‘Vorticity’ at any point is a measure of local spinning of the fluid
as measured by an observer situated in the reference frame
of the fluid. Mathematically, it is calculated as ‘curl’ (vector
derivative product) of the velocity field. In this case, the average
relative vorticity may be estimated by the equation:

_ ViyLars
AGRs

’

where V,, is the maximum value of winds as per the velocity
field, Lgrs is the length of the circumference of the GRS and
Agrs is the area of the GRS. Estimate average relative vorticity
of the GRS. Give the answer in SI units.

Hint: The circumference of an ellipse is well approximated by
an average of circumferences of the corresponding auxiliary
and minor circles.

Find the absolute vorticity ¢, = { + f by adding the Coriolis
parameter

f=2Qsing,

rae ) — yIiIoBas CKOpOCTh oceBoro BpamieHus IOnurepa,
¢ — mmpora. OrBeT npusenure B equaMIax CU.

(e) Eciu 3Hax abGCoONIOTHON 3aBUXPEHHOCTY COBIIAHAET
CO 3HAKOM IIMPOTHI, MBI HA3BIBAEM BUXPH IMKJIOHOM;
B IPOTUBHOM ciyuae — aHTuiukioHoMm. BKII — 3ro
uuKIiIoH (cyclone) miuu anTuumkioH (anticyclone)?

(f) Boo6pasure, uro BKII «cwvexamo» Ha mmpory ¢,
M3MEHUB CBOI TUI (U3 IUKIOHA CTATIO AaHTUIIMKIOHOM
unu Haobopor). Ilpemmoryaras, uro Ipomsollefliiee
CMeIlleHNe — MMWHMMAaJIBHOE V3 BO3MOKHBIX, OIIpeje-
JINTe HOBYIO IINMPOTY ¢p; B rpapycax, OTBET OKPYIJIUTE
1o Oomypkaniero nejgoro. Cuuraiite, 4To Ha HOBOM MECTE
BKII coxpaHmuio pasMep IO IIMPOTE, CKOPOCTU BETPOB
U 9KCLEHTPUCUTET.

[1]

where Q is the angular velocity of the Jupiter (due to axial
rotation) and ¢ is the appropriate latitude. Give the answer in
ST units.

If the absolute vorticity has the same sign as the latitude, we
call the storm a ‘cyclonic storm’. If they have opposite signs,
the system is ‘anticyclonic’. Is the GRS cyclonic or anticyclonic?

Imagine that the GRS moves to another latitude ¢, where
the absolute vorticity changes the sign (changes from anti-
cyclonic to cyclonic or vice versa). Assuming minimum possible
displacement of the GRS, at what value of ¢»; do we expect this
change? Give the answer in degrees, rounded to nearest integer.
In your analysis, assume that the GRS at the new location
would occupy the same angular span in latitude, as well as
have the same wind velocities and eccentricity as the original.
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Puc. 3: Kapta nmons ckopocreri BKII u ero okpecTHOCTe
T'opusoHTaNIbHAS OCh — 3allafHasd JOJIroTa (B Ipajycax), BepTUKaIbHAs OCh — IIMPOTa (B Ipagycax)



