
PHY-105: Nuclear Reactions

Some main points we’ll look at this lecture:

• Binding Energy: energy required to break up an atom or nucleus. Mass of a nucleus is
less than the mass of its constituent nucleons (protons and neutrons). If this loss of mass is
m then an energy E = mc2 is released. Most of the energy radiated by stars has been
released by nuclear reactions in stellar interiors. Binding energy for a nucleus A

ZX is:

Q(Z,N) = [Zmp +Nmn −m(AZX)]c
2

• Example: estimate of energy released in H fusion reactions as source of Sun’s energy

• Consider binding energy per nucleon: Q/A. Q/A = Q/(Z + N) will be proportional to the
fractional loss of mass when the compound nucleus was formed.

• see fig. 4.6 in text for the general character of Q/A versus A.

• Fusion: light nuclei combine to form heavier nuclei. If all nuclei in the reaction lie to the
left of the maximum in Q/A vs. A, the compound nucleus has a larger binding energy per
nucleon than the original nucleus ⇒ reaction must release energy. If succession of fusion
reactions occurs, further release of energy becomes impossible when nucleus is in the Iron
(Fe) region.

• Fission: heavy nucleus splits into 2 or more lighter nuclei. Will release energy if all nuclei
involved are to thge right of the maximum ⇒ newly formed nuclei have a larger binding
energy per nucleon than initial nucleus. For the heaviest nuclei these fission reactions occur
spontaneously as in fission of 235

92 U

• Occurence of nuclear fission reactions: all nuclei are positively charged so must
overcome the Coulomb potential energy barrier before nuclei are close enough for nuclear
reactions. If assume energy required is provided by the thermal energy of the gas can show
the temperature required is:

Tclassical =
2Z1Z2e
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∼ 1010K

for 2 protons (Z1 = Z2 = 1).
However, Tc for the Sun is only ∼ 2× 107K !!!!!!

• Need to invoke Qunatum Mechanics – understand at least qualitatively how this works. We
can show that:
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For 2 protons this gives, Tquantum ∼ 107K.

• Now that we have established the fact that nuclear reactions can exist and can provide the
required energy, we need to understand the probability that they actually occur. See next
handout on nuclear reaction rates.


