1. Calculate how faint stars (in visual magnitudes) that one should be able to see through the European Extremely Large Telescope (E-ELT) with a planned main mirror diameter (aperture) of 42 m and a completion date in 2018. Argue why this, in a sense, is an upper limint, and why it may still be possible to reach even fainter stars. 

2. Estimate how many atoms, how many stars and how many galaxies there are in the visible universe, i.e. within ”the cosmic horizon”!

3. For the large Coma cluster of galaxies the mean radial velocity is 7000 km/s, while the spread (dispersion) in velocity among the galaxies is about 1000 km/s in the direction towards the centre of the cluster. The radius of the cluster on the sky is about 2 degrees. The total mass of the stars may be estimated from the total light emitted to 2x1014 Solar masses. Estimate the total mass of the cluster and its fraction of dark matter.

4. In the theory for black holes the Schwarzschild radius Rs=2GM/c2, where G is Newton’s gravitational constant, M is the mass of the object and c the speed of light, is a concept that plays an  important role. Show, using Newtonian mechanics, that Rs is the radius from which particles moving at the speed of light may barely be able to leave the object. 

5. According to the present standard cosmology model the Universe first expanded exponentially so that the scale factor measuring distanstances, a(t) where t is time, increased by about 50 orders of magnitude during the first 10-34 seconds. After that, during the ensuing photon era, a(t) ~ t1/2 and then, after recombination about 300 000 years from the start when the pressure-free matter era (”dusty universe”) begins, a(t) ~ t2/3 until about 5 Gyears ago when the cosmic acceleration (dark energy) sets in, the Universe has during these last 5 billenia increased a(t) by about a factor of 2. Estimate the size of the presently visible volume of the Universe as a function of time. How extended was this region at recombination, when inflation stopped, and at the Planck time (5 10--44 s from the beginning)? 

6. The double pulsar J0737-3039A and B was discovered 2003 at the Australian Parkes telescope . The two pulsars in the binary are at a distance of 800 000 km from each other and the orbital period is 2.4 hours. This period decreases by about 1.5 10-11 seconds per day. Estimate the energy flux of gravitational waves emitted from the object. The two neutron stars will finally collide after about 85 x106 years. There individual masses are about 1.3 solar masses. Estimate the total gravitational wave energy that has been emitted by then! 

7. What flux (in W/Å,cm2) would you expect to observe from a newly formed galaxy with z =Dl/l=12 and with the mass of stars of 1010 solar masses. Could you see such an object with the E-ELT with 42 meter mirror? At which wavelength would you look?

8. The primordial He abundace (by weight fraction) is thought to be 0.247 while the solar He atmospheric abundance is about 0.26. Estimate  from this the age of the Galaxy. (Base the estimate on the total brightness of a galaxy. Where does that light come from?)

9. In 2002 a German group reported on a red giant star (S2) in the Galactic Centre that orbits the central black hole in 15.2 years. Its half major axis in the orbit is found to be about 0.12”. Estimate of the mass of the black hole! 

10. From the mass of the central black hole, try to estimate the mass of the Galactic Bulge, the central spheroid or bar of stars in the Galaxy. The diameter of it is about 2 kpc. Try to compare the mass estimate with other estimates based on star counts or the estimated luminosity of the Bulge. What are the assumptions behind these various estimates?
11. The Andromeda galaxy and the Milky Way galaxy are probably on colliding 

course. Çox and Loeb from Harvard University have recently estimated that

the collision will take place in about 5 billion years (5x10**9 years) 

and that the remaining object, the so called "Mikomeda" system, will be a 

diffuse and widespread system with a rather compact core. About 10% of the stars in this system will reside at a distance of more than 40 kpc from its centre

(and close to being practically un-bound), according to numerical N-body simulations. 

   From this result, try to estimate the fraction of stars spread out in the the Virgo

galaxy cluster in between the galaxies as a result of similar close 

encounters. This cluster contains approximately 2000 galaxies, has a distance of 18 Mpc,  and a radius of about 2.2 Mpc. 

12. Assuming the most spread-out stars in the Virgo Cluster are of solar-type, 

estimate whether they may (collectively or individually) be detected with

the VLT and E-ELT. How would one in practice verify their stellar  nature?

13. The Sun, like all stars of solar type, will in due time become a so-called Asymptotic-Giant-Branch (AGB) star, in the HR diagram. These stars ”burn” their helium to carbon by the so-called triple-alpha process, first in their cores and then in shells around the cores. Their brightness is typically at least 100 times the solar. They are also pulsating, and have a mass loss from the surfaces of typically 10-7 solar masses per year. Estimate the life tipe of the AGB stars! 14. What ends their life? Estimate how many such stars that exist in the Milky Way. What fraction of the total light of our Galaxy do they contribute? How much carbon have they produced to the Solar system and to us?

15. The number of planetary nebulae (PNe) in the Milky Way is about 10 000. These are gas shells, expelled from earlier AGB stars. In such a nebula the gas expands with about 10 km/s. When the gas has expanded far enough from the dying star, it fades off since the excitation from the star is reduced. The PNe have typical diameters of 1 light year, and typical gas densities of 109 atoms per m3. How many PNe are formed per year in the Milky Way? Is it reasonable to assume that most stars become PNe? If every planetary nebula contains typically 1 permille of C and O atoms, respectively, relative to hydrogen, is it then reasonable to assume that earlier nebulae have contributed all C and O we have in the Solar system?

