Exercise sheet 2
Theoretical Physics 5 : SS 2023

24.04.2023
Write your name and your tutor’s name on every page you hand in. Please staple said

pages together.

Exercise 0.

How much time did you take to complete this homework sheet?

Exercise 1. (40 points): Boson wave-functions

Explicitly write the following N-boson wave functions in terms of single-boson wave
functions ;(z;)

a) (10 p) (1)0300...0(1'1, 9, 1‘3)

b) (10 p.) P3010..0(z1, T2, T3, 74)

¢) (10 p.) Porno..0(71, 72,73, 74)
You should have found that the answer to question la consisted of one term only. How

many terms will the following wave functions contain? Do not write the wave functions
explicitly!

d) (5 p) @1220.._0(171, e ,ZE5)

e) (5 p.) (1’5061~-0(9€1> e 79512)



Exercise 2. (60 points): The second-quantized poten-
tial

The Hamiltonian for an N-particle system is given by

N
H:ZHO(xk ZZV ZL’k,{L‘l

k=1 2100
1£k

In the lecture notes you have seen that in the second-quantized formalism the first term
can be rewritten as

Ffo = Z<i|H0|j>CzTCj-

7:7j
In this exercise we are going to show that the potential term can be rewritten into

V= Z(zy|V|kl)c ciciC.

i7j7k7l

a) (10 p.) Starting from

\I’({L‘l,...,l']v,t) = Z C(Ojl,...,&N,t)wal(fL’l)...’QUQN(JZN),
Q] ey QN
ih@tllf(xl, ce ,.I’N,t) = H\I/(Il, PN ,ZL‘N,t)
derive the differential equation for the coefficients C(ay, ..., ay,t),

ih0,C(ay, ..., an,t)

N
:ZZ Ofk-|H0|OéW O(al,...,O{k_l,O[W,O{k+1,...,aN,t)
k=1 aw
1 N N
+§ZZZZ Ozkoq|V|onaW)
k=11=1 aWa
I#k
XC<0417"'7051671705W704k+17"'7al71704§/11aal+1’--'704N7t)'

b) (20 p.) Show that one can rewrite the potential term into

1

*ZZZZW = 0i3) iV |k1)

><C(nl,...,ni—1,...,nk+1,...,nj—1,...,nl—|—1,...,noo,t),

[\]

where C' is defined as in the lecture notes.

(Hint: if you are stuck, take a look at the suggested literature for this course.)
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c) (10 p.) Use

] NIO\Y?
f(n, ... nee,t) = C(na, ..., neo, t) (m'm.d)

to derive a differential equation for f.

d) (20 p.) By acting with the potential term on the state

T) = > flni,... neo, t) 0y neo)

show that



