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m #4
n(to9):= {eval, evec} = Eigensystem[h = ({0, -a, -a}, {-a, 0, -a}, {-a, -a, 0}}]
ouft09= {{-2a, a, a}, {{1, 1,1}, {-1,0, 1}, {-1,1,0}}}

mj110= p = {{0, 1, O}, {0, O, 1}, {1, O, O}};
p-conj[p'] (xtest for Hermitianx)

ouftti= {{0, 1, -1}, {-1, 0, 1}, {1, -1, 0}}
so p is not Hermitian

mfi12= h.p-p.h // Simplify
out12= {{0, 0, 0}, {0, O, 0}, {0, O, O}}

so p commutes with h

inf113]= {ps, pkets} = Eigensystem[p] // Simplify
1 1
Out[113]= {{l, ;: i (1+\/3 ), ——2— 1 (-1+«/3 )},
1 1 1
{{11 1, 1}, {; i (J'l+\/3 ), —; i (—J'L+'\/3 ), l}, {-—5 i
Inj114]= pbras = Inverse[pkets™] // Simplify

oulf114j= {{—1, —1: E}, {-E i (-i‘f\/—;)' _2 i (’“\/?)' E}’ {i . (i+\/?)’ - (—iﬂ/?)' —;}}
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Check that the eigenstates of p are eigenstates of h

in(115)= pbras.h.pkets” // Simplify // MatrixForm

Out{115)//MatrixForm=

-2a 0 0
0 a0
0 0 a

so the eigenvectors of p indeed are eigenvectors of h with the correct eigenvalues

u #5

inft16p= B=4 b (p-p")

ouftie= {{0, 1 b, -ib}, {-1b, 0, 1 b}, {1b, -1b, 0}}
Inf117= B~ conj [BT] // Simplify

ouft17= {{0, 0, 0}, {0, O, 0}, {O, 0, O}}

so B is Hermitian. Therefore it is a possible observable.

n118)= B.h-h.B // Simplify
ouf1g= {{0, 0, 0}, {0, O, O}, {0, O, 0}}
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so B commutes with H.

imn119]= {Bs, Bkets} = Eigensystem[B] // Simplify

Out{119]= {{O, —\/?b, \/?b},
3030 G i3] B3 (o),
m120p= Bbras = Inverse[Bkets"] // Simplify

outf120)= {{E, E, i}, {-E 1 (—i+\/_3_), —; i
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m(121):= Bbras.h.Bkets” // Simplify

owi21= {{-2a, 0,0}, {0, &, 0}, {0, O, a}}
so the eigenvectors of B are also eigenvectors of H. The energies of H’ are just the sum of those of H and B:

inj122]= Diagonal [Bbras. (h + B) .Bkets™ // Simplify]

oulf122)= {—2 a, a—\/3—b, a+\/?b}



