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Quantum Field Theory of Many-Particle Systems - Problem Set 5
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Due: The problem set will be discussed in the tutorial on Wednesday, 10.05.2017,
13:30

Internet: The problem sets can be downloaded from
http://home.uni-leipzig.de/stp/QFT_of MPS_SS17.html

9. Gaussian integrals 1424241 Punkte

In this problem we will consider different generalisations of the standard Gaussian integral.
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where Rea > 0.

b) Generalise the above integral by adding a so-called source term in the exponent. That

is calculate
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a) To begin with show that

c) Now let x and J be N-dimensional real vectors, and let A be an N x N matrix. Show
that the multi-dimensional analogues of the integrals in parts a and b become
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and
/dx e~ 2X AxHITx (QW)N/zdetA_l/Qe%JTAilJ.

d) What are the analoguous expressions if x and J are complex vectors and A is a complex
matrix?


http://home.uni-leipzig.de/stp/QFT_of_MPS_SS17.html

10. Wick’s theorem 2+4+2+2 Punkte

In this problem we will derive a version of Wick’s theorem which plays an important role in
quantum field theories. To do this let x be an N-dimensional real vector and let A be an N x N
matrix. Furthermore define the “expectation value”
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a) Using the results from the previous problem, or otherwise, show that
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where x; is the i’th element of x and Ai_j1 is the ij’th element of the matrix A~!.
b) Likewise show that
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c) Generalise the above to the product of 2n elements of x.

11. Equation of motion for the Green function of an interacting
system 3+5 Punkte

(a) Define the time-ordering operator 1" for a fermionic and a bosonic system.

(b) Consider the following Hamiltonian in second quantisation,
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where €(r) = —%V% + U(r) — p represents the one-particle contribution to the Hamilto-
nian, and V(r — r’) is a two-body interaction. Using the Heisenberg equation of motion
hip(r,t) = i[H, (r,t)] for the (either fermionic or bosonic) field operator ¥ (r, t), show that
the time-ordered Green function G(r,t;x',t') = —i(T%(r,t)y!(r/,t')) obeys the following
equation of motion

[ih; - e(r)} G(r,t;v' t") = hé(t —t')o(r — 1)

— i/d3r"V(r — r”)(Tz/ﬂL(r”, (" )y(r, t)1/JT(I'/, ).

Hint: The following identity for commutators may be useful:

[AB,¢] = A[B, Y|+ F [A,¢]+B.



