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s 222 CIDHomework 26 S
ore / 30Useful integral: ∫
∞

0

xe−(x/a)2dx =
a2

21. (7 pts) Cross se
tions in alternate universes.... Imagine that you had a pie
e of inzane whi
h is made up ofmi
ros
opi
 parti
les 
alled spamons. If we irradiate our inzane with a beam of sillions, some of the sillions willbe absorbed by the spamons, whi
h will then release a giggle and be
ome a hamon, a

ording to the rea
tion:Sp(s, g)Ha. If a sillion passes within a distan
e r of a spamon, the probability of this rea
tion o

urring is equalto P (r) = e−(r/a)2. In the following steps, we will 
al
ulate the 
ross se
tion for this pro
ess.(a) Imagine a stream of sillions with a �ux Φ whi
h is streaming past a single spamon. Write a point on yourpaper to represent the spamon. Now draw a 
ir
le around the spamon, and then another 
ir
le just slightlylarger than the �rst 
ir
le. We will 
all the area in between dA. In terms of dA and the �ux Φ, what is thenumber of sillions per se
ond whi
h pass through this tiny pie
e of area.(b) We will 
all the radius of the inner 
ir
le r and the outer 
ir
le r + dr. Now in terms of Φ, r and dr, whatis the number of sillions per se
ond whi
h pass through the tiny pie
e of area?(
) Ea
h sillion that travels through this area has a probability of 
ausing a rea
tion whi
h is equal to e−(r/a)2 .What is the rate dR at whi
h sillions traveling through this tiny area 
ause this rea
tion to o

ur. Giveyour answer in terms of Φ, r, dr, and a.(d) Now integrate over all r to �nd the total rate R at whi
h rea
tions with our lone spamon will o

ur as afun
tion of Φ and a.(e) Even though the probability of absorbing a sillion is a 
ontinuous fun
tion of r, the rea
tion rate is the sameas if all of the sillions striking a �xed area were absorbed, and none of the sillions passing outside this areabsorbed. What is the �e�e
tive area� over whi
h sillions are absorbed? This is the 
ross se
tion σ.2. (7 pts) Lets derive Beer's law! Imagine a 
ylinder with 
ross se
tion A and length l with randomly pla
ed nu
leiwith an average parti
le density (parti
les per unit volume) of n, ea
h with a s
attering 
ross se
tion σ. Nowimagine that a �ux of neutrons Φ0 enters one end of the tube. After traveling some distan
e x, the �ux is alower value Φ(x) be
ause some of the neutrons have been absorbed. First 
onsider a very thin sli
e of the tubeof thi
kness dx. If it is thin enough, no 
ross se
tions of the nu
lei in the sli
e will overlap, and the fra
tion ofneutrons lost will be equal to the fra
tion of the tube's 
ross se
tional area 
overed by the 
ross se
tions of thenu
lei in the sli
e. (a) In terms of n, dx, and σ, what fra
tion of the neutrons will be lost as they traverse thesli
e? (b) Now use what you found in (a) to write down a di�erential equation of the form dΦ/dx =somethingrelated to what you found in (a). (
) Now solve the di�erential equation to �nd Φ(x) in terms of Φ0,l, σ, and n.Now you have Beer's law!3. (4 pts) Assume that a parti
ular rea
tor has a reprodu
tion fa
tor of k = 1.7. (a) How many generations does ittake for the power level to double? (b) How many does it take to in
rease by a fa
tor of 10? (
) If we ignoredelayed neutrons, the time between generations in a uranium plant is about 1 ms. How long does it take for thepower in a uranium rea
tor to go up by a fa
tor of 10 if k = 1.7? Thank goodness for delayed neutrons!4. (6 pts) The so-
alled �Coulomb barrier� is the energy needed to ex
ite a ground state nu
leus in order for it to haveenough energy to split into two pie
es (it is 
alled the �Coulomb barrier� not be
ause the Coulomb for
es arewhat hold the nu
leus together, but be
ause this is the energy needed to pull the two pie
es apart far enoughthat the Coulomb repulsion 
an over
ome the nu
lear binding). 239U has a Coulomb barrier of 5.9 MeV and anatomi
 mass of 239.0542878u. 236U has a Coulomb barrier of 6.2 MeV and an atomi
 mass of 236.0455619u. (a)How mu
h kineti
 energy must a neutron have to split a 238U nu
leus? (b) How mu
h kineti
 energy must aneutron have to split a 235U nu
leus? (
) How mu
h kineti
 energy must a proton have to split a 235Pa? Thisisotope has an atomi
 mass of 235.0454368u.



5. (6 pts) If I make a sphere of �ssile material whi
h is large enough it will spontaneously explode in a super
riti
al
hain rea
tion (i.e. an atom bomb). But if the sphere is too small, too many neutrons will es
ape without 
ausinganother rea
tion, k will be less than 1, and I won't get an explosion. The mass of a sphere for whi
h k is justequal to 1 is 
alled the 
riti
al mass. Using de
lassi�ed data, lets make a rough estimate of the 
riti
al mass of
235U.(a) The neutron 
apture 
ross se
tion of 235U for a neutron with a velo
ity typi
al of neutrons released by the�ssion of other 235U is about 1.2 barns. The density of solid 235U is 18.9 grams per 
ubi
 
m. About how fardoes a neutron travel through the uranium 235 before its probability of rea
ting with another 235U rea
hes50%?(b) Sin
e, on average, 2.4 neutrons are emitted per �ssion event, we need to make sure that the average neutronhas a probability of being absorbed before leaving the sphere whi
h is greater than 1/2.4. To do this right,we need to integrate over possible angles that ea
h neutron is emitted and over the possible pla
es thatea
h neutron may have originated (i.e., the volume of the sphere). But lets just wave our hands and saythat the 
han
es of absorbing at least 1 / 2.4 of the neutrons is pretty good if the diameter of our sphereis equal to the length 
al
ulated in (a). Cal
ulate the mass of a sphere of 235U with a radius equal to thehalf the distan
e you found in part (a).(
) How mu
h energy is released when the sphere in part (b) explodes? Assume that 200 MeV is released byea
h nu
leus, and give your answer in units of tons of TNT (where 1 ton of TNT = 2.62 × 1022MeV, theamount of energy released when you set o� one ton of dynamite).Extra problems I re
ommend you work (not to be turned in)- Lets 
onsider the 
ross se
tion for an ele
tron s
attering o� of another ele
tron. We will make the hand wavingargument that the s
attered ele
tron will be de�e
ted by a signi�
ant angle if the maximum potential energyit feels during the s
attering is 
omparable or greater than the kineti
 energy of the ele
tron. So we mighthypothesize a �s
attering probability� whi
h goes as

P (r) =
1

Ek
·

e2

4πǫ0r
.With this assumption, what s
attering 
ross se
tion do you 
al
ulate for an ele
tron with kineti
 energy Ek?Surprising, isn't it?- A
tually do the integrals to 
al
ulate the 
orre
t 
riti
al mass. Note that this is the 
riti
al mass for pure 235U,whi
h is rather hard to make. If you use natural uranium, you have to take into a

ount the lower density of

235U nu
lei and the absorption due to 238U nu
lei. This results in a mu
h, mu
h larger bomb.- If we assume that our bomb has a reprodu
tion fa
tor of 1.2, how long does it take for the explosion to o

ur?


