Short theoretical questions — solutions
Each question max 10 points

Question 1

Perihelium distance is< aphelium distance.

Thus, semimajor axis of the comet ordoit 17500 AU.

Application of the Il Kepler's Law to get the cotarbital period
Actual calculationsT = &%= 2.32- 10° (T in years)

The sought solution is equal to one halffof.e. approx. 1.6:10° years

Question 2
VC = \/(ZGM30| n/R),
solve forn. (~ 100 000).

Question 3
Sum of kinetic and potential energy of VoyageiEis -G m M, /1 + mv/ 2
Where m— mass of Voyager,= 116406 AU,v = 17062 km/s.

Substituting numerical values into energy equation,
we get E > 0, therefore the orbit is hyperbolic

Brightness of the Sun is(r) =m_ + 5 log()
=-165.
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Question 4

The orbit of Phobos and the rotation of the plametin the same direction, so the angular veladity
the moon relative to Marspy, is equal to the difference

wpm = O — Wp 2

wherewy and wp are the angular rotation velocity of Mars andahgular orbital velocity of Phobos
respectively.
For wy we havewy = 2n/ Ty where Ty is the period 1

The time above the horizom,is found from the relation (see drawing):
t=2a /(Dp/M 2

wherea = Ry/Rs . 1

Find the angular velocity of Phobass assuming gravity is equal to the centripetal force:
wp = Sqrt(GMM / R’i/zp) 2

Substituting:

oy =7.0882-10°s,

wp=22784-10*s ",

wpm=—-15696-10*s?

where “~" means that the moon “leads” the rotatbthe planet; substitute the absolute value into
the equation,

thus
o = 68°794 = 12007 rad.
andt =15300 s = 4 15m. 2



Question 5
Angular resolution: sii) = 1.22x /D 2
DragidM] =( A radio Doptic)/ A opiic = (1cm- 10cm)/550nm = (0.01 m - 0.1 m) / 0.00GB0M= 1820 m
equation of angular resolution as a function ahd D 2
prOportion 0f7\, radiJDradici: xoptic/Doptic 2
proper calculation 2
and result assumirigyc in proper range: (500 — 600 nm) 2
(400 — 900 nm)
out of range

Question 6

Calculation of the moment of inertia of Earth 2

The moment of inertia i$ = é m RE2

Equation of motion for this case K=ITIl¢g 2
wheree is angular acceleration akdis moment of force.
Calculation of angular acceleration 1

Acceleration is equal te=K/l. From the assumption, the acceleratios constant and we find its
numerical value equal to 6:30s?.

Calculation of the change efduring assumed period of time 1
Multiplying this value by 1.9-16s [600 My] we obtaif\w=1.14-1F s*.

Calculation of the angular frequency in the past 2

Using the definition of the angular frequency oaa calculate its recent value

2186164 § = 7.29-10 s*. Subtracting from it calculated aboe one getsv,.s=6.15-10 s*
Calculation of the day length in the past and nunolbelays in the ancient year 2
Having angular frequency one can get ancient peridearth rotation . Dividing sidereal year length
by the obtained period one gets number of daylsdarahcient year equal to about 420 days.

Question 7

Limiting ourself to the orbits with peri and apogein the explosion point, the angeshould be
equal to 90° or 270°, while the anglshould be:

1). a0< 0°;90°) orall(270°; 360° >,

2). o =90° ora = 270°,

3). ad (190°; 120°) orall( 240° ; 270°),

4). o= 120° or = 240°,

5). aJ( 120° ; 180°) oraJ( 180° ; 240°),

respectively.

Taking into account other kind of orbits (withowrpand apogeum) one has to make the gbdiee
(unfixed).

The assessment is that 2 point for each element



Question 8

Gravitational force can be expressed in the foi= ;1 n®® p G E!:I—Z 2

The force of radiation readg,=r[r? [Ty/c 2
wherer,p,R,G,M,G area radius and density of dust, distance form the §ravitational constant,
Solar mass and Solar constant respectively.

Comparing these forces one obtéftigsF, 2
|R2
and finally one gets the dust grain radius §CO7 2
4clpIlGIM
Substituting numerical values one obtairs5-10" m 2
Question 9
Finding that surface brightness is independenisthdce 2
Relationship betweem and the Sun surface brightness:
m -pu,=-25log (@®/4) /1 sq. arcsec) 2
Calculations of, = -10.79 1
Galaxy vs. Sun surface brightness (in magnitudes)
n—u,=180+ 1079 = 2879 1
Relationship between the sought sky fraction cavésestarsy,
and the surface brightness rafio: x4, = -2.5 logx 3

Calculationsc = 10%***®) = 31 - 10% 1



Question 10

Formulation of a penetration conditions 2

From the conditions specified in the exercise teatparticle should be pass in the belt of magnetic
field around quarter of the circle. If this partidkaves the belt the particle path should bela lit
longer. It means that the radius of this circleldtidoe larger then the belt thickness.

Determination of the forces (centrifugal and magetcting upon the particle, writing of the
appropriate formulae 4

Comparison of the forces and calculations 3
Comparing centrifugal and magnetic force one obtain

elWB=MDL*/r

So elr[B = p, wherep denotes the momentum. From the assumed approrimakti [B=E/c
Thus definitively particle energy is described By=clelr [B.

Substituting numerical values one obtair@B.0® J it means A0 GeV

Answer and conclusion: 1

Question 11
Within assumed cosmological model the followingtign is valid:

2
t
1l+2-= F\!?% = (t(o)] , Wwhere R and R(z) denote the current value of the scal®rfamnd that
z z

for the redshift equal to z respectively, whjand t(z) stands for the time that passed fronBibe
Bang. 5
For z=6.03 the appropriate tirt(@) = 7.35 10 years. Subtracting frotiz) the interval equal to 560
My and 600 My one obtairts = 1.75-10°y andt, = 1.35:10°y 3
what is equivalent tg = 17.3 andz, = 208. 2

Question 12

At Northern Hemisphere declination of the non-fissitarsd < ¢ — 90°, where¢ stands for latitude.
So in Krakows < —39.9°. 2

Within assumed precession model declination okthecan differ from ecliptic latitudg&not more
thane = £23.5°. So the ecliptic latitugeof the stars at the study should be determined. 2
Solvingspherical triangle

SinB = cog sinNd — Sine Cosd/Sinn 3
Substituting by numerical values for the stardatstudy one obtains:

Siriusp=—39°7

Canopug=-75°9 1
Due to the precession, declination of Sirius cathe63.2° so it will become non rising star.

As far as Canopus is concern its declination nexeeed -52.4°, so it will never be visible. 2

Question 13

From the attached table it can be read that north&iactic pole has the following coordinates:
ag=12"51"; 96 = +27°08.

It means that at the sidereal tihe 0" 51™ this pole is in lower culmination at the northeide and

below the horizon. 2

The angle between galactic equatorial plane antddheon is equal to

90°— ¢ + 90° —p = 103°18 and this angle is an analoguesafi theequation of the ecliptic

Analogue of R.A. in thequation of the ecliptic is 90%-becausd\ is clockwise while R.A. is

counterclockwise and at the intersection of thezoorplane and galactic equatorial azimuth is equal

to 90°. 2



So we getg(h) = sin(90°— A) tg(180°— ¢ —5¢). So,

h=arc tg CosAtg(—p—5¢)) = arc tg (— cos tg76°42). 4
Checking:

A=0, =_-76°42,

A=90, h=Q°, 2
Question 14
Solar constant (from table) is 1366 Wm
Each reaction gives 26.8 MeV = 2618.602[10" J = 4.30110* J 4
Thus there must be 1366 / 4180™ = 3.2[110" reactions per second to produce this energy flux

4

Each reaction produces 2 neutrinos, so there neu§t42110" neutrinos rif s™. 2
Question 15
Correct choice of the wavelength: 2

If the nature of the spectrum does not changs,stifficient to perform the calculation for one
wavelength. The simplest choice is for the waveleiod the maximum (Wien’s law)

A=b/T

Understanding definition of redshift 2
From this

z=(Aa=Ae) e

wherej, is the wavelength received at the Earth &rid the emitted wavelength

thusie=44/(z+1)

Substituting into Wien'’s law, we find

T=b-(z+1) / Ja 4

Substituting the current value of the temperatuedind the result 2



