Physics 428                                                                                Problem Assignment #2
Introduction to Astrophysics II                                  Due:  Friday, January 30, 2009
THE  ZEEMAN  EFFECT (36 points possible)  
1.  The spectral line λ4878.1 Å of Ca I is produced in a transition between a 41Fo3  upper state and a 31D2 
     lower state. (12 points possible)

(a) Give S, L and J and find the Landé g-factor for each term.  (2 points, ¼ point per item)
(b) Write an expression giving the energy shift ΔE which occurs in the presence of an 
      external magnetic field for the levels of each term.  (½ point, ¼ point for each term)
(c)  For an arbitrary external field draw to scale the splitting which occurs within each term. 
      (Draw both terms to the same scale; the separation between the terms need not be to 
      scale.)  Give MJ for each level.  (2½ points, 1 for number of levels, 1 for scale and ½ for 
      MJ values)
(d) On your drawing show all transitions which are permitted by the selection rules.  Give ΔMJ  
       [defined in the sense MJ (upper) - MJ (lower)] for each and indicate whether each transition
       is π or σ.  Label the transitions 1, 2, . . . , n and write an expression for the frequency of each, 
       νi, in terms of the frequency in the absence of a field, ν0, and Δν = eH/4πmec, where H is the 
       magnetic flux density in gauss.  Into how many distinguishable Zeeman components does 
       the spectral line associated with the two terms split?  (3½ points, 1 for depiction of 
       transitions, also see figure above)
(e)  Draw to scale the appearance of the Zeeman-split spectral line in emission.  Indicate the 
      direction of increasing frequency.  Label each of the Zeeman components as π or σ and 
       indicate the transition(s), 1, 2, . . . , n, with which it is associated.  Show for purposes of 
       comparison:  (2 points)

(i)   the position of the associated line in the absence of a field,
            (ii)  the pattern which would be seen by an observer looking parallel to the field lines, 
                   and

(iii) the pattern which would be seen by an observer looking normally across the field 

       lines.
(f)  Is this example a case of the “normal” or “anomalous” Zeeman effect?  (½)
(g) Suppose the total separation between the most widespread Zeeman components is 1 Å.  What 
      is the field strength? (1 point)

2.  Repeat the steps of problem 1 for the line 4454.7 Å of Ca I, which is produced in a transition between 
     a 43D3 upper state and a 43Po2 lower state.

(a) Give S, L and J and find the Landé g-factor for each term.  (2 points, ¼ point per item)

(b) Write an expression giving the energy shift ΔE which occurs in the presence of an external 
                 magnetic field for the levels of each term.  (½ point, ¼ point for each term)

(c) For an arbitrary external field draw to scale the splitting which occurs within each term. 
                 (Draw both terms to the same scale; the separation between the terms need not be to scale.)  
                 Give MJ for each level.  (2½ points, 1 for number of levels, 1 for scale and ½ for MJ values)

(d)  On your drawing show all transitions which are permitted by the selection rules.  Give

       ΔMJ  [defined in the sense MJ (upper) - MJ (lower)] for each and indicate whether each 
                   transition is π or σ.  Label the transitions 1, 2, . . . , n and write an expression for the 

       frequency of each, νi, in terms of the frequency in the absence of a field, ν0, and 

       Δν = eH/4πmec, where H is the magnetic flux density in gauss.  Into how many 

       distinguishable Zeeman components does the spectral line associated with the two terms 
                   split?  (3½ points, 1 for depiction of transitions, also see figure above)
 

(e)  Draw to scale the appearance of the Zeeman-split spectral line in emission.  Indicate 

      the direction of increasing frequency.  Label each of the Zeeman components as π or σ and 

      indicate the transition(s), 1, 2, . . . , n, with which it is associated.  Show for purposes of
                  comparison:  (2 points)


(i)  the position of the associated line in the absence of a field,


(ii)  the pattern which would be seen by an observer looking parallel to the field lines, and


(iii) the pattern which would be seen by an observer looking normally across the field 


       lines.

(f)  Is this example a case of the “normal” or “anomalous” Zeeman effect?  (½)  

(g) Suppose the total separation between the most widespread Zeeman components is 1 Å.  What 

      is the field strength? (1 point)
3.  Repeat the steps of problem 1 for the line 5172.7 Å of Mg I, which is produced in a transition 
     between a 43S1 upper state and a 33Po1 lower state. 

(a) Give S, L and J and find the Landé g-factor for each term.  (2 points, ¼ point per item)

(b) Write an expression giving the energy shift ΔE which occurs in the presence of an external 

      magnetic field for the levels of each term.  (½ point, ¼ point for each term)

(c) For an arbitrary external field draw to scale the splitting which occurs within each term. 
                 (Draw both terms to the same scale; the separation between the terms need not be to scale.)  

     Give MJ for each level.  (2½ points, 1 for number of levels, 1 for scale and ½ for MJ values)

(d) On your drawing show all transitions which are permitted by the selection rules.  Give

      ΔMJ  [defined in the sense MJ (upper) - MJ (lower)] for each and indicate whether each 

      transition is π or σ.  Label the transitions 1, 2, . . . , n and write an expression for the 

      frequency of each, νi, in terms of the frequency in the absence of a field, ν0, and 

      Δν = eH/4πmec, where H is the magnetic flux density in gauss.  Into how many 

      distinguishable Zeeman components does the spectral line associated with the two terms 

      split?  (3½ points, 1 for depiction of transitions, also see figure above) 

(e)  Draw to scale the appearance of the Zeeman-split spectral line in emission.  Indicate the 

      direction of increasing frequency.  Label each of the Zeeman components as π or σ and 

       indicate the transition(s), 1, 2, . . . , n, with which it is associated.  Show for purposes

      of comparison:  (2 points)


(i)   the position of the associated line in the absence of a field,


(ii)  the pattern which would be seen by an observer looking parallel to the field lines, and


(iii) the pattern which would be seen by an observer looking normally across the field 


       lines.

(f)  Is this example a case of the “normal” or “anomalous” Zeeman effect?  (½)

(g) Suppose the total separation between the most widespread Zeeman components is 1 Å.  What 

      is the field strength? (1 point)















































































































































































































