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It is shown how the m atrix elementa of the pseudo-unitary operator producing the Bogoliubov transform a- 
tion for bosons and the corresponding states with sharp particle number. can be rather simply evaluated 
using eigenstates of the destruction operators.

There are  a number of model Hamiltonians for a rea l bose system , which are diagonalized by the 
transform ation

a k((p) = A( cp)ofgA~^((p) = uka k + vka + k , (1)

where

A(</>) = exp{-Z / e2ÍÜ> ~a ka - k  }

and Uf¡ = cosh 9 v¿ = e"2i<P sinh 8 The model Hamiltonians we re fer to above, are approximated by 
some "reduced Hamiltonian", which is  not gauge invariant.

Eigenstates of ha ve been used in the past [1] to express m atrix elements of A, using Schwinger's 
variational principie. The use of the properties shown by Glauber [2-4] makes the derivation more 
transparent. The Schrodinger coherent states are defined by

«fe I { « ’fe I > “ « ’jfcK0 * } ) .  a feKa '¿ »  = a 'feKff' * » -  (2)
Here { a '¿ }  = a' and { a '¿ }  5 a' are two sets of complex numbers. Relation (1) im plies | a') = a |  a'), 
a' = a'. We need further the properties

( a ' | a ") = exp S  a ' *ba  V , la ') = a+b \a'),
k « « ° a  k R

1 = /  | a') (a'ldju(a'), dii(a') = Y \ ^ ¿ 2a'k  exp ( - 1 |2 )
k

Which are  likewise valid for ¡a '). To evalúate ( a ’ ¡ A| a*) = ( a 1 |a">, we differentiate it with respect to 
the eigenvalues

= (Bk a ”k + T ka ':k )(a '\a ”) = <fl’ \a+k  la "> = ( B k a ' * k * A k a l k )(a '\a't) (4)

where A j¡ = Bf¡ = 1 /u f¡, r ¿  = -  v *k /uk' Eqs. (4) have the common solution

(a ’ |a"> = C e x p {E  ( Í a ”k A k a<lk +  a ”kB ka '* k + j>a'*k  1 ^ ) }  (5)

The constant C can be determined using eq. (5) and the completeness relation for |a’>, to evalúate 
( a 'la 1) .  After elementary integrations we arrive at the desired result [1]

| c | 2 = y (Mfe« - fe) - l = ( d e t « ) - l  (6)

Now let | Sl(n) be the vector obtained setting all a'¡¡ = 0. This is  the ground State for au{w). We show 
that
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l fOtT! i
|% ) = J0 (d<p/2n) exp (-2 iN<p) (« 4 )

N  integer, is  an eigenstate oí the number operator [5] Ñ  = Z / a +^a^, i. e.

JV |% )=A T|% ) (7)

To evalúate the left hand side oí this equation, we expand Ñ in term s oí coherent states

Ñ = / / d / i ( « ’)d/i(6')c> í(a , * >6') | a') ib' \

with

9 £ (a '* , b') = (a ’ |iV ¡6 ') = Z)a'*qb'q. exp Z) a'*k b' &

Using the auxiliary relation

fd n (b ')  exp {Aa'*k b'k  + j,b'*k Tk b ' t k} = exp {^Á2 'Ba'*k r ka ' t k }
R

we obtain
2_ »

Ñ\UN) = £  f  diu(a’) Jd n (b ')  exp (-2iNa>) \a') (b' |n ,̂) Tia'*qb'q e x p { £ a ’V 'fe }  =

2 7 7
= ^  j d v ( a ' )  exp (-2iN<p) ]«') N exp Z/ = N

The physical im plications of coherent states for the theory oí superfluidity have been recently d is- 
cussed in re í. 6.

The results reported in this letter are  part of a work on the mathematical properties of the pair 
Hamiltonian model [7]. The author is indebted to Prof. W. Thirring for suggesting this work to him and 
for valuable comments.
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