
Physi
s 222 CIDHomework 27 S
ore / 301. (6 pts) Lets 
al
ulate the energy released through the proton-proton 
y
le. (a) How mu
h energy is released whentwo protons are 
onverted into a deuteron (a 2
1H nu
leus) plus a positron and a neutrino? Remember that for β+de
ay we have to keep tra
k of ele
trons and positrons 
arefully and not just blindly plug in atomi
 masses fornu
lear masses! (b) What is Q when a proton 
ombines with a deuteron to form a 3

2He nu
leus? (
) How mu
henergy is released when two 3
2He nu
lei 
ombine to form an alpha parti
le plus two free protons? (d) Sum upthese energies to �nd the total energy released by the proton-proton 
y
le. Remember to add twi
e the energyreleased in the parts of the 
y
le whi
h happen in dupli
ate. (e) Now 
al
ulate dire
tly the di�eren
e in restenergy between 6 free protons and an alpha parti
le plus 2 protons and two positrons. You should have gottenthe same result as the book for parts (d) and (e) - but there is something that the book negle
ted. After one
y
le you've got a 
ouple positrons hanging around with a 
ouple of left over ele
trons. And you know thatnothing good happens when young positrons hang out indis
riminately with parti
les of the opposite 
harge.Eventually they are going to annihilate ea
h other, releasing an additional 4 × 0.511 MeV, whi
h really should
ount as part of the energy released in the proton-proton 
y
le.2. (3 pts) Consider the 
ombination of the Coulomb repulsion and the nu
lear for
e attra
tion and make an argumentas to why D-D and D-T rea
tions make tokamak fusion rea
tors more feasible than P-P rea
tions.3. (3 pts) What is the di�eren
e between �breakeven� and �ignition�?4. (4 pts) Assuming that the �ssion of a uranium 235 nu
leus releases about 200 MeV on average, how mu
h energyper kilogram 
ould I get from the �ssion of pure uranium 235?5. (4 pts) (a) Assuming that the fusion of two deuterons results in an average energy release of 3.7 MeV, how mu
henergy per kilogram 
ould I get from the D-D rea
tions in a pure gas of deuterium? (b) How mu
h energy perkilogram of water 
an I get from D-D rea
tions. Assume that the water has the natural isotopi
 abundan
e ofdeuterium as listed in the appendix of your text.6. (4 pts) Di�erent types of de
ay are 
aused by the di�erent for
es. For a parti
ular for
e to 
ause a de
ay, thede
aying parti
le and all of the �produ
ts� of the de
ay must intera
t via that for
e. If there are two for
es whi
hthey all intera
t with, the stronger of the two will most likely 
ause the de
ay before the weaker one gets aroundto it. What for
e is responsible for the following de
ays? (a) n → p+e−+ ν̄e. (b) π0

→ γ+γ. (
) Ω−

→ Ξ0 +π−.(d) Ξ−

→ Λ0 + π−.7. (3 pts) Explain why the pro
ess p → n + e+ + νe 
an o

ur in 
ertain nu
leons but 
annot o

ur in free spa
e (i.e.a free proton 
annot de
ay this way).8. (3 pts) The neutrinos 
reated when pions de
ay into muons never indu
e inverse beta de
ay. Explain why this is ahint of the existen
e of a 
onservation law.Extra problems I re
ommend you work (not to be turned in)- A π+ and a π− at rest annihilate to 
reate two gamma-ray photons. (a) Why must there be more than one photon?(b) Give an argument as to why the energies of the two photons must be the same. (
) What is the wavelengthand energy of the photons? (d) Now 
onsider what happens when only the π+ is at rest, with the π− moving at a�nite velo
ity before they 
ollide and annihilate. Explain why more than one photon must be emitted regardlessof the velo
ity of the π−.


