QUANTUM INFORMATION METHODS FOR MANY-BoDY PHYSICS
Xhek Turkeshi, Markus Heinrich

Exercise Sheet 1 Due: 17 April, 10:00

1 Products of permutations (2 P)

For each pair of permutations, compute their products p = ¢ - T and 77 = 7 - 0. Deduce which are
commuting.

a) (o5P)
0_1234 T_1234
2341 - \4 31 2
b) (o.5P)
(1234 __ (1234
~\1 2 4 3 ~\2 1 4 3
¢) (o5P)
1 23 45 1 2 3 45
(— T =
(14235) (52341)
d) (o5P)
(7_123456 T_123456
~\2 135 6 4 356241

2 Inverse of Permutations (1.5 P)

Compute the inverse o1 of the following permutations

a) (o.5P)
_ 1 23 456
~\6 43251
b) (0.5P)
o 123 4567
- \5 237641
c) (o5P)
o 123 45678
~\32857 146

3 Cycle Decomposition of Permutations (2.5 P)

For each permutation, find the cycle decomposition. Deduce the cycle structure and the number of
cycles.

a) (o5P)
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b) (0.5P)
v 123 4567
- \5 412367
c) (o5P)
o 123 456 78
~\7 45216 338
d) (o5P)
oo 1234567 89
8 56 412937
e) (o.5P)
o 1234 5 67 89 10
~\8249 1057631

4 Invariance of Cycle Structure under Conjugation (2 P)

Show that conjugation preserves the cycle structure of a permutation. That is, for any o, 7w € Sy,
prove that

AMmron™t) = A(0).

5 Traces of Permutation Representation (5 P)

Consider the natural representation R, of permutations o € Sy acting on H®¥, with H a Hilbert
space of dimension d. Compute the trace

G(o) = tr(Ry) (1)

of the following permutations using two different methods: 1) Using the definition of the trace, and
2) using graphical calculus.

a) P
o= (1,4,2)(3)
b) 1 P)
o= (1,2)(3,4,5)
c) 1P)
o= (1)(2,6,4,3,5)
d) 1P)
(1234567
“Z\67 215 3 4
e) 1P)
,_(12345678
\3 8524176
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