Ay 20: Basic Astronomy and the Galaxy
Fall Term 2010

Solution Set 5

Kuna Mooley
(based on solutions by Swarnima Manohar, TA 2009)

Reporting an answer to unnecesary number of decimal places should be avoided. CGS units are popular among professional
astronomers. S| system is considered universal, and so | will encourage you to stick to Sl if you are presently using this system
most frequently.

PROBLEM 1 (C& O Problem 10.10)

The energy generation rates for the pp chain and CNO cycle are given by Eq 10.46 and Eq 10.59:
€pp = €0, pp P X% f pp Ypp Cpp T4
€eono = elo, oo P XXCNoTég'g

where both are written as power laws centered around 1.5 x 10°K..
Using the pp chain screening factor ypp~1 and pp chain branching ratio f,y~1 and given the values of T, p, X and Xcno in the

question we get:

€pp = 1.08x 1072 p X2 f o Wipp Cpp Te /-
{p»1.527x10% X=- 0.3397, fpp, > 1, ¥pp>1, Cpp~ 1, Te» 15.696}

€pp » 0. 00116
e~ 8.24 %107 pXXowoTe”® /. {p » 1.527x10°, X - 0.3397, Xowo - 0.0141, Te » 15.696}
eano - 0. 000377

These are both in W/kg. Ratio:

€pp

= 3.06
€ecno

ecno depends much more strongly on temperature than egp. In low mass (cooler) stars H fusion is dominated by the pp chain
whereas in high mass (hotter) starsit is dominated by CNO cycle. The transition where :L@i’oz 1 occurs at a mass dlightly higher

than the solar mass.
Thus, high mass stars end up with the more heavy elements as their reaction products - this has profound effects on their
structure and subsequent evolution.

PROBLEM 2 (C& O Problem 10.21)

From secition 10.3 of C& O we know that 0.7% of the mass of hydrogen is converted to energy in forming Helium nucleaus, and
therefore,

Enucl ear x - (0.007) - M2

thuclear = =

L L
where ' x ' isthefractionof thetotal hydrogeninthestar avail abl e for fusion.
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(1) Lower end of the M5: M=0.072M, L= 10743 L, x=1

(0.1) - (0.007) - Myc? (10) - (0.072)
 Unuclear = i X = (1010 yr) x14366 = 1.4 x 10 yr
Lo 10743

(1) Upper endof the Ms: M=85M, L = 108 006 L, x=0.1

(0.1) - (0.007) - c? 85
~ Unuclear = % . = (10" yr) x8.4x10° = 8.4x 10° yr = 0.8 Myr
Lo 106- 008

PROBLEM 3 (C& O Problem 11.2)

(a) Assuming (wrongly) that al the energy released by Sun comes from the PPI chain, our reaction of interest is basically:
4, H'— ,He* + 2e" + 2ve+ 2y
0.7% of the mass of hydrogen is converted to energy in forming Helium nucleaus, and therefore,

Mass | oss per unit ti methroughfusionreactionsis,
= (Mass loss in one fusion reaction)-(No. of reactions per unit tinge)

L
(0.007 x 4 my) [—G’)
0.007 x 4 m,c?

4x10%°kg /s
1.2x10Y kg / yr
6x107*M /yr

R

R

R

(b) Mass |l oss per unit tinethroughsolar wind (fromC&OExanple1l.2 .1)is,

= 3x1071 M /yr
Thus, (Mass | ossthroughfusion) > (Mass|ossthroughw nd) for the Sunby afactor of 2
(c) As doneinC&OExanple10.3 .2,

thuclear ~ 1010 yr
Thisisthe Main-Sequencelifetineof Sun,
andthustotal masslossinthisperiodof tinme wouldbe:

(i) Duetofusion: 6x10'4M®v\lnichis<< M(3 (ii)yDuetowi nd: 3x10'4MGV\hich isalso<< Mo
PROBLEM 4 (C& O Problem 11.10)

(a) From C& O Example 11.2.2 we know that,

P=140N nt2, p=4.9x10%kg nt3

Al so, at the base of phot ospher e we shoul d have,
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_ 2 . 2 _ . g2
9=GM /r?=GM /R?=272m-s
=]
&Hp= — = 10°m= 100 km (usi ng C & OEquati on 10. 70)
fele]
(by Mxinglength = £y=2.2He = 220 km
Fromseci on 11. 2 of C&Owe knowt hat t he measur ed Doppl er vel ocity of sol ar granul ationis,
Vpb=0.4km/s

~ Timerequiredby convectivebubbletotravel onenm xinglengthis,

te =Ly/Vp=550s =9 mnutes

Tocalculatethe lifetinmeof atypical granul e, we use

He = 100 km (at t he base of Sun' s phot osphere)

C&OExanple10.4 .3 = a=1= Lyy=Ho = 100 km

C&OExanple10.4 .3 =V, =50m/s

Therefore, thelifetimeof atypical granule,

whi chistheamunt of ti me neededfor aconvectiveeddytoriseandfall thedistance of onem xing
| ength (see C&Osectionll. 2 subseciononGanulation), is = 2£Ly/Vc=4000s ~ 1hour

PROBLEM 5 (C&O Problem 12.1)

(a) Apparent visual magnitude of a star without extinction
m,» M,+5Log[10, d] -5/. {M,>-1.1, d- 700}
m; - 8. 12549

(b) Apparent visual magnitude of star if lying behind the nebula

m -» M/ +5Log[10, d] -5+Ay /. {M/»-1.1, d-> 720, Ay > 1.1}
m, > 9. 28666
(c) Distance the star appearsto be at:

my-M,+5

d-> 10" 5 pc/. (M/>-1.1, my> 9.28666}
d - 1194.9 pc
Big differencel
Percentage error:
1194.9 -720
——  x 100 = 66 %

720



