Solid State Magnetism 4 December 2016

Assignment 6: Various aspects of quantum magnetism

1. The Hamiltonian for a spin system is given by:
1<j i<j
Assume all the pairwise Heisenberg coupling constants J and the Ising coupling con-
stants K are the same. Only next neighbor interactions are operative.
(a) Use the second quantization formalism to derive the dispersion relation for

magnons.

(b) What is the dispersion relation for a one-dimensional spin chain in the (i) general
case, (ii) when K = 0 and (iii) when J = 07
(c) Derive the dispersion relation for spins arranged on a two-dimensional square

lattice.

2. Consider a spin-1/2 paramagnetic system with isolated spins placed inside a magnetic
field. Using the partition function, derive and plot the internal energy, heat capacity

and entropy of the system.

3. The dispersion relation for spin waves is given by w = ak™. How does the heat capacity

vary as a function of temperature T for a d-dimensional system, where d = 1, 2, 37

4. Consider an Ising chain in one dimension. The Hamiltonian is

H - _QJZSi7ZSi+17Z' (2)

i<j
(a) Define the operator ¢; = gﬁzgiﬂyz. What are its eigenvalues? (Assume i = 1).
(b) Find the partition function of the system.

(c) What is the probability that inside a pair of spins, both spins are parallel? Sketch

this probability as a function of temperature.

(d) Find the probability that M consecutive spins are parallel. How does this prob-
ability change with M?
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