Assighment 1

Feb 3, 2015

Exercise 1: | know it when | see it:

It is difficult to give a definition of a star that covers all possibilities. Discuss this
point with your colleagues — over a cappuccino — keeping the following objects in
mind: Jupiter, protostar, brown dwarf, white dwarf, neutron star, death star.

Exercise 2: Sketch the HR diagram. Define the following stellar objects and, if
possible, locate them on the HR diagram.

a) Dwarfs

b) Sub-giants

c) Giants

d) Asymptotic Giant Branch stars

e) Horizontal Branch & red clump stars

f) Blue stragglers

g) Carbon stars & S-stars

h) White dwarfs

1) Planetary nebulae

j) Brown dwarfs

k) Cataclysmic variables

1) Symbiotic stars

m) Supernova type la

n) Nova

0) Luminous Blue variables

p) Supergiants

q) Hypergiants

r) Wolf-Rayet stars (WN, WC)

s) B[e] stars

t) Supernovae

u) Neutron stars

v) Stellar black holes

Exercise 3:
The lecture notes show a few examples of Hertzsprung-Russell diagrams. Discuss
their similarities and differences.

Exercise 4: Estimate the stellar central pressure and temperature
Use the equation for hydrostatic equilibrium. Replace the left-hand side by AP/R and
then use the average density to derive an expression for the central pressure.

a) Estimate the central pressure for the Sun and compare to the actual value
(Pe~10"" dyne/cm?).



b) Use the ideal gas law and estimate the central temperature and compare to the
actual value (T~1.4 107 K).

c) Why is the estimate for the central temperature so much better than for the
central pressure ?

Exercise 5: Improved estimates of the stellar central pressure and density
As discussed in the lecture, estimates for the central conditions depend on the adopted

density distribution. Assume a density law given by
2
p=p.(1-("/g)")

a) Derive an expression for the mean density

b) Derive an expression for the central pressure

c) Estimate the central temperature using the ideal gas law

d) Calculate the central pressure and temperature for the Sun and for an OS5 star

(60Msun, 13.4Rsun)
e) Compare these values with those in the attached table and comment on the

results

TABLE 2.2. ZAMS models (econtinued)

Neo M/ Mg Tc.e P log Fe Yc Qenv
1 60 328 193 1622 0713 0
2 10 3759 249 1620 0.64 0
3 30 3628 305 1029 o056 0
4 20 3427 421 1637 046 0
5 15 3275 548 1644 040 0
6 10 3048 833 1657 033 0
7 7 2841 126 1671 0327 0
8 5 2643 190 1684 023 0
9 3 2347 358 1706 0.8 0

10 2 2100 470 17.21 013 neg.

1 1.7% 2022 665 17.25 011 neg.
12 1.50 1905 7867 17.28 007 neg.
13 1.30 1766 841 1728 0.03 neg.

14 1.20 1667 857 17.26 0.01 10~7

15 1.10 1557 ®49 17.22 0D Sx10-8

16 1.00 1442 822 17.17 0 0.0035

17 0.90 1320 785 17.11 0 0.020

18 0.75 1074 K15 - 0

19 0.60 931  79.1 = 0 -

20 0.50 9.4 100 17.10 0 -

21 0,40 515 104 17.04 0 -

2 0.30 799 10T  17.05 . 1

2 0.20 655 180 17.24 . 1

24 0.10 451 545 1708 . 1

25 0.08 330 TS5  17.83 . 1




