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Exercise 1) Tensor Product Representations

The n-fold tensor product representation is given by
VE": SU(2) — SU(2™)
g — g®n )
By exercise 2 of problem set 3 the corresponding Lie algebra representation v™ : su(2) — su(2")

is given by

d o on . .d . n
ar— — 2£V1® (exp(ita))|i=o0 = —zﬁ(exp(zta))@) lt=0

=a®1®..91+1®ae®l®..01l+.. +1®..01®a.

Exercise 2) Schur Transform

Because the weight of the vectors is additive we can get
2(i1+i2—|—...—|—in)—n:2l—k,

where the LHS is the weight of |i1) ® |i2) ® ... ® i) and the RHS is the weight of |k, ). This
gives
kE—n
1
. )

Therefore the output depends on k. If k is known the measurement of [ will yield the correspon-
ding value in (1). Otherwise all values in (1) can appear (and each with a certain proability).

l=d1+ia+...+i,+

For n = 2 the Schur transform is given by the following circuit:

1) ® k)
|i1) D P 1)
|ia) Uty p)

where
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The input |ijig) = %(]01) —]10)) can now be calculated to give the output |k,1) = |0,0).

oS

Alike the input [|iie) = |00) gives the output |k,I) = [2,0), |i1is) = 12(|01> + |10)) gives
|k, 1y =12,1) and |iig) = |1,1) gives |k,l) = [2,2).

S

For n = 3 the circuit for the Schur transform is given by

1) — — k)
li1) — Uca Ucc — )
li2) — — [p1) li3) — — |p2)

It is now easy to see that the input |i1i2iz) = [111) is needed to get the output |k,1) = |3, 3).
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Exercise 3) Asymptotic Behavior of m}

By Stirling’s approximation we have for n — oo that

n n 2k + 2 n! 2k +2
mk:<w>'(n+k+2):( nRY(EE) ot k42
N V2mn - () 2k + 2
VAl Rl R ()T (k) nh k42

Hence we get for k = n - ¢ that

(2™ 2cn + 2

e

\/7 \/nl—c l-l-c).(ﬂ.%)w.(ﬂ.%)w ‘n(l+¢)+2

€ €

_ l (l—c) n(12—c)‘(1—|—c)_n(12+c)‘ 2cn + 2
B (1+c2) n 2 2 n(l+c)+2°

Finally we get

1 (I1—-2¢) 1—c¢c, (1+¢) l+ec,  1-c
Jim -~ log(my) = ———— -log - : = ) -
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