ASTRONOMY 2400. PHYSICS OF STARS

Assignment 3. Due Date: April 3, 2012.

1. Calculate the mean free path for 4 = 5000 A photons in Earth’s atmosghere if it has the
opacity of the solar photosphere, which was assumed to be xsp00 = 0.264 cm g“1 in a textbook
example. Assume that the average density of Earth’s atmosphere is 1.2 x 107 gom >

2. Suppose that the Sun was 100% carbon (coal, for instance) and that burning it can extract 3
eV per carbon nucleus. Given an inexhaustible supply of oxygen from outside for buming the
coal, how long could burning carbon maintain the Sun’s current luminosity?

3. Calculate the amount of energy released or absorbed (in MeV) in the following reactions:
(a) e+ 2C > PMgry
(b) PCc+2C —» YO0+2%He
(© "F+'H —» "O+ *He
The mass of *C is 12.000000 u by definition, and the masses of %0, °F, and **Mg are

15.994915 u, 18.99840 u, and 23.98504 u, respectively. Identify each of the reactions as being
exothermic or endothermic.

4. Complete the reaction sequences given below. For cach reaction justify the choice of
nucleons and leptons involved, according to arguments of conservation of electric charge,
number of nucleons, and number of leptons.

(@ 78i - "Al+e’ +7
(b) A+ 'H - Mg+ *?
(©) BCl+'H - PAr+?

5. (a) At what rate is the mass of the Sun decreasing as a consequence of nuclear reactions in its
core? Express the result as a rate of mass loss in solar masses per year.

(b) What is the rate of mass loss for the Sun arising from the solar wind, in units of solar
masses per year? Is the value obtained in part (a) larger or smaller than the rate of mass loss
arising from the solar wind?

(c) Assume that the rates calculated in parts (a) and (b) remain constant over the main-
sequence lifetime of ~10' years for the Sun. Calculate the total loss of mass from the Sun during
its main-sequence lifetime arising from nuclear reactions and the solar wind. What proportion of
the total mass of the Sun is expected to be lost over that time period as a result of both processes?



ASTR 24 e

1 Yl WW%W& Fov_por®elac gv M‘M s gl o -
| i d

K==L NI & L = L 5 Ror o
h 5, ki
Ja s the. %%"1;9@-@ diemsmc%,}_ﬁ? __,fiﬁ_m&g)r el mﬁ‘ﬁl’
Wy = cs-,}wctﬂ\?rmwg_gk [ '_\ﬁ-_ﬁbj i+ ﬂ_t)_ Gah 0 (s o m:;yf‘rj

2\

‘r:}r‘ dw— KL dwe Mm-ea\ Km I Zéif M/v\ /C«’:_m O d G oGm0
“d 2 v
d!.ﬂ\std\'\ L“f ?TgMTExS &MSM Of O = |, 2,)(/(‘1 %”/ .

= |

K e \/D.Zécf f-,bh?/g_m\fi, 2 Y}@"Bgm/cﬂm?)

(A

- z
= 2566 XD

c 2157 moders

.;4?’ 4 gﬁﬁﬁf’oﬁ@ Pﬁ\ﬂ(“’h sPhodd _be 4bQ #o ol 32 povhs
be e gmﬁyﬁw% uz%i’ Qi dﬁm%ﬁ&mfu ppefecnle




A

A corbon nuclevs hae 4

mass of 12.009008 [ ibace U i

o atmie muec ot

= |

, y
_GE OB¥ w /g

24

Fadh contersion o conb

?Lb.n

(0 _covbon pmanos'de_or_cartoor

' 'S U - r - 3 ;
Ay ost) a&m,\ Q‘ﬁrm{aj% utero. MNovs L dd O%(tjyg% Qgc\ffa(j? SV

CD’” v DT
) vy ¥
%/5’,(9 < 19859 X0 %.
E‘P CM’,bG}s hmcﬂ.e; m Ww\@ va\ Gl é;-e st(nud‘ed AM G
563 mas<_«f S
ass of C nncbed
= /9%57 X0 33%
2y
]Q DOGTOE v [ @605% NG/ i
. 55 7
= _9.9817 N/o

Mog\ 0’]'?,’*@“(-9\ 13 &c&m@bﬁé t’f

%«mfh\ SV Gf W&

e
[

\FP“J Wrgm ﬁ!\%ﬁé&g

e U 04
3\,:\5"7217 %[0 oY

!

- ,2 9G9ks wo

SE Ly

@uv leN = ), 602176y6 o~

g

29995 % L0

!am W& d&%@c@.

5€ 0 x| 6017696 WONE%_,

i
[

£ 7977 x0T 2 =

Cerirbrenm

IQ\L Sing ' Qbm:né’%ﬁ‘r} LS LO <

2,851 N0 ng fe

s

Clcwéé’-\

" Sebor Lilebae By bcniing,

s te
4

1. = Eo o W7977 o’ opue
Lo 285 %1633 005
. ji ~
— ] QUBY wip &

315576 %0 C S/\éﬁw

e
—

249 4R L&Z’Mﬁ

Q\}‘a SBmg MmD@aCIIQQQ "A’?A"-Q’l\ ‘TE\/,::t_ &P{’ l‘])id@”ycﬁ'j recovel 9@%&3

Hooe \eare,

Y



v padeassd e abcorked cn bo calediffed W

m_m_____!@)s.méxx@g_ 2 __m% ﬁm@aﬁzﬁ nuclol
a7 iz iz bl
a) _foe C+ < —D ?ma 4+ X
LHS Maé( = !;Z‘GGOOQO [ /2 CDeosa {4 = 2H 0ccoes 14

Ris_Mass = 23 98504 P ltore.
L —RHS Mags =

u=_93).45432 Me\s
24 © 00000 f— 23985l

F O 0196 U x  93).494372 WaV/M

= 12,935 MoV usth Mo mase oté%wm
MkﬁhVNd%%%mﬁﬁe—mmﬁi & L

i))*c‘:w Ci’?&;‘-*“a M@ ‘i’“QLrHva
LHb e, = 12, 000000 WU+ ]2 000008 (4 = U osonon (4
RMS Mase = 15,994915 4+ 2 (thoozez o) = Itk 000i2)

[.1s —RHs Nuse = 2ip.000c00 y

ok
-

— 2l o008 j2)

~0,00012] « w 92) UGu32 M\ Su

o A2 mg\/ ur{ 9‘2‘-4;.. \49-4? i< Cf;ﬁ-‘ﬁ%whu
(b ecomted dfw b0 Opsiten Lozt o Fu g o, /| @ 0 Ao HBowmic
o 7 '

_ : - —

e B "Foalm o> Yo 4 e
LB Mees = 18,9980 u + [ooZ825u = 2o 006225y
Rt Nass = 15694975 y + i oc2ecd u =9, 997518 u

LS — Rt Nige = 2o, 006225 — 99975184

= O 008707 kx93 49432 N Ju
= & 11t My If\.“;ﬁi YA Anace c{f‘lf‘?gevemw.

Clecimsted C@V B«J

QOyihen Czag mw_ﬂﬂ._w_&aﬂi%fwhﬁ,_%%eﬁﬂwmﬂ&_




H, o nudem veadions Pere imnat bo tosermafin. of () numbeor /ntclogns .
an mml;%qgﬂ_aamms any. Qﬂaéiw»nc_/mc,ﬂgar cﬁmgg_rm@diwL’éb Dicle sple...

Gt) o S Fot ¢
., z p
21 Lac, i"fma—d&hb 12 noubrens , A? hes (3
Nudeons 7, = ]L{« #IZ 27, Nudeooe owt :21'3 + 7
g 5 ‘ -
2= 7713 = g )sfd. Al s 2]
LQ/P*&‘T\J' =T SN Lgfxc)m ot = |+ <
S, = 0 -1 = ] 5 %0 YR m,;ss,mq &m& IS i o«dnﬁofﬁw

%%w = +l"-:‘ Cﬁ\W eut = +13 +i i
!T:Q&m Mass N i»\mmChf-—Q«Q PN an“f?ﬁ@tﬁ\hr\ hag in® CQ«KW@Z

Spbn ke = (k2D 4 3044 Gk

Sm.\ ot = 13CER) 4y (58) (324 7 =o7(t)i bt 47
LR 97(38) —z2(i2) -5t <= —L ¢

TIZ@, mnssma Y;Dcwd}ciﬁ st b cun Gty Q@m\m /A h@&@a%g

e Gl ML&&TJP,@M?‘MMWQ (im Q.QLM o IR T
L2 2?55 = YAl et 4 P

DB AL+ H = 2’*/}73 + 77 Bl hue 13 pustvas My hes tzpyite
Niac Reons Lh = 134+ 7 4] = mﬂ N Qoons cm"f‘ Py w %
Se ? = 25—l = 4 god e estws ,Hﬂ Al is AL

: | 7
Lo.gﬁ}:rhg Y = D Lo%)dm anh = ? im;S%mg_ﬁﬁwmﬁ._Jm.‘LQ%w
CQM%Q ey = (3 A+ ] -}-qu C&{we«& ot = +i2 +

Pontbor +2 Of M i& m&&d 9 m’%”b‘WMML%WW
ZW\%) ;ca. 45 "‘Lﬁ“&,

S e = 13(HE) 4 () + L4 = 25 (4p) .
Spbnont = 12 (£2 + 12.(50) + 7(58) + 2(4) = 25 (51)
Szl@m\\ 15 congerped . P reachon  w, chiated

ve P4l ¢l Qfmg b THe




) Por el 4 W o Fhe 47

¢ bhae 7 Fn@ns)wﬁmzmmﬁgﬁw%&;ﬁwﬁmMJ&mwmm
NuﬂQe‘im\g 1:»\.\“ = 174 X+ 1 = 36

Nudoons ond = rxf—;? +< =3¢ +°¢

]Q@vzﬁwi t!%, hf\)&é:/hf»« 1‘?’1//\7\ g l‘§ hlﬁha h&fﬁh‘%—. Qm«(o nueclion
Nrwhor 1S ¢ pead s C a%gc;wrwedf

Ls&m}ems e T Od) L.szadxm wk < ¢ + ¢
: cewm‘&\g& a dophr, v dhone Gk e ng arbtd

{meﬁj\%

CA\ o= HT7 4] = HIE Czékﬁwqp ot~ 11§ + 7

Cé\awﬁ? 15 )%’j@\r\.uﬁ{ Se ? (mm"i‘ }ww—e. CQMWZ

S@mam = 7GE) rigl(ER) F e < 36 ()

ng out = 18 (% ﬁJ«f L) +° = 3¢ (£8) 47

’?:7 Cronmal Dopsse %ﬁn 1 2 Q,Om\ =0

e MLQ& mﬁwh&m%, TN 2 dm&@%w Aok~ is
et 2'\%?,1&@&\ wQ.e/ﬁém.. 15 g g&aﬁM

/@w ?:X

and ol + = Fae Y




Y, a)

[?\@ Md"ﬂ-s W% SN L’NM_W.;&W,&S MMW 44

M‘\«S b} He ninelons it e V.QLCJiJW\.A Qe (:;ﬂ

O VZRET7T i = 7&, 7/ oV 07" 2o
L U = |L66s5Ye i "

| Who = 1.48% x 10 Bgyph

4
Gin .= (19; w32 Moy

Q"‘W% Wzﬂcf VM\ tHe Soan /wzw = g (afﬁzk\x;’ S5 7L /0%,

4
s > I
= 33/ vm “w 3 IS5 XK wo Ouys. Lo

= L2153 /o /Mﬁ»c .

VoV = | 60217¢v%6 s ™% opic

. ; N O . .
ks ,/5’?0‘»\«*’; L2 53wy0t! fza,mg{/mw = "7.5852 X/osz'z\f/?em
Lbo217yé W@ a«v&@/@\f

7. 5852 %18 Q«V/%Ecw
131 w5432 x:a <oV /m

X ”‘103 7()0 u /U’LQW X |ERo By )0""251

— 8,”’{‘3 \é/ﬁ‘@g&t /{%ecw

u

4 f‘?’lm/m

g(- i \Z)(‘ C‘\Am/i./]i?rw

i 989 %10 33 g4, /mﬂ

= 6.9 M0 - '%/)m /uﬂw

f\\ Tl sobav peond decsrnmR e G nz{sq

ér\,f/\\CQ\ LS Samvnad o §

V-@A(Sﬁ%ﬁ

) TPl vede c*»-}’ inggs Rs 35 6,8 w it ‘fj%m /%zm tgﬁfﬁﬂﬂ'f%{y@
= G840 "'"7)/)% /\mw ~ Jo~ ’3%19\ /e

/)M&Wo o /Vi Io" e V‘A@Swn rmust Lre

- 4
o %X /o Bml": /;m/ ﬁw (D 3/7771-3 T@"(Wv\ ninlowy Va, A

dwl *H}\Q Sesten J/L\mi/ol 2 ﬁhﬁj ~ 0,120 cﬁf’j; Iass.




