Chapter 40
Physics 230
40.3. Model: Model the electron as a particle in a rigid one-dimensional box of length L.

Visualize: Please refer to Figure Ex40.3.

Solve: The energy levels for a particle in a rigid box are
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The wave function shown in Figure Ex40.3 corresponds to n  3. This is also shown in Figure 40.7. Thus,
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40.9. Solve: According to Equation 40.41, the penetration depth is 
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. Hence, 
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The electron’s energy is 0.038 eV below U0.

	40.11. Visualize: 
	[image: image5.png]





Solve: There are three factors to consider. First, the de Broglie wavelength increases as the particle’s speed and kinetic energy decreases. Thus, the spacing between the nodes of (x) increases in regions where U is larger. Second, a particle is more likely to be found where it is moving the slowest. Thus, the amplitude of (x) increases in regions where U is larger. Third, for n  6 there will be 6 antinodes to place. 

40.22. Model: Model the droplet as a particle in a one-dimensional rigid box of length L.

 Solve: (a) The droplet’s mass is
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The droplet’s energy, which is entirely kinetic energy, is 
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From Equation 40.22,
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 (b) The correspondence principle says that the behavior of a system approaches the classical limit as the quantum number n ( (. Even for a droplet this small and slow, n is so large (>> 1) that we can safely use classical physics to describe its motion.

40.25. Model: Model the particle as a particle in a rigid one-dimensional box of length L.

Solve: (a) From Equation 40.22, the particle’s energies are
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Since 
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(b) The length of the box is
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40.26. Solve: (a) The energy levels of a particle in a rigid box are
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So, E1  37.7 eV, E2  4E1  151 eV, E3  9E1  339 eV and E4  16E1  603 eV.

(b) The emission spectrum will contain the following transitions 2(1, 3(1, 3(2, 4(1, 4(2, and 4(3. Since 
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So, 2(1  11.0 nm, 3(1  4.12 nm, 3(2  6.59 nm, 4(1  2.20 nm, 4(2  2.75 nm, and 4(3  4.71 nm.

(c) All are in the ultraviolet range.

(d) Although the stationary states of this model have positive energies, unlike the Bohr atom which has negative energies, both models have E1 < E2 < E3 < E4. Thus, the transition energies, which involve differences of two 
energy values, are not changed at all. All energy levels are relative to an arbitrary zero of energy so the difference is not significant.

(e) The two models are similar in the sense that both lead to quantized energy levels. However, whereas the electron in the Bohr model undergoes orbital motion around the nucleus, the electron in a rigid box undergoes translational motion. The energy levels in the Bohr model get closer together as n increases, whereas the energy levels of the box model get further apart as n increases.

40.28. Model: Model the particle as being confined in a rigid one-dimensional box of length L.

	Visualize: 
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Solve: (a) From Equation 40.22, the energy levels are En  n2h2/8mL2. Two adjacent energy levels have the 
energy ratio
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(b) We have En  n2E1, so E1  32.9 MeV/16  2.06 MeV. We can then find E2  8.2 MeV and E3  18.5 MeV.

(c) 5 has 5 antinodes and is zero at x  0 fm and x  L.

(d) The photon energy is 
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This is a factor 107 smaller than typical visible-light wavelengths.

(e) Using E4  32.9 MeV  5.26 ( 1012 J,
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This is either a proton or a neutron.
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