Homework 02

Harris Ch 7 Spin and Atomic Physics



Due Date: Fri 8 Feb 2008

1. Harris 7.1  p 337

2.  Harris 7.5 p 337

3.  Number of Terms in the antisymmetrized wavefunction.  (Adapted from Harris 7.10)

a.  

The number of terms in the properly antisymmetrized wave function for two indistinguishable particles is 2.  (See Harris eqn 7-17 pg 300)   

The number of terms in the properly antisymmetrized wave function for three indistinguishable particles is 6. 

Provide justification for the fact that there are N! terms in the properly antisymmetrized wave function for N indistinguishable particles.

b.  Fill in the following table.   You may need to use “Stirling’s formula” to estimate N!.

	Atom
	Number of electrons
	N!

	He
	2
	

	Ne
	10
	

	Ar
	18
	

	Kr
	36
	

	Xe
	54
	

	Rn
	86
	


Moral of the Story: properly antisymmetrizing wavefunctions is a major problem in computational quantum mechanics.  Most of the time, it’s more of a hassle than dealing with the approximations made for the potential energy function.

4.  Harris 7.10 p 337

5.  Harris 7.15 p338

6.  Harris 7.19 p338

7.  Our atomic system is a hydrogen atom with one electron.  The electron has orbital angular momentum L and intrinsic spin S.   The total angular momentum is defined as
 J = L + S.   Fill in the table below of allowed values of the missing quantum number j, 
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, or s in each row.
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8. Our system is a helium atom with two electrons.  The electrons have orbital angular momentum L1 and L2 (described by
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1,
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2) and intrinsic spins S1 and S2 .   We can define the summed orbital angular momentum as Ltot  = L1 + L2.  We can define the summed intrinsic spin as Stot  = S1 + S2.  In the two tables below, fill in the missing quantum numbers.
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9.  Harris 7.20 p338

10.  Harris 7.24 p338

11.  Harris 7.30 p339
12.  Suppose Ltot = L1 + L2, with 
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= 1 and  
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= 2,

a) What are the allowed values for 
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 ?

b)  For each 
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  in part a), what are the allowed substates 
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m

?

c)  What is the length of Ltot in the aligned configuration?

d)  What is the length of Ltot in the jack-knife configuration?

13.  Suppose Ltot = L1 + L2, with 
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= 2 and  
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= 0,

a) What are the allowed values for 
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 ?

b)  For each 
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  in part a), what are the allowed substates 
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m

?

14.  Suppose Ltot = L1 + L2, with 
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 = 3 and 
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= 2,

a) What is the value for 
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 if L1 + L2 are in the aligned configuration?

b) What is the value for 
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 if L1 + L2 are in the jack-knife configuration?
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