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NOTE 1: Answer all the 7 questions. Use the same symbols/notation given in the
questions. Choose only one correct answer for questions 1 to 3.
NOTE 2: If you are sketching a graph, label the axes. No marks if axes are not labelled.
No partial marks for questions 1 to 3. Write clearly and legibly.

wmsists of 3 electrons; one

/
1. A system cach in 1s, 1p and 1f states. W% the Hilbert space

this, ¢ and 8 are parameteps;

(a) Upper bound to-the ground state energy by parameters n
(b) Lower Imu/ the ground state energy by !Hl-!.'i.}llt("-Ll'-'/( r
(c) Exact miafid state energy by varying parameter (J:

(d) Appfaximate ground state energy by varying pgffimeters o and 8.
(e} Pper bound to the ground state energy Ly paramelers a and /¥

o

3. There are two particles in a harmonic oscillator potential. Consider all the states with energies
E < 5hw. Let My be the total number of states when particles are distinguishable, M, be the
number of states if the particles are bosons, and M ¢ be the number of states if the particles
are fermions. Then, correct values of (Mg, My, My) is ? (2)

(a) (15,8,5).
(b) (15,7,6).
(c) (15,9,5).
(15,9,6).
(e) (15,8,6).

4. Which of the following is the correct consequence of the Pauli Exclusion Principle? (2)

Two fermions cannot be in the same state even if they are at different positions.
(b) Fermions need not have definite symmetry since their states may be different.
{(¢) Two fermions can be in the same state provided they are at different positions.
(d) Two fermions cannot have the same total energy.
(e) Two bosons cannot be in the same position at the same time. Jd
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For the MCQs 1-4 given above, write yoqf&' answer only inside the boxes here:

1 2 3l d 4l

5. Consider three fermions in states ¥y, (z), ¥n,(z) and ¥p,(z). What is the normalised state of
this system. If n; = ny = n, then what is the corresponding state. (3)
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6. For an electron in the spin state

Find the expectation value S;. (3)

7. For two spin system with s; = 1, and s2 = 1. (a) Write down all the product states. (b) Write

down all the coupled states in the notation |s, m). (c) Derive an expression for |1,0) in terms of
product states. (14-2+3)

Start writing your answers for questions 6 and 7 below
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