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Theoretical round. Sketches for solutions

MNute for jury and team leaders. The proposed sketches are not full; the team leaders have to give mone detailed
explanutions for students. Bot the correct solutions m the students" papers {enough for & pls) may be shorter.

Star rise in Moletai.

L.1. The time elapsed from the rising of the star to culmination is equal to the time elapsed from
culmimation to set. Therafore, on September B, this star rose at (02:54 — 02:51 = (k03. The next time the star
will rise after a sidereal day, equal to 23:56, that is, at 23:5% but stll on September 8. On September @ the
atar will rise after one more sidereal day, that is at 23:35.

1.2, Very roughly one can say that the star is above the horizon ' davs, and under the horizon — % days.
The atar culminates at south. Accordingly, it is above the horizon: W of rotation before the culmination and
Y of rotation after, that is, it rises approximately at sonth-east and sets approximately at south-west. At the
picture that should be drawn by the participants, it can be seen even better. Answer: 5E. (0B in Rossian).

. RadisAstron. The resolution of the instrament is determined by the working wavelength &, and the base

D. For telescopes the base is just the diameter of the front lens or mirrors, and for interferometers it is the
distance between its elements, or rather, the projection of this distance on the plane perpendicular to the
direction to the object under research.

G=0/D.

Thus, the maximum resolution is achieved in the case of the minirmam wavelength and the maximum base.
Smin = homin / D

1.1. In our case it is achieved at the wavelength 4, = 1.2 ¢ and the base of the Earth-"Spekur-R", in

which "Speltr-R" iz at apogee, and the ground-based telescope is at the opposite side of the globe; and

while the observations are held in the directions perpendicular to the base of Earth-—"Spektr-R", that is

perpendicnlar to the major axis of the orbit:

Do = A+ R,
where A is the distance at apogee, and R is radius of the Earth. The apogee distance can be found as
A = 2a — (R+h), . " .
where a is semi-major axis of the orbit, which, in trn, L r . -

follows Kepler's third law. Comparing the motion of the
satellite with the motion of the Moon we ger:

ot =T, a=a (T,

a = 384 400
km = (8.3 days / 27.32 days/™" = 173 700 km. 1

Duax = 22— (R+h)} +R=2a— T,
D = 2 % 173 700 ki — 600 km = 347 000 km.
B = 1.2 cm /347 000 km = 3.5- 10" rad,

or in angular seconds: . .
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cxfi-2.

Bruim = 3.5 107" rud * 206265 frad = 710 " = 7 puas.

1.2, In vheervations of objects located in the direction of the major axis of the orbit of "Spekir-R", the
maximum base T will be equal to the sum of the sermi-minor axis of the orbal and the radius of Earih:

Dy =h + R, i
Semni-minor axis can be found from the peometric I ] / -
properties of the ellipse: [ V4
at=b 4 @l b =[PP A __ .
b= 48 900 km.

Dimax = 48 M0 km + 6 400 kom = 55 300 km.
Fruim = hanim { Dinas = 1.2 cm / 55 300 km = 2.2-10™ radd
ar in angular seconds:

Boim = 2.2-10" rad * 206265  rad = 4.5-10%" = 45 pas.

Gliese 581 g.
2.1. Tt 1= obvious that there should be abowt the same conditions as on the Barth for the exisience of
albuminouws based life on the planet.

(Following i the solubion indexes g refer w the sysiem Gliese 581, and indexes g and g — Lo the Sun
amdl Barth).

In the "data of some stars" table one can find the mass of the star Gliese 581, which is egual o
M =031 Me, its parallax g = 0.16", and the apparent bolometie magnitude m = 8.0,

Enowing the parallax and the apparent bolomeiric magnitude of the star, one can find ils absolute
bolometric magmitude:

M=m+ 5"+ 5 lgp=8"0+5"+-3"98 = 9™0.

Tis " —4" 8= 4;}_;”&]&[“ than the absolute magnitude of the Son. Thus, the radiation from
Gliese 581 18 TnTu =1 =48 times less than that of the Sun.

Taking inte account the Stefan-Boltemann law, let us compare the emperature regimes on Darth (Te)
and om the planet Gliese 581 g (Tg).

It 15 known that the balance temperature T on the planet 15 defned by the balance of incoming and
radiated enerpy. The radiated energy depends only on the surface area and the temperature (the dependence
on the emperature is described by the Stelfan-Bollemann E -~ 'T‘, bul is not necessary to know the exact
relationship for the @sk). Tn absence of internal sources of energy (we make this assumption) the radiaied
energy is equal o the energy from the central luminary. Both the radialed and incoming energies are
proporiional o the surface area of the planet; hence the balance does not depend on the size of the planer

The incoming energy is proporional o the radiation of the central star and inversely proportional w the
distance o the siar:

Bi~TaRe’, Eg~ToRa’

Thus, for the lemperatures on Earth and Ghiese 581 g 1o be equal, it s necessary thal
Ee=E¢ or Re/Re=(lole)™
According o the generalized Kepler's thivd law
o M’ = const,  thatis T~ uy!f..'l-'[,m,
or as the orbils are cireular,
T ~RYH", e/ te= (ReRe i MalHa)'?,
Ta = TeRoRel Mal o) = Tulle/To) Mo/ M),
o =365 days = 480,31,
T = 36 days.
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f-2.2. The size of the planet could be determined by recording the radio-sources from different points of
the planet's surface (result of an activily of the cvilization). Tn order o get at least some estimate of the
size of the planet, one needs to get a "picture” of radic-sources disiribution, and the angular size of the
"picture” should exceed the angular resolution at least several tmes. It shoold be assumed that as the
planet Gliese 381 g is simmilar o Barth, s diemeter is comparable W the diameter of Barth Dy, al least in an
order of the value. The anpular size of a body with a dismeter of Earth T in system of Gliese 581 15 equal
La
w=p % Dg /Ry,

=10.16" = 12 8 thous km / 149 600 thous km = 14 0% =14 was.

Ax we see, this value is comparable with the best angolar reselution of RadioAsoon, and for the most of
pusitions of the "Spekir-R" it s even less. In onder o oblain any reasonable result an "image” have to be
taken, that is the angular size of the object have lo excesd the angular resolution at least several tmes, Tt 1s
nol possible o get a "picture”, only 2 spot will appesr as evidence of the extended radio-source. Thus only,
it 14 clear that radic-sources are nol at one point bul ot different locations. In the best case it will be able o
determing the order of the diameter of the planet (which we had known earlier).

AnSwer: «HET -1,
Note, The sige af the planet Gliese 581 g, determined by other methods, ic estimated as T 4402 of the sige of Earth. The
ratio af 1.4 does rot introduce considerable amendmenis to the solution,

afi-3. Observations from Gliese 581 g.
af-3.1. The magnitude of the Sun, visible from any remole location is

g = my + 5" log (2062651 — 5" 1gp.

where my is the apparent magnitade of the Sun visible from Earth, and g 15 the annual parallax of the
loszation.
The magmitude of the Sun as seen from the system of Gliese 581 is

mg = -26". 74 + 26" 57 — 5™ log 016 =-0™ 17 — 308 = 3™8,

{And it s not the only way of solution. The value can be found in many other ways, e.g., by formola
g =M — 5™ + 5" lgp).

@f=3.2. While vhserving from the planet Gliese 581 g, our Sun will be al a point opposite o where the
systermn of Gliese381 is seen from Earth. Becawse Gliese 581 15 located in the zodiacal comstellation of
Libra, the sun will be approximately in the opposite codiacal constellaton, that is, in the constellation of
Aries_ (That solubion is correct enough.)

Note: Using a sky-chart ore con selve the problem more accwrately. The point oppesite to the location of the system
Gliese 587 ot the Eavth's sky, has the coordinates 3% 10™27° and (17°43°20", This point iz located in the constellation
of Towrus (Tau), very close to the borders aof the constellations of Cetus (Cet) and Aries (Ari). Ag the studenis were not
pravided fy @ sly-chart, ard question was "™what is the approximote constellation”, the auower "approximately in the
congtellation, oppoesite to the congtellation af Libra, that i in the constellation af Aries" i correct.

(=33, To keep the heat balance a Gliese 581 g should receive the same amount of energy per wmil area
a4 s reveived at Barth.

(As in the previos solution g indices refer to the system of Ghese 581, and indexes g and g — to the
Sun and the Earth).

Firomm the griven lables one may find that the spectral class of the star Gliese 581 is M3V, According Lo
the Hertesprung-Russell diagram the temperature of the star, comesponding to this spectral class, 15 aboul
T =33 K. T i TeTe = 5TRIWIIO0 = 1.75 tirnes less than the temperature of the Sun.

According 1o the Siefan-Boltomann law the power emitted from the star is P= 8T, unil in just the
same way we may discourse about the apparent angular area from which the radiation i coming.

Thus, since the apparent angular area of a star is proportional to the square of ik apparent angular
diameter o, the following equations should be comrect:

mdugTe' = wdoeTe'  or  op=os(TeTa),
g =32(1.757 = 98"

JinTas, BRIREWE 2813 Vilmlos, Lithwamis



More than three times larger than the Sun!

ifi-d. X¥IT centory. Midday, Horse-powers per square verst 15 a power per unil of area, the quantily that
dirnension is similar to the solar constant. Tn physics, it is properly called the "power fux".
Let ws caleulate the solar comstant in unils, which were coming o operation in the end of the XVIIT
century.
T'method — visuwal,
The energy-release of the Sun has not changed since the end of the XV century and in units of the
horse-power i3
L=386-10" W/ (735.5 Wihp) = 5.25- 10" horse-powers.
The distance from the Sun w Earth has not changed sinee the end of the 3V century as well, and in
VETHLS 1%
a=1 AT =1.496 10" m/ (3-500-0.7112 mivest) = 1.402-10% vrar.
Thus, the: solar constant in units of the end of the XVIT century is
Agrg =L/ dma’ = 5.25-10% hp / 41,402 10 veat)? = 2.12-10F hp / vt
M method — formal.
Asrx = Ao % Kogwn /K = 1367 Wim® 7 (7355 Wihp) = (1066.78 mivrst)® = 2.12-10%hp / vest®.

4.1. The oulskins of Dubingiai in the XV century were located on the same laftude as where they are
located in the XXT century, that is, at about lattudes 54.7° - 5527 (latiiudes of Vilodus and Wolewa

respectively, may be found from the map). The value of 23.5%, the inchination of the equatorial plane of the
ecliptic, also almost has not changed (sirictly speaking, il had declined by about one are minule). Thos, at
the middays of the winter solstice in the XV century in the outskirts of the own Dubingiai the sun was
al an altitude aboul
by = Q0% — 5507 — 23,57 = 115",
al the middays of spring and autumn — at an altitude aboat
ha=90° - 3507 =35.0°,
at the middays of the summer solstice — al an altiude about
hg =907 — 55.0° 4 23,57 = 58.5°.
Whle the altitwde of the Sun iz b, the power Mux to the wmt of the terrilory is
W=Awsnh.
Thus, the targed values are:
in winter — Wiy = A-sin hy = 420 000 hpfrst’,
in spring and autwmm — Wy = A-gin hy =1 220 00 hph-rﬂl.i,
in summer — Wg = A-sin hg = 1 810 000 hpivrsl’.
4.2, And what 15 the capacily of the solar energy moident al those bmes on a local horse? This value
largely depends om the orentation of the horse relative o the Sun than the altiiude of the sun above the
horizon. Lel us assume that the cross-sectonal area of a horse perpendicular o the sun-rays is 1-3 arsh?
(depending on the mentioned above orientation of the horse) and recaleolate the value of the solar constant

into horse-powers per square arshin.
Dristance from the Sun

a=1AU=1.496 10" m /07112 mbmsh = 2.103 10™ arsh.
The solur constant in these unils equals Lo
A =174’ =52510% hp / 4m(2. 103 10" arsh)® = 0.94 hp / arsh’.

Thus, a horse standing in the sun, receives about one (o three horse-powers of solar radiation! Tust this
can be a surprise.
Answer: 1-3 hp.
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Nite, Tn solving the proflem we emphasize very aften that many of the physical parameters are not chonged in the last
i cenfuries: the solar congltani, the digtance from Earth to the Sun, the latitude of location, inclination of the ecliptic
to the eguaterial plone. Students who alge record this constancy showld be encouraged to add poinis.

ifi-5. XXT century. Midday.

5.1, Today {on Septernber 8) the summer time is in operation, so the watches of citizens of Lithuenia
ahesd the umiversal ime by 3 hours. Local mean solar Ume coincide with this dme on the meridian 45° of
East longritwde, located oo far to the east (at the latlude of Lithuania it i in the Nizhny Novgorod region
of Russia).

The adding of the equation of bme (see Agure) 15 10 the range of - 16 — 414 minubes, ad this elfect may
replace the meridian not more them 4° in longitude. But even with this addiGon such areas are far beyond
the borders of Lithuania,

Answer: «HET-n.

5.2. To mmswer the second guestion of the problem you nesd o consider two periods: summer and
winter ime. For any of the day during summer dme operation the situation is similar e that we discussed
in sub-point 1.

The territory of Lithuana is approximately (we can measure 10 with an accuracy of o guarter depree)
between 21°00° and 26°45" of East longilude. At the period when the winter time s in operation, the
situation is gueerer. Local mean solar time correspond te the meridian 30° Bast. Thus, in the winter time
period mean local solar noon also does not occur belore 12:00 of Lithuanan tme anywhere in Lithuania,

Huwever, there is a question about the upper culmination of the sun in the problem conditdon, as a rule
it does not coincide with the mean solar culmination at 12:00 of mean solar Gme. The difference belween
the apparent (or true) solar time (T4} and mean solar tme (T is defined by the equation of Gme,

Tu=Ti+1n,
where 1) 15 parameter of the equation of dme, which is hereinalier referred o as simply "equation of dme",

as 1115 accepled by asbronomers,

The mendian 30° East passes very close o the eastern border of Lithuania (about this meridian
SLPetemburg, Nevel, Vilebak, Orsha, Mogiley and Fiev are located), so one should pay attention o the
equation of Gme. Winter Gime 15 m operation from the end of Oclober o the end of March, and wathin this
range the values of the eguation of Gme may be both positive and negative.

Positive values of the squation of ime move the apparent solar noon o later Gme (by the watches of
inhabitants), and the negative W earlier Gme. sing the graph of the equation of Gme one can determine
that the adding i3 minimal on Novernber 3 and its value in 2 minimuom is -16.4 minutes. The corresponding
meridizn (for the apparent culmination of the Sun at [2:00 Lithuanian time) is shifted by 406" West and
by ulmost a depree enters the territory of Lithuamia, G11 the longitode 3 = 25°534",

Thus, the apparent noon will cocur at 12:00 of Lithuanian tme somewhere ol the territory of the
country, il the values of the equation of dme wers below 3745 in degrees, and so the values of 7 wen:
below -15 minutes. And 1 i below -15 minutes from October 18 1o November 17 (approximately, as we
cun find from the graph).

Answer: spa-yess, Dotober 18 — Novernber 17 (part of this period when winter e 15 in operation).

Note, There is ne pniversally aceepted definition of the sign of the eguation of time. This solution iz written in
aecordance with the historically Euwropean definition of the sign of the equation of time (positive valuwes of 1 in
January-March, az it iz displayed in the supplement page ). However, in the Britich ond American (and alzo rransiated
JFrom Erglish) lierature, the definition is inverse (negative valwes of n in January-March). The members af Jury must
congider that solutions wsing both alternaiives of definition are correct fof course, the answer does not depend on the
choice of e alternative, ioning "+ " and “=" at the graph leads 1o wm e gign of 5 in the egquation (1))

ofi-f. Supernova remoant.
6.1, Aszsume that the SWR is a sphere with the linear radius B, Using a ruler we sccorately measure the
diemeter of the circle and the scale length (e.g. in mm) in Fig. SNE (see the Ggure below, the inidal Ggure
was almost 2 Gmes larger). From these measuremenis we gel the radivs of the cirele g = 48.5 mm and 100"
scale length 7= 28.5 mm. With these data we can caleoalate the angular radivs of the SNR

g=100"p/1,
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f=100" = 485/ 28.5= 170"
Ii the radius B of the SNR is measured in an, the distance d nope, and iis angular racios @ aresec, then
R=d =
R=170" = 3400 = 578000 AU = 8610 m
The mass of the SNR is confined within the sphere of the
radius R
M= ;J-m-fﬂi’!,
M= 107433, 14-(8 510" = 2. 710" kg
The expansion speed of the SNR is caleolated wsing the
expression of the kinetic energy of the SNR
Fin =M%,
v = (2 Eggn { M2 = (20,01 - By 7 M2
v= (2000 10% T/ 2710k Y2 = 8.6 -10° mis = 107 mus,
Ax wie see from the image, the darkest parts of it are distributed at distances about 60% of ity radius. So we
may propose that most mass of the SNR 15 distributed at these distances. Thus, by the above formulee we

have found the average speed of matter ot 0.6 B
Assuming that the expansion velovily was constant we gel the age of the SNR:

t=06R!v,
t=0.6 = 86 10" m /8610 mis = 610 5 = 190 yr = 200 yr.

Tuking inte account thal most data in the problem conditions was done very roughly, with maximum 1
mg:ml'uml dhigrit {and even with cero significant digits as only order of m '111lu-|lc i done: the energy was
about 10* I, 15 of which drives the expansion; the average densily is 1 kb."m J. the answer should be
expressed also with only one significant digii

S0 the answer is: ~200 vears.

6.2, Using a ruler we measure the distance of the neutron star from the center of circle in Fig. SNR. Say
that we pet 7 =3 mm. Then the angular distance & of the neutron star from the center of the SNR s

d=100" 7/ [,
Sd=100" =3/ 285~ 10.5".
The: linear distance of the neutron star from the center of the SNR iy
Sy=o*d,
Sy =10.5 = 3400 = 35700 AT = 5.3-10" km,
The velocity of the motion of the neutron star is
u=8xrt,
w=35310"%km / 6:10° 5 = 900 ks = 10 ken/s.

Also taking into wl..[:uunl that most data was done very roughly, the angwer should be expressed also as an
order of magnitude only or with only one significant digit.
The answer is: --l Ternds.
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