Chapter 41
Physics 230
41.13. Solve: (a) Nine electrons (Z  9) make the element fluorine (F). These are not the nine lowest energy states because 1s22s22p5 would be lower in energy than 1s22s22p43d. This is an excited state of F.

(b) Twenty eight electrons (Z  28) make the element nickel (Ni). These are the 28 lowest energy states because 4s fills before 3d. This is the ground state of Ni.

41.23. Solve: (a) The number of atoms that have undergone a quantum jump to the ground state is

0.90N0  0.90(1.0 ( 106)  9.0 ( 105 

Because each transition is accompanied by a photon, the number of emitted photons is also 9.0 ( 105.

(b) 10% of the atoms remain excited at t  20 ns. Thus

Nexc  N0et/ ( 0.10N0  N0e20 ns/
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41.27. Solve: (a) For s  1, 
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(b) The spin quantum number is ms  1, 0, or 1.

(c) The figure below shows the three possible orientations of 
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41.29. Solve: A hydrogen atom in its fourth excited state is in the n  5 state. The energy of the wavelength of the emitted photon is 
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From Equation 41.2, the hydrogen atom’s energy must be one of the following values
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The transition 5 ( n corresponds to the energy 
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This means the angular momentum quantum number is l  2, 1, or 0. The atom’s maximum possible orbital angular momentum after the emission is 
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41.37. Solve: (a) For a hydrogen atom in the p-state, l  1. Because Lz  m( and 
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, the three possible values of Lz are (, 0 and (, and the two possible values of Sz are 
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. We can now compute Jz using Jz  Lz  Sz. The results are presented in the following table.

	Lz
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	Jz
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(b) The values of Jz found above can be divided into two groups: 
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. Because Jz  mj( and mj  j to j, the j values of the above two groups are 
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41.49. Solve: (a) From Table 41.3, the lifetime of the 2p state of hydrogen is   1.6 ns. The decay rate is
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(b) From Equation 41.25, the number of excited atoms left at time t is Nexc  N0et/. If 10% of a sample decays, then 90% of the atoms in the sample are still excited. That is, Nexc  0.90N0. The time for this to occur is calculated as follows:

Nexc  0.90N0  N0et/ 
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 et/  0.90
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t  ln0.90  0.17 ns

41.51. Solve: The number of excited atoms left at time t is given by Equation 41.25: Next  N0et/. If 1% of the atoms in the excited state decay in t  0.20 ns, then 99% of the atoms remain in the excited state. So,

0.99N0  N0e0.20 ns/( 0.99  e0.20 ns/ ( ln(0.99)  0.20 ns/ 
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  19.90 ns

Having determined , we can now find the time during which 25% of the sample of excited atoms would decay, leaving 75% still excited. Applying Equation 41.25 once again,

0.75N0  N0et/19.90 ns 
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 t  5.72 ns

41.55. Solve: (a) The wavelength is
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(b) The energy per photon is Eph  1.17 eV  1.87 ( 1019 J. The power output of the laser is the number of photons per second times the energy per photon:

P  (1.0 ( 1019 s1)(1.87 ( 1019 J)  1.87 J/s  1.87 W
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