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where 57
number of sit; s L. Denoting the two possible eigenstates of the S7

(a) Write down the possible ground state(s) when h

(b) Write down the possible ground state(s) when h — oo, i.e., when J can be neglected.

(c) Interpret physically the above two cases in terms of spin polarization. Support your conclusion by
lating the total magnetization in the z—direction, E,. 7), where (---) denotes the average in the grc
state at 7' = 0. If you have done all the steps so far correctly, you will realize that the two limits desc
two different p

(1)

are the z, 2 projections of the spin operator at site j, J and h are positive constants, and the total

as | 1;) and | J;), answer the following.

alcu-
und
ibe

(d) Let us calculate the excitation spectrum of this model. In class we found that excitations of the Heisenberg
model can be studied by using the Holstein-Primakoff transformation where the excitations are treated a;
Bosons. The spin-1 > considered here is a rather special case where one can treat it as a Fermionic

object. Why? Because you can flip a spin-1/2 object only once unlike higher spins. Thus, we
that the down spin is the Fermionic vacuum, and the up spin is a state where one Fermion has been ¢

o), implying

how that

and
Now we can use the above expressions in H and calculate. However, before doing so, we need to go thrc
two more step: . because the total energy does not depend on how we define our coordinate a:
in Eq. (1) to write

H=-J> 8885, —h)
j

j

ugh
we

(4)

Second, we need to know how to properly extend Eqs.(3) to the lattice. This is achieved by the following

set of transformations:

9:12 AM  Sun 15 May

< O

age

object. Wk
that the dow

B =10)

this, show that

ow we can use the above

two more steps. First, because the total energy does not depend on how we define our coordinate axes, we

can interchange z ¢ z in Eq. (1) to write

H IR DY
;

(4)

Second, we need to know how to proj v extend Eqgs.(3) to the lattice. This is achieved by the following

of transformations:

Use Egs. (5) in (4) to show that, in terms of the Fermionic operators ¢; and ¢/, H can be expressed as

J . :
H=7 Sles = e ejpn + i) = hD el

i

(6)

As usual, go to the Fourier space and rewrite H. If you have done correctly, you will find it of the form

- 7k‘k):|v

Find vy and

Finally, diagonalize the above expression to find the excitation spectrum. Comment and interpr
the spectrum is gapped or not.

(7)

et whether

= @ 84% @m)
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