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InkPhysics - Nuclear radius and density ANSWERS

mems SECTION A - Warm-up
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R = RoA3, where A is the nucleon number and Ry = 1.2 x 107 m (1.2 fm). [2]
R=RoA/3=12x10"x643=12x10"5x 4 =48 x10" m. [2]

Since volume « R® « A, and mass « A, the density (mass/volume) is the same for all [2]
nuclei: nuclear matter has an approximately constant density.

SECTION B : standard

R=RoAP=12x%x10"%x27/3=12%x10"5%x3=3.6x%x10"m. [3]
0 = u/((4/3)nRe3) = (1.66 x1027)/((4/3)11 x (1.2 x 1075)3) = 2.29 x 107 kg m3. [4]
Rios/Rs = (125/8)V2 = 2.5, [3]

If every nucleus has the same density, each nucleon occupies about the same volumie |
regardless of the nucleus. This is what you expect if nucleons touch and are packed
tightly, like closely packed spheres, rather than being spread out.

SECTION C - stretch

At closest approach E, = kQo.Qun/r, with Qu = 2e and Qy = 79e. E, = 5.0 x 108 x 1.60 x 107° &1]
8.0 x 1078 J. r = k(2e)(79¢) [E, = 4.55 x 1074 m.

R=12x107"%x12/3=275x10""m. Mass =12 x 1.66 x 102 = 1.99 x 1026 kg. p = [4]
m/((4/3)1R3) = 2.29 x 107 kg m3, essentially the same as for any other nucleus.

A beam of high-energy electrons (whose de Broglie wavelength is comparable to the 3]
nuclear size) is fired at a thin sample. The electrons diffract around the nuclei,
producing a pattern with minima; the angle of the first minimum depends on the
nuclear diameter, allowing the radius to be calculated.
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