Homework Assignment 2 ASTR4201, Fall 2020
Corresponds to Chapter 2 of “To Build a Star” (TBS) by E.F. Brown

1.

10.

11.

12.

13.

See below Team: 1 Lead: Anthony
The ocean’s density only changes by 5% from surface to ocean floor. How much does
gravity change? Assume the ocean floor is 2 miles below the surface.

TBS exercise 2.1 Team: 2 Lead: Michael

See below Team: 3 Lead: Ryan
Calculate the weight of a column of air above a 1 m? area at sea level. Calculate the same
above a 1in? area. Finally, calculate the weight of earth’s atmosphere.

TBS exercise 2.2 Team: 4 Lead: Jacob

Hint: Recast density in terms of pressure. Note that you then have a first order homogeneous
linear equation. Consult the solutions for common differential equations, e.g. in your math
methods textbook.

See below Team: 1 Lead: Britt

Calculate the average molecular mass of dry air, approximating the atmosphere as 78%
nitrogen, 21% oxygen, 0.95% argon, and 0.05% carbon dioxide. Keep in mind that
nitrogen and oxygen are diatomic gases in earth’s atmosphere.

See below Team: 2 Lead: Sam

Solve TBS exercise 2.3, as well as the following question.

The sun is ~70% hydrogen, ~28% ~2% metals, which we denote by X=0.70, Y=0.28, Z=0.02.
If we treat the metals as N, what is he mean molecular weight of the solar composition?

TBS exercise 2.4 Team: 3 Lead: Josh
TBS exercise 2.5 Team: 4 Lead: Gula
TBS exercise 2.6 Team: 5 Lead: Justin
TBS exercise 2.7 Team: 1 Lead: Gavin
TBS exercise 2.8 Team: 2 Lead: Quinn
TBS exercise 2.9 Team: 3 Lead: Harshil
TBS exercise 2.10 Team: 5 Lead: Robert

Hints: For part 4, “lowest order in 6R /R” means to expand such that yisn’t in an exponent
anymore. For part 5, (1+6R/R)? ~ (1+2*6R/R) and (1+8R/R)? ~ (1-2*8R/R). For part 6, consider
the equation of motion for common systems (e.g. a spring).
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Problem 3

Question 3

Calculate the weight of a column of air above a 1 m? area at sea level. Calculate the same

above a 1 in? area. Finally, calculate the weight of earth’s atmosphere.

Py — P(z) — gm(z)/AA,

Weight above 1 m?:
Po = 1atm = 101325 Pa
P(z)=0
AA=1m?
Solve for gm(z) (Weight = mg)
gm(z) = Po AA

gm(z) =101325 N

Weight above 1 in’:
Po = 1atm = 14.7 psi
P(z)=0
AA =1 in?
Solve for gm(z)
gm(z) = Po AA

gm(z) =14.7 pounds = 65.4 N

Weight of atmosphere:
Radius of Earth: 6.371 x 10° m
Surface Area = 4 tr> = 5.101 x 10 m?
Po=101325 Pa
AA =5.101 x 10 m?

gm(z) = Po AA=5.168 x 10®° N




Ke |
= =Y, Problem 4

&7
t
Pl - S’_A/'_”“vﬁ S
S\) /f 0 h\
k7 /f'“/m_‘i%
[N ) =
-9 Amud
P 2 Fo QXP[ Vt _IL-YZ’:\/" s
“"t/ﬁp = .k/B)
P;Yoe ! H(O /(r'\u(ﬁ
@3%%1( 23 R
H(a: |- 59 x(o fk)cam) p ?."13><¢gm
v S
P i
L= He=> p=Foe =

Monesphere 75 ooy (50 Yharmal.

\ Fom ~ 0k 4o W0k
Gimole Abmsfiers bohre Tempomtoe (B,

LWL ﬁb)bl\/)eze/&%
i s e
Uty Wlint3o L demp Ty

i



AR s "
Uauf‘-' &v’.‘“ molecnlar mase dny air V.
given atn. 78% nfrogon Problem 5 -

TU% ovypen
0.95% argea
0. 05 % comben dioxeole

i nit. & oxy. distome gasses
E fron Ex. 2.2 in buske , Krow u:.:ﬂAeZ.l.?g

o fosesc welghts <
& (4.0067 u
0: 6.999 «
Are 34.998u
co,: 1901w

since dintoeic, W2l avd O>0,
O 4: Yo06FuUx T =200039u
0,: 15999« 2 = 3(996u




M@Hﬂ"'l by poventeges :

/V'_: 220134y = 0.70 = 21890952

0.0 3.9M9% ¢ 0.2 = 63452
fon: 39.9498un ¥ 0,0096 = 0.371506 «
O | ‘w( w ¥ 00,0006 = 0.062005 ¢

wdd tHese wp:

21.2%04stu +6 . HITPu +0,3%4S0C ¢ |
€ 0022608 ¢ |

wi gt A2 728.97u

(Sanc. , as qiven iq  bostc)




Problem 6
»

 Semue|l I-’ehn'nﬁcr‘
CASTR  H201 2.3

Whed s an for « M, ‘onizeodl THe gas (A=H, with L
tlectrons pef sdorn ) ?

8 ; . ‘-lmu x N y
e S e — = =
AL (M He £ ) - TFem 3

The Sy 18 ~107, }-\Yolro:jcn, = ZR2 Jf\c/-'um, gl "o L7y
mehls, dencted by x:0.7C, gy 0.28, Z2:=0.02

Il we Jreed Pe medls ac “fN) whet s He mean molecvlar
weighd 4 e colar cowPos'-#on?

i=(+)o.1+ ()o.18 * (70)o.ap ! 256 = Mn
BA since Jdhis s He Sur\,;..
@ L-(2)oer-(R)r(Reor > 0617w

* . .
‘i’ s uced hecougse hecuier lements Al have ~ He sare
Aumber of plodons and nNecdrong

TTEEEE R I ER mw -

R —



al B

ASTE 20 ! Wy T2

m((>" L‘—W S (() ‘(
80 P " v
_ﬁ‘\'\“ PL(LWD

:5?\ {?\c, 15 =0

mcl)z Y
‘ (s =
s TR
ACTO wWiaw =

e CenX Y [

§ E & ¢ € 15 Ng (ers s
Cﬁ-ui“: e indCLior 't o e
O e e
S (7
v*»a:-c; E@f 22 —
fii (ACE
B I
P = ('..,4’}

SRS (ax s
At ¥t centtr
a9

=

—

Ve
(\-»O ‘(\'\(\’ j

C

ve

o)

sis Call

5 2 -.} \ iy s

Problem 7

Tosw Olsow

?‘\S_‘lj_,\ ARV MR (o) iy
\ Q) Consxon plens Wy {M(V‘} =

©-This 1S Dlaaigx
At CEf ( No p o N

3(’() =) oE el

@ ot Yeu CH T



CRBORPRT YT TSP NS TR et e %

e

QbS04 Problem 8

MCASS £uw\c“'t'0\/‘ Coawv b e c\o\qiwe\_é\
Usié et (4,06

vacer) - lﬂ(‘f NiewD r>dr

11

§
YF 5 JYLJfr

e e T |
AL T )

\\

<]

Sui.l \r??c RS 3G
2
AW AN AW Ele . o s P e
S NUUTR N R VORP P S P RO WE
W Qe exPras e () )('\\rdu.zjlﬂ 15

é\o\’aﬂ RV %ma V\«A(l’ AR cw,a‘

R .
wlp

R A i
A Wl

=




mdir), = AM’&) Syt de
=
miv) = Ug’J M S
I, LR
=
5 ey
SR8 T
o R
3
v i MY z
R3

P)<Sgwﬂb a\\r 5u<%o&cg, P(R‘):O
0(/3 W Nx Ly e

piRya—| (hort 5
SRR T LAl S,, JIr
P R :
’DCY-G) }H_TR Rg ~b_ 4
Pcﬂ) PCrso) = - L 9((
Ax R"H %

' Y-0) = 3 g
/P"‘ ) /8/‘ R G

PC(Y:O) = ..2-——

=i

g 1




A SRS i i

-

R R
.




. GHAmM
Z’t-e, R

b MM LR = R, i slane

MQ = L9 % 103° ch M = mear ma/(cnlw
axz%/ﬁz.

-?
- -~

R@ = (.‘Muogm

Mu = }'\a.ss meess df S a’lof”“c mMa s

Hinik

=37
Tk =11 £¢). %16 145.

Kgi=-.3g0 49 */0-235.1['

‘ 0 G
6: (,é'lar—(a/ NK;Z'MZ'

P u.“o'n; Hu. C;n»nlcon/s I'n c7 (Y )
w&;e"-

— é
/C:?»K*/O K

I e QC/M/VQ(’MQ
-7_2_: | H . 4 #/OKK

BbivirsindEdpuar okt s

S



Problem 9

2 Homework 2

Question 9: Exercise 2.6 —The central temperature T, is a measure of the
average kinetic energy of a particle at the stellar center. Use the central tem-
perature that you found for the constant density star in exercise 2.5 and estimate
the time that such a particle would tal&e to cross a distance R. How does this
time compare to the orbital period of a‘satellite orbiting just outside the stellar
surface?

Solving (2.5)

M? 3G
~Rsr (10)
k
P:%T (11)
u M? 1 pmy, GM
T Hm 3G 1pm, G (12)

pijﬁg72 ]fB R

nets 7' = 6.9 x 10% K for the central temperature using R = Rz = 696 x 106
m and M = M, = 2 x 1030 kg. Using the equation for the average kinetic
energy of a particle in an ideal gas,

3
TAV = ikBT (13)

and obtaining the velocity,

2T 3kpT
vay = AV _ B (14)
My My

_  [3CGumtEMe (15)
2makBRe
~\ 2Rg (16)

nets vay = 415.5 km/s. As t4y can be calculated from velocity using

R
tay = —2 (17)
VAV

Ro 2R

3MGM® 2R@
\/ 2Rg
2R2 2R3
= © = © (19)
\/ 6MGM@R@ 3:U/GM®

5 [ R3
_ 2
3u\ GM, (20)

This crosses R in 1675 seconds. Using Kepler’s third law to determine the
orbital period for a particle at the surface of the sun




(21)

nets an orbital period of ~10* seconds. The ratio of the t4y and ty is
calculated as

BE

tay 3u Wy GMe 1

potav VIV [T (22)
to z 67 1%

2m\Lents

which nets a ratio of ¢ ~ 0.1677.
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Luminosity Density Central Temp. Central Pressure | Stellar Type

5800 0.0558 1.75 0.0976 B2

180 0.1407 1.266 0.1783 BO

6.5 0.4741 1.0667 0.5057 FO

3.2 0.5917 1 0.5917 F5

0.79 1.181 1 1.181 G5

0.08 2.361 0.85 2.006 MO

0.003 20.576 0.6667 13.717 M7

Density, Central Temperature, and Central Pressure vs.

Luminosity
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The higher luminosity shows a higher temperature but lower density and pressure. As the luminosity

decreases, so does the temperature, while the density and pressure increase.
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If additional heat is provided the central temperature would increase for some time but would
eventually revert to its equilibrium state.

[NOT CORRECT. Adding energy decreases the temperature. See the figure.]
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