
An important equation for the Anderson model

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1995 J. Phys.: Condens. Matter 7 867

(http://iopscience.iop.org/0953-8984/7/5/008)

Download details:

IP Address: 171.66.16.179

The article was downloaded on 13/05/2010 at 11:49

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/7/5
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. Phys.: Candens. Matter 7 (1995) 867-871. Printed in the UK 

An important equation for the Anderson model 

Baohua Teng 
Department of Physics, Chengdu University of Science and Technology, Chengdu, Sichuan 
610065, People's Republic of China 

Received 26 August 1994, in final form 19 October 1994 

Abstraet This paper proves an important equation for the Anderson model. Then, using this 
equation we deal exactly with the Anderson model and obtain the exact analytical expression 
for the ground-stbe energy..This result coincides with the result of the Bethe anmtr. 

1. Introduction 

The Anderson [ 11 model is an important topic in condensed-matter physics. It has been 
dealt with by many approximate methods 12-41, Although Andrei 151 and Wiegmann [6] 
solved the Anderson model exactly within the framework of the Bethe ansatz, they cannot 
give exact analytical expressions for the physical quantities concerned with the model. 

This paper deals with two features. First, we have proved an important equation for the 
Anderson model. Then, using this equation, we exactly solve the Anderson Hamiltonian 
and obtain the exact analytical expression for the ground-state energy of the model. 
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and the equation of ensemble average given by 

in the usual way [7]. 

Anderson model. 

- ( l / z ) I m ~ ~ ~ > ~ ~ ( o + i O ) J  and -(l/r)Im[F~~,u(w+iO)] to the same extent. 

temperature, ( n d - d ~ d ~ )  is continuously decreasing while U increases; thus 

Now we prove that an important equation holds, i.e. that r&(o) = Fdd,.,(w) for the 

Fustly, according to equation (7). the double occupation ( ~ d - ~ n d ~ )  is decided by 

Secondly, according to the physical meaning of the Anderson model, at a certain 

Therefore let 0 < UI c U2 < . . . < UN c CO; at a certain temperature we have 

. *m 

where i .c j = 2 , 3 , .  . . , N. So -(l/r)Im[F&(w + io)] and -(I/H) Im[Fdd,,(w + io)] 
are some peak-lie distributions whose locations are related to U. 

Thirdly, according to equation (7) and the well known formula 

Y P2 7n4 
6 360 

m 

f(w-&,-)A(~) dm A(m) do+-T2A'(&,-)+-T4A"'(~~)+. . . 

we have 
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where A(@) = - ( l / ~ ) I m [ ~ $ ) , ~ ( ~  + io)] and B(o) = -(l/ir)Im[Fdd,,(o +io)]. 
Because U is not related to cl and according to equations (2)<6), neither nor 

Fdd,-(m) is the explicitfunction with respect to 8s; solving equation (86) for arbitrary E ( ,  

and using equation (8u), we obtain A ( o )  = E ( @ ) .  
Finally, using 

p Sm Im[G(o' + io)] 
IT -m 0-0' 

Re[G(w + io)] = - dw' 

~ 

we come to the conclusion that 
~ 

(I) rdd.< (0) = F ~ ~ . ~  (0) 

holds exactly for the Anderson model. 

3. The ground-state energy of the Anderson model 

Using equation (9), we can determine the exact solutions of the Anderson Hamiltonian: 

In order to calculate the ground-state energy, we take the density of the conduction band 
as 

otherwise P ( E k )  = 

and assume that V2d = V z  and D >> I E ~ ] ,  U ,  V .  Thus, according to the above equations, 
the ground-state energy~of the Anderson model can be given as 

-"I U 
E,  E ( H ) ( T  = 0) = Es(U = 0) + 2(& - &s)(nds) + -hio) cot-' 

IT 

(15) 

where E,(U = ~ O )  and A are taken from the work of Yamada [21. In the calculation U is 
limited to a finite quantity. 
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Figure 1. Plots of the ground-mte energies given by Yamada (curve 1) and quation (16) 
(culve 2). 

In the following we take the symmetric Anderson model 121 (i.e. && + U / 2  = q) for 
example. If we introduce the reduced quantity E = C/rr A, the ground-state energy can be 
written as 

Here we compare the ground-state energies given by Yamada [2] and equation (16) for the 
symme@ic Anderson model, which may be obtained from the work of Kawakami and OEji 
[SI (figure 1). According to [8], we have found that the result of this paper does coincide 
with that of the Bethe ansae. 

4. Conclusions 

This paper has some important results. First, the equation proved in this paper has provided 
an important way of solving some statistical models. Then, with the help of this equation, 
we have exactly solved the Anderson model and obtained the exact analytical expression 
of the ground-state energy. In particular, we have obtained this quantity in the symmetric 
Anderson model. 
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