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ASTROPHYSICS II (5 hp). Course outline

The course has a somewhat untraditional structure. The objectives are

(1) to familiarize the students wtih the most recent and interesting developments in astrophysical research, as regards new technology as well as new research areas and problems

(2) to develop the abilities among the students to critically examine texts on modern research methods and results

(3) to develop the student’s abilities to orally and in written form discuss and present modern science and technology. 

The course includes altogether 9 2x45 minutes lectures. As a preparation for each lecture all students should read some popular/semipopular papers. At each  lecture 2 students will be asked to introduce and discuss two of these papers (one each).  Each presentation should take 10-15 minutes (absolutely not 

more!). For each paper and presentation also another student will be asked to oppose on the presentation (and paper) (5 minutes) and after that a general discussion of the paper will follow for about 5 minutes. After that, the remaining papers read for this lecture will be discussed (10 minutes). 

The rest of the each lecture is used for comments on and discussion of one chapter in ”Thirty Meter Telescope. Detailed Science Case: 2007” (TMT:DSC) which is available via www.tmt.org/science/index.html and as a paper copy. As an introductory read about ”The TMT Observatory”, www.tmt.org/observatory/index.html. At each lecture at least one problem will also be presented, to be solved and discussed at the subsequent lecture. 

The relevant chapters and papers should be studied as a preparatory for each lecture by all students. When reading the texts some terminology, contexts and reasoning will certainly not be understood directly. The systematic indentification of such ”un-understandables” is a main exercise in the course. The students should then try to find the answers via Internet, e.g. from Wikipedia, or from the literature.  (Also, note the list of acronyms in TMT:DSC, page 2.) If things are still unclear after such attemtps, the students should note them and bring them up via mail (or directly) to the teacher or for discussion at the subsequent lecture. 

When reading the papers the following questions should be addressed by the students:

(1) What are the main points (at least 3) that the author tries to make?

(2) How convincing is he/she? What methods are used to persuade me?

(3) Are there serious and dubious oversimplifications made? Which?

(4) What do I not understand? What could clarify this issue – i.e. what is missing in the argumentation?

(5) Are the methods – HOW do we know what the author says are facts – well described. Try to find out the basis for the reasoning.

(6) Take notes on what actions you have taken to clarify unclear issues!

Finally, towards the end of the course a 5 pages essay has to be written by each student on one of the subjects that has been taken up in the course. This essay must be handed in before the next to last lecture in the course. 

For grades 3-5: active participation is the course is required which means presentation of at least 2 papers, opposition two times, participation in the discussion, writing of an essay in time and presence at at least 8 lectures. The final high grades are given if presentations and essays are of high quality. 

Preparations for Lecture 2

Read

”Hubble’s Top 10”*, by M. Livio, Scientific American July 2006, p. 43-49

”5 essential things to do in space”* by G. Musser, Sci. Am. Oct 2007, p. 69-75

”How astronomers capture the universe in a test tube”, S. Nadis, Astronomy July 2007, p. 35-38.

”Cosmic Conundrum”, T.K. Gaisser, Physics World April 2005, 29-33

*) Papers for which presentations should be prepared.

Read and try to understand ”Thirty Meter Telescope. Detailed Science Case: 2007” (TMT:DSC), page 1-10.

Solve the following problems:

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. 

Calculate the resolution (in seconds of arc) that may be obtained with E-ELT. Compare the result with the resolution of a human eye. Try to empirically determine the latter. Give arguments why the resolution of E-ELT estimated will probably be worse in practise.  

Preparations for Lecture 3

Read

”A Cosmic Conundrum*, by L.M. Krauss and M.S.Turner, Scientific American 

Sept. 2004, p. 53-59

”The universe’s invisible hand”* by C.J. Conselice, Sci. Am. Feb 2007, p. 35-41

”Inconstant constants”*, J.D. Barrow, J.K. Webb, Sci. Am. June 2005, p. 33-39.

”Window on the Extreme Universe”*, W.B. Atwood, P.F. Michelson, S. Ritz, 

Sci Am. Dec. 2007, 54-61

”Universe reveals its dark side”, H. Aroujo, Physics World May 2005, 20-21

”Cleaning up dark matter”, G. Bignami, A. Dupays, Physics World Sept 2005, 

20-23 

”Tales from the dark side”, S. Nadis, Astronomy Sept 2006, 31-36

*) Papers for which presentations should be prepared.

Read and try to understand ”Thirty Meter Telescope. Detailed Science Case: 2007” (TMT:DSC), page 11-19.

Solve the following problems:

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.

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. 

Preparations for Lecture 4

Reading according to Course Schedule

Problems: 

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)? 

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! 

Preparations for Lecture 5

Reading according to Course Schedule

Problems: 

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?

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?)

Preparations for Lecture 6

Reading according to Course Schedule

Problems:

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! 

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?

Preparations for Lecture 7

Reading according to Course Schedule

Problems:

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. 

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?

Preparations for Lecture 8

Reading according to Course Schedule

Problems:

Solen, liksom alla stjärnor av solens typ, kommer så småningom att bli 

en s k AGB-stjärna, (en stjärna på vad som på engelska kallas Assymptotic 

Giant Branch -- assymptotiska jättegrenen -- i HR-diagrammet). Dessa stjärnor 

"bränner" helium till kol och syre genom trippel-alfa-processen, först i sin 

kärna och sen i ett skal kring kärnan. Deras ljusstyrka är typiskt minst 100 

gånger större en solens. Dessa stjärnor är också pulserande och har en 

massförlust från ytan av typiskt 10-7 solmassor per år. Uppskatta 

AGB-stjärnornas livslängd. Vad avslutar deras liv? Hur många sådana stjärnor 

uppskattar du finns i Vintergatan? Hur stor del av Vintergatans samlade ljus 

bidrar de med? Hur mycket kol har de bidragit med till till solsystemet och 

oss?

Man räknar med att det finns cirka 10 000  s k planetariska nebulosor i 

Vintergatan. De är gasskal utkastade från tidigare AGB-stjärnor. I en sådan 

nebulosa expanderar gasen med cirka 10 m/s. De har typiska

diametrar kring 1 ljusår, och typiska gastätheter kring 1000 atomer per

kubikcentimeter. Hur många planetariska nebulosor bildas i vintergatan per år?

Är det rimligt att de flesta stjärnor blir planetariska nebulosor? Om varje 

nebulusa i regel innehåller ungefär 0.1 promille av vardera C och O atomer i 

förhållande till väte, är det då rimligt att anta att tidigare nebulosor 

bidragit med allt det C och O vi har i solystemet?

