
Physics 653                                                                                          Spring 2023 

 

Homework #5 

 (due Wednesday, May 17, 2023) 

 

1. (10 pts) Imagine a situation in which there are three particles and only three 

states a,b, and c available to them. What is the total number of allowed, 

distinct configurations for the following systems: 

 

(a) labeled (i.e. distinguishable) particles 

(b) identical bosons 

(c) identical fermions 

 

2. (10 pts) Two non-interacting particles, with the same mass m, are in a 1D box 

of length 2a.   

(a) What are the values of the three lowest energies of the system? 

 

(b) What are the degeneracies of these energy levels if the two particles are: 

          (i) identical, with spin ½; 

        (ii) not identical, but both have spin ½; 

      (iii) identical, with spin 1. 

Note: the total wavefunction will have both the spatial and the spin part. 

(c)write out examples of total wavefunctions for (i)-(iii) of (b).  

 

3. (10 pts) Work through Sakurai pp.438-439 to derive energy correction for the 

ground state of helium atom using perturbation theory. Show your derivation 

step by step. 

 

4.  (10 pts) Work through Sakurai p.439 to derive ground-state energy using the 

variational method. 

 



5. Reading assignment: Sakurai 7.1-7.4. 

 

The following “problem” is partially due on Wednesday (May 24) and 

partially due Wednesday June 7/Friday June 9. 

1. On Wednesday and Friday June 7 and June 9 (last two classes), we will have a 

little celebration of the end of the term and academic year so let’s make it 

special. I would like you to present a topic of your choice that is related to 

modern research and is based on principles of quantum mechanics. I suggest 

that we divide into 5 groups (10 people in the class, so 2 people per group), so 

each group chooses a topic and makes a group presentation (~12 min 

presentation + ~3 min discussion). By May 24, please have ready (and 

submit separately from the rest of the assignment due on that day): 

1) choose a topic/effect/theoretical or experimental result/… of interest to you 

(either from your own research or from recent papers in PRL, Nature, 

Science,…)    

2) Abstract and outline of the presentation 

3) References you will base your presentation on (to be distributed to people who 

are not a part of your group and to me), so that everyone who is not involved 

in your presentation could get familiar with your topic and ask you questions 

after your presentation. 

 

 


