ELEMENTS OF QUANTUM MECHANICS - EXAMPLES CLASS 3
SOLUTION

Q1)
0,0,0 is ground state energy (3/2)hw degeneracy 1 (non-degenrate)

0,0,1, and 0,1,0 and 1,0,0 all have energies (5/2)hw so degeneracy 3

0,0,2 and 0,2,0 and 2,0,0 and 0,1,1 and 1,0,1 and 1,1,0 all have energies (7/2)hw so
degeneracy 6

0,1,2 and 0,2,1 and 1,0,2 and 1,2,0 and 2,0,1 and 2,1,0 and 3,0,0 and 0,0,3 and 0,3,0, and
1,1,1 all have energies (9/2)hw so degeneracy 10
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la_,a.] = a_ara, —a_ = A*(ip+mwz)(—ip+mwz) — A*(—ip +mwz)(ip + mwx)

= A?[(ip.mwzx + mwx. — ip) — (—ip.mwx + mwz.ip)]

= A*mwi(pr — xp + pr — xp) = A*mwi2lp, ] 2mwi(—ih) =1
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or a better way is to keep it as commutators

= A*([ip, —ip] + [ip, mwz] + [mwz, —ip] + [mwz, mwz])

= A% (imw(p, 2] — imw|z, p]) = —A%imw(z, p] = —2A%mwih = 1

iii) ay + a_ = A(—ip + mwzx + ip + mwz) = 2Amwzx so
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