
(7) T. Kishi and K. Kubo, J. Phys. Soc. Jpn. 58. 2547(1989)

** ·4o/Jf~UJf ~ H3 '* ~

ilJlI. 1~~*O)'~T~ {iIIi~T*O)'&lTO)rB'~::~~1.Jf8~::51 tJiJ<i1J ~ -j ~ J: -j tJ:~~4o/J~O)PJff~f~~

m~ Lt.:: o I) *~MC'£j:, -1iJSt~::, *~*~{;$:O){dfim-TiJ<f~~mTe5ItJEf{J~::*5U'-:><C- c ~::J: ~ L,

~ L ~ \*~o)'~-TXiJfSpX::lJfPJff~C'® ~ =. ~ ~tf; L t.::iJ<, =,O)~ L~ \mTxitj:, fjt*O):7 -/'~-xie 'j:,

~ <:W:tJ: --::> t.::t~~~ffl ~ L~\ ~o ~ i"m 1 ~::, :7 -/{-x;f'j:H~rB'BZ~xiffFtJ:~:ktL~rB'O)'" YC' J5 ~ 0)

~::xi L, ~,j:I'~ I) T -1 o)~/J: ~~:kft~ra'O)'" YC'(j) ~, :J'tn-&~o)~~'::tj:, -to)~~f~iJ<mt>tt~.::.

eiJ{Mffl:~n~o X, Xi:Jf;JJJHj:, £\"9 L t, 2 (XO)fEI,~~~::~NGtt"9, 1 (XfEI~~':: ttJ: tJ -j ~ C

e, J!~::, :7-/{-xiO)B~':'~O:IJ\nt.::~\JS~\JStJ:universal reations ti., -tJJffl(:~:lLt.::tJ:~\'::'

e tJ: c'-rJ5 ~o ? 1 A -j--~1.J~,:.-:>t \L t, :7 -/{-xi£j:, ~O)im~~b --::> t,::~TO):xtO)t.::Q'), ;~

tIJ~ttO)~;'J~~::xi-t ~~~ t-;t5C~t:'iJ<' 4-O)~{~dj: -t "5 C'tJ: t \t.::Q'), 5C~tJ:~ ~ -rtj:tJ: <tJ: ~o*'

t.::, /'-: / r:'O):Jf;-'?, '" y I) /7"O);f T / ~ -t' J!..ro)* ~ 2: t:. J: --::> L ,-;t, 0 / r:' /::0f¥r\O){*~O)r-F-5

1J{~~ L, ? -1 A -j--~1.J~-r£j:tJ: <, rttf~7'J<WfJb~,::~mrr:p':'@:A -t~ J: "5 tJ:~~Hi:~:jj\tL~ tT' § 2:

ttt.:: o

,V)J:0)J:"5 t::, 1iffim-Tcfi:~mT~O)xiff~px:'j:, ttHi:~trJfJ!E'::fJTLt\nijlID~t:o<.:. e7'J{T1!!~n,

C- n':.mJJl-t ~4o/JjfO)~Jt (j) ~ l \ 'j:~JJXiJ{%i <WH~2: n~o
1) Y. Takada snd M. Kohmoto, Phys. Rev. B41, 8872 (1990)

Spectrum and the Quantum Hal I Effect on the Square Lattice

with Next-Nearest-Neighbor Hopping

We study the energy spectrum and the Hall effect of electrons on the square lattice

with next-nearest-neighbor(NNN) hopping as well as nearest-neighbor hopping. This lattice

includes the triangular as a special case. We study the system under general rational

values of magnetic flux unit per unit cell¢=~. The structure of the secular equation

is studied in detail and the k dependence of the energy is analytically obtained. In the

absence of NNN hopping, the two bands at the center touch for q even, thus the Hall

conductance is not well defined at half filling. An energy gap opens there by introducing

NNN hoping. When¢= ~, the NNN model coincides with the mean field Hamiltonian for the
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chiral spin state proposed by Wen. Wilczek and Zee [Phys. Rev. 839, 11413(1989)] At

half filling for q even. the Hall conductance is calculated from the Diophantine equation.
and the E-cf> diagram. We also explicitly calculate the Hall conductance for cf>=~ using

the wave function. We find that gaps close for other fillings at certain values of NNN

hopping strength. The quantized value of the Hall conductance changes once this phenomena

occurs.
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