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Pathology of the fermionic representation of transverse Ising model

GUO Xiao-Ting, LI Peng
( College of Physical Science and Technology, Sichuan University,Chengdu 610064, China)

Abstract;: When studying the quantum Ising chain in a transverse field, we usually transform the spin
operators to fermion operators by applying the Jordan—Wigner transformation, i. e. we take it for gran-
ted that the spin model and corresponding fermionic model are equivalent naively. But deliberate treat-
ment could reveal that the equivalence accompanies some delicate conditions. Redundant degrees of free-
dom should be projected out carefully, especially for finite length of chain. In this paper, we compare
the two models in detail so as to find the conditions of equivalence of them, including the interaction, the
boundary conditions, and odevity of the number of lattice sites. We also exemplify in detail how to pro-
ject out the redundant degrees of freedom for the fermionic representation.
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Fig.1 The energy levels and degeneracy of theanti-
ferromagnetic chain with odd number of sites
(N =3, periodic boundary condition).

(a) for the fermion model, where “X” marks the redundant

degrees of freedom that needs to be projected out. (b) for

the spin model.
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