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

1. 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. 
 

2. TBS exercise 2.1 Team: 2 Lead: Michael 
 

3. See below  Team: 3 Lead: Ryan 
Calculate the weight of a column of air above a 1 m2 area at sea level. Calculate the same 
above a 1 in2 area. Finally, calculate the weight of earth’s atmosphere. 
 

4. 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. 
 

5. 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. 
 

6. 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 14N, what is he mean molecular weight of the solar composition? 
 

7. TBS exercise 2.4 Team: 3 Lead: Josh 
 

8. TBS exercise 2.5 Team: 4 Lead: Gula 
 

9. TBS exercise 2.6 Team: 5 Lead: Justin 
 

10. TBS exercise 2.7 Team: 1 Lead: Gavin 
 

11. TBS exercise 2.8 Team: 2 Lead: Quinn 
 

12. TBS exercise 2.9 Team: 3 Lead: Harshil 
 

13. TBS exercise 2.10 Team: 5 Lead: Robert 
Hints: For part 4, “lowest order in 𝛿𝛿𝑅𝑅/𝑅𝑅” means to expand such that γ isn’t in an exponent 
anymore. For part 5, (1+𝛿𝛿R/R)2 ~ (1+2*𝛿𝛿R/R)  and  (1+𝛿𝛿R/R)-2 ~ (1-2*𝛿𝛿R/R). For part 6, consider 
the equation of motion for common systems (e.g. a spring). 
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Question 3 

Weight above 1 m2: 

P0 = 1atm = 101325 Pa 

P(z) = 0 

ΔA = 1 m2 

Solve for gm(z)  (Weight = mg) 

gm(z) = P0 ΔA 

gm(z) = 101325 N 

Weight above 1 in2: 

P0 = 1atm = 14.7 psi 

P(z) = 0 

ΔA = 1 in2 

Solve for gm(z) 

gm(z) = P0 ΔA 

gm(z) = 14.7 pounds = 65.4 N 

Weight of atmosphere: 

Radius of Earth: 6.371 x 106 m 

Surface Area = 4 πr2 = 5.101 x 1014 m2 

P0 = 101325 Pa 

ΔA = 5.101 x 1014 m2 

gm(z) = P0 ΔA = 5.168 x 1019 N 
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perature that you found for the constant density star in exercise 2.5 and estimate
the time that such a particle would take 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)

P =
M2

R4

3G

8π
(10)

P =
ρkB
µmu

T (11)

T =
µmu

ρkB

M2

R4

3G

8π
=

1

2

µmu

kB

GM

R
(12)

nets T = 6.9× 106 K for the central temperature using R = R� = 696× 106

m and M = M� = 2 × 1030 kg. Using the equation for the average kinetic
energy of a particle in an ideal gas,

TAV =
3

2
kBT (13)

and obtaining the velocity,

vAV =

√
2TAV
mu

=

√
3kBT

mu
(14)

=

√
3Gµ���mukBM�

2���mukBR�
(15)

=

√
3µGM�

2R�
(16)

nets vAV = 415.5 km/s. As tAV can be calculated from velocity using

tAV =
R�

vAV
(17)

=
R�√
3µGM�
2R�

2R�

2R�
(18)

=
2R2

�√
6µGM�R�

=

√
2R3

�
3µGM�

(19)

=

√
2

3µ

√
R3

�
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

3

2 Homework 2
Question 9: Exercise 2.6 —The central temperature Tc is a measure of the
average kinetic energy of a particle at the stellar center. Use the central tem-

2
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to = 2π

√
R3

�
GM�

(21)

nets an orbital period of ∼104 seconds. The ratio of the tAV and t0 is
calculated as

φ =
tAV
t0

=

√
2
3µ
�

�
��

√
R3

�
GM�

2π
�
�

��
√

R3
�

GM�

=

√
1

6π2µ
(22)

which nets a ratio of φ ≈ 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 B0 

6.5 0.4741 1.0667 0.5057 F0 

3.2 0.5917 1 0.5917 F5 

0.79 1.181 1 1.181 G5 

0.08 2.361 0.85 2.006 M0 

0.003 20.576 0.6667 13.717 M7 

 

 

 

 

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. 

 

0

5

10

15

20

25

5800 180 6.5 3.2 0.79 0.08 0.003

V
al

u
es

 f
o

r 
D

en
si

ty
, C

en
tr

al
 T

em
p

. 
an

d
 C

en
tr

al
 

P
re

ss
u

re

Luminosity

Density, Central Temperature, and Central Pressure vs. 
Luminosity

Density

Central Temp.

Central
Pressure



-• 
ii 

i 
i 
i 

' ' , 
" 

I 

A~1RD ~'VJ 

• 1 .i~ 'When G\ f ,<>to s+a, cornmc.+s. : 

~(-e<;,su re n~s 
l)el')Slh , i"se. s 
Terllpf;rn\-1}{£., , , se s 
,o.JiJ) o.un:u c;e} 

e ()e,(~y o.e. c,c,n.se.s 
-r - J.. r~ ~1 , 

~i ---1 1 
l-11 

Cootn.tr1\(\~ rnr \;es Ro.J.i\J S ·,s be.ue.~~:11q, R -1, G 

Ti I 

p 1' • 
-3 1' • 

In e<(_Vl.{ ho,.., 0\ 1 w ht.r> yov J i,1it:le,. by z::i. deae.ac.;y R_, / tl;,c.. +ernpenr-lv « ~-- w fll r ,·re. 
Tl'\ el(yq-hon Li \ 1 yo rJ w;I\ jd tk... San-,e.,, re,<; 11lt- as T , ·bv i- 1,,U /-rh H-e~<;cJ[e. f,s,·,:y . 
The., tk,,s,+y ().I ii\ n~ k.Lu.v ~e., -\-\..._ s+v.-- is coni-<1t(,-\-i'lj an~ ako 11ofexfdlt~ 

4
nycrf 

• '1 -r-c; Mtl.Tttc, 

E-1, 1 Tot-a_\ E."-e,3 y OU,\W(e~ ~ t,«·.~ i\-<,, gr-avi ti{+,.,,.,q( ere'Jy of k t;ir;.r 't s 
COnvt,d ·~-d rrrf-c, ~+-C1>1&. \(J ht-- c.vh ,c..~ ,aJiq~ awei y 10//fo ~Ptlce.. , 

t 

Problem 11



Problem 12

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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Problem 13

Note that it is also true 
that (1+x)a expands to 1
+ax, which is used later 
on, e.g. in Part 4.
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