
Homework Assignment 5 ASTR4201, Fall 2020 
Corresponds to Chapter 5 of “To Build a Star” (TBS) by E.F. Brown 

1. TBS exercise 5.1 Team: 3 Lead: Josh 
 

2. TBS exercise 5.2 Team: 2 Lead: Quinn 
 

3. See below Team: 1 Lead: Gavin 
Considering the terms of the semi-empirical mass formula, which parameter is 
responsible for the following feature of the nuclear landscape: 
a. Location of the valley of stability for low A? 
b. Bend of valley of stability away from N=Z for large A? 
c. Large A/Z ratios? 
d. Lack of ultra-high A nuclides? 
e. Existence of nuclides in the first place? 
 

4. See below Team: 3 Lead: Harshil 
Calculate the experimental binding energy difference between 15N and 15O [See 
http://amdc.impcas.ac.cn/masstables/Ame2016/mass16.txt]. Assuming this is due to the 
Coulomb term of the SEMF, what radius corresponds to A=15? Note that compared to a 
point-charge, a uniformly charged sphere has Usphere = (3/5)Upoint. Compare this to the 
usual approximation for the nuclear radius (using r0=1.2fm). 
 

5. TBS exercise 5.3 Team: 2 Lead: Michael 
 

6. See below Team: 1 Lead: Anthony 
There's a maximum in the Binding energy per nucleon (found in TBS 5.3 and shown in 
the Quick Notes). For measured masses, this is at 58Fe. Why isn't everything made of 58Fe? 
 

7. See below Team: 3 Lead: Ryan 
In a single-degenerate scenario, a Type-1a supernova converts a white-dwarf's mass of 
roughly 12C (B = 92.162 MeV) to roughly 60Fe (B = 525.351 MeV). How much energy is 
this? How does this compare to the gravitational binding energy of the white dwarf? 
What does this say about the power source of Type-1a's? 
 

8. TBS exercise 5.4 Team: 4 Lead: Jacob 
 

9. See below Team: 4 Lead: Gula 
If the 3He+3He cross section were purely geometric, what would the S-factor be for a 
100keV interaction energy? What about for p+d? Compare to the measured values of 
5MeV*b for 3He+3He and 1MeV*b for p+d. 
 

http://amdc.impcas.ac.cn/masstables/Ame2016/mass16.txt


10. TBS exercise 5.5 Team: 1 Lead: Brit 
 

11. TBS exercise 5.6 Team: 5 Lead: Justin 
 

12. See below Team: 2 Lead: Sam 
Which of the following reactions are possible without non-standard model physics? For 
invalid reactions, indicate what the issue is.  
a. 137Cs → 137mBa + e-  
b. 12C(α,γ)16O  
c. 144Sm(γ,α)140Nd  
d. 126Te(n,γ)127I 
 

13. See below Team: 5 Lead: Robert 
For the CNO cycle at near-solar temperatures, the process piles-up at 14N because this 
rate is the slowest. Where would the process pile-up at if the temperature were very 
high? 
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Problem 5.2



a) Asymmetry; the location of the valley of stability for low A is caused by asymmetry because

at very low A, the system will have N=Z, which will cause the system to be stable.

b) Coulomb; the bend of the valley of stability away from N=Z for large A will be caused by the

coulomb because there are more proton charges being added into the system, since neutrons

don’t carry any charge, the addition of more protons will change the energy of the system based

on the charges being added.

c) Coulomb; large A/Z ratios will be caused by the coulomb because there is going to be a large

neutron excess in the system.

d) Surface; the lack of ultra-high A nuclides is caused by the surface parameter because the A

goes by a factor of 𝐴
2

3, which will penalize the A and the binding energy will not be able to 

support at high A values. 

e) Volume; for nuclides to even exist, there needs to be a factor of A. The parameter that is going

to guarantee the A is the volume.

Problem 5.3
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Michael Ickes Exercise 5.3 

Taking derivative)

Problem 5.5



Code) 

Graphs) 



Part c) Solving empirically, we can see that the maximum occurs around when A=70 



Anthony D’Alessandro 

ASTR 4201 

Homework 5 

6. There's a maximum in the Binding energy per nucleon (found in TBS 5.3 and shown in the

Quick Notes). For measured masses, this is at 58Fe. Why isn't everything made of 58Fe?

This is because, although Fe58 would be the most stable element, it has not been 

subjected to the required energy it needs to fuse to a mass number this high.  All matter would 

need to be given an immense amount of energy for this to happen and the universe is not nearly 

that uniform in energy that high.  Also, it is to be noted that even if there was sufficient energy in 

the universe, there would still me a distribution of elements around Fe58. 

Problem 5.6



Problem 5.7



1 Problem 5.4

Fusion of hydrogen into helium entails converting 4 hydrogen atoms (including the 4 electrons) into 1 helium
atom (2 protons, 2 neutrons, 2 electrons) with B = 28:296 MeV. What is the heat evolved per hydrogen
atom? Assume that the sun has been shining with its current luminosity over its life. What mass of hydrogen
atoms would need to undergo fusion to supply this energy? How large is this mass relative to the total mass
of the sun?

4 1H −→4He

Meaning 4 protons and electrons become a nucleus of 2 protons and 2 neutrons with 2 electrons. The change
in mass is then:

∆M = 4MP + 4Me − (2MP + 2MN + 2Me −BE(4He) (1)

or
∆M = 2MP + 2Me − 2MN + BE(4He) (2)

From TBS (and a quick google search for the last three), we know the following:

Name Symbol Value Units
Binding Energy of 4He BE(4He) 28.296 MeV
Mass of the Proton MP 938.28 MeV
Mass of the Neutron MN 939.57 MeV
Mass of the Electron Me 0.5110 MeV
Luminosity of the Sun L� 3.86× 1026 J/s
Mass of the Sun M� 1.99× 1030 Kg
Lifetime of the Sun T� 1.42× 1017 sec
Mass of Hydrogen MH 1.67× 10−27 Kg
Mega Electron Volt MeV 1.6× 10−13 J

Tab. 1

The heat evolved is the change in mass, or

∆M = 2(938.28MeV + 0.511MeV − 939.57MeV ) + (28.296MeV ) = 26.738MeV (3)

The heat evolved per hydrogen would then be ∆M/4, or 6.68 MeV.
To find the mass of hydrogen needed, Mn,

Mn = L� × T×
MH

∆M(H)×MeV
= 8.58× 1028kg (4)

Or about 4.3% of the mass of the sun, 1.99×1030.

1
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Problem 5.9





Problem 5.10





5 Homework 5

Question 11: EXERCISE 5.6 - Suppose we wish to approximate a function
f(x) at a point x0 with a power-law, p(x;A,n) = Axn. Impose the condition
p(x0;A,n) = f(x0)and dp/dx|x=x0

= df/dx|x=x0
to find the parameters A and

n, and show that

n =
d ln f

d lnx
. (44)

Apply this to the reaction rate, eq. (5.8), and thus derive eq. (5.9).
Given the fact that p(x) = f(x), and p(x0;A,n) = f(x0) and dp/dx|x=x0

=
df/dx|x=x0

, taking the derivative of p(x) yields:

df

dx
= Anxn−1 =

n

x
Axn =

n

x
f(x) (45)

rearranging by moving the dx and f(x),

df

f
= n

dx

x
(46)

and now knowing that d lnx/dx = 1/x and using the physics cheat of mul-
tiplying by dx yields:

d lnx

dx
=

1

x
(47)

d lnx =
dx

x
(48)

and therefore the solution for n:

d ln f = nd lnx (49)

n =
d ln f

d lnx
(50)

solving for A:

p′(x)− p(x) = f ′x=x0
− fx=x0

(51)

Anxn−1 −Axn = f ′x=x0
− fx=x0

(52)

substituting x = x0 yields the value for A:

A =
f ′x=x0

− fx=x0

nxn−10 − xn0
=
f ′x=x0

− fx=x0

xn0

(
n
x0
− 1
) (53)

9
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Applying the equation for n to eq. 5.8 (given below):

(5.8) :
213/6√

3m

E
1/6
G S(Epk)

(kBT )2/3
exp

[
−3

(
EG
kBT

)1/3
]

(54)

and recognizing that a constant C is present:

C =
213/6√

3m

E
1/6
G S(Epk)

(kB)2/3
(55)

f = CT−2/3 exp

[
−3

(
EG
kBT

)1/3
]

(56)

and the rate r(T ) ∝ f/C, then n can be calculated as:

∂ ln r(T )

∂ lnT
=

∂ ln

[
T−2/3 exp

[
−3
(
EG

kBT

)1/3]]
∂ lnT

(57)

= T

[
− 2

3T
+−3

∂

∂T

(
EG
KBT

)1/3
]

(58)

= −2

3
+ T

(
EG
KBT 4

)1/3

(59)

= −2

3
+

(
EG
KBT

)1/3

(60)

where the last equation is given as (5.9), or

(5.9) : n =
∂ ln r

∂ lnT
= −2

3
+

(
EG
KBT

)1/3

(61)
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Samuel Fehringer 

ASTR 4201 Homework 5.12 

𝐶𝑠ଵଷ଻ → 𝐵𝑎ଵଷ଻௠ + 𝑒ି

This does not work, the lepton number is not conserved. 

𝐶𝑠ଵଷ଻ : 137 nucleons lepton number is 55 charge is 0 

𝐵𝑎ଵଷ଻ + 𝑒ି: 137 nucleons lepton number is 57 charge is -1e

𝐶ଵଶ (𝛼, 𝛾) 𝑂ଵ଺  

This does work, because the two needed electrons are provided by the environment 

𝐶ଵଶ  and 𝛼: 16 nucleons lepton number is 6 charge is +2e 

𝑂ଵ଺ : 16 nucleons lepton number is 8 charge is 0 

𝑆𝑚ଵସସ (𝛾, 𝛼) 𝑁𝑑ଵସ଴  

This works 

𝑆𝑚ଵସସ : 144 nucleons lepton number is 62 charge is +2e 

𝑁𝑑ଵସ଴  and 𝛼: 144 nucleons lepton number is 62 charge is +2e 

𝑇𝑒ଵଶ଺ (𝑛, 𝛾) 𝐼ଵଶ଻  

This does not work, because charge is not conserved. 

𝑇𝑒ଵଶ଺  and 𝑛: 127 nucleons lepton number is 52 charge is -1 

𝐼ଵଶ଻ : 127 nucleons lepton number is 53 charge is 0 

Problem 5.12



As energy increases the rates of proton capture increase at a steady rate as high energy protons are able 

to pass through the coulomb barrier easily.  

 Conversely the rate of weak beta remains nearly constant. This implies weak decays would limit the 

rates of the following steps, and data from https://reaclib.jinaweb.org/ implies that n13->c13 is more 

limiting than o15->n15, though the scales are slightly unclear. 

Problem 5.13

https://reaclib.jinaweb.org/
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