
Nuclear Physics Autumn 2017
Exercise set 2

1. Sketch the elastic scattering cross sections of electrons off oxygen shown in the
lectures (Krane’s fig. 3.1, the book is available in the reference library, upper floor)
as a function of the momentum transfer (i.e. the abscissa q = 2k sin(θ/2) instead
of θ). Your conclusions? In particular from the position of the minimum make a
rough estimate of the nuclear radius. How would the cross section have to change,
if you carry this change of the independent variable to the bitter end, i.e. to the
form dσ/dq?

2. Estimate the nuclear ”unit”radius r0 from Krane’s figures 3.7 (optical isotope
shifts)and 3.10 (Coulomb energy differences of mirror nuclei). Basically these fi-
gures were shown also in the lectures. You may use the assumption of a uniform
charge distribution. Critisize your results.

3. In electron scattering off protons one needs as the form factor the function

F (q) = [1 + q2/(0.71GeV2)]−2

(so called dipole form factor). What should the charge distribution within the proton
be like in that case (can be presented analytically in terms of elementary functions)?
Calculate also the rms radius ⟨r2⟩1/2 of the proton.
Hints: Directly the integral needs residue calculus with a double pole. You can attack
this e.g. doing the Fourier transform without the second power and realizing that
F (q) is rather directly the derivative with respect to the range squared. Otherwise
one could try a roundabout way by guessing the r-dependence and checking that
its Fourier transform is the form factor F (q). Such integrals can be easily tracked
in tables. Good trials are exp(−Λr) or exp(−Λr)/r. But this is not ”fair play”.

4. Consider the nuclear distribution of Woods-Saxon form

ρ(r) =
ρ0

1 + e(r−R)/a
.

Give a plausible interpretation to each parametre. Normalize this so that the to-
tal ”charge” is, say, A. Establish that approximately for a given constant atomic
number ρ0 ∝ R−3 confirming your previous interpretation. This needs numerical
integration and you can use the value a = 0.5 fm and a few fm’s for R. Note that
in real nuclei R ≈ r0A

1/3 with r0 = 1.2 fm so that ρ0 ≈ constant.
From the above defined distribution compute the form factor

F (q) =

∫
eiq·r ρ(r) d3r .

Establish by sketching the q-dependence for a few R’s that a larger nucleus results
in a faster decay of the form factor.
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